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routine embedding, sectioning and staining, but | 
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tioned plastics, but I'd heard that they were diffi- 

cult to prepare, messy and toxic. Did I have a 
lot to learn! 

LKB showed me how to use a new water- 
soluble plastic embedding system — the HistoResin 
system. It wasn’t difficult at all! I even cut thin 
serial sections. And what I really liked was seeing fi 
that without removing the embedding medium, | S 
could use all the stains 
I needed - including 
P.A.P. They also showed 
me an easy way to cut 
thin paraffin sections. 

I cut beautiful 1 micron 
paraffin sections with 
the HistoRange 
microtome.” 
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O The HistoResin Embedding System t 
O The LKB Histology Workshop & Seminar Program À 














E 
| 
| 
| 
| 
| A 
| Institute/Hospital 3 pe = ZE 
| 5 
| 
| 








Name Aa = a Ae 
Dept. _ _ yan 
Address i 4 
na tel. i = 5 
D a 
a 

$ E 


Head office: LKB-Produkter AB, Box 305, ` ` 
S-161 26 Bromma, Sweden. Tel. 08-98 00 40, telex 10492 + 

Main US sales office: LKB Instruments, Inc. 9319 Gaither Road, Gaithersbur A 
Maryland 20877. Tel. 301-963-3200, telex 909870 (dom.), 64634 (intern. į 
UK sales office: LKB Instruments Ltd., 232 Addington Road, S. Croydon, Surn i 
CR2 8YD, England. Tel. 01-657 8822, telex 264414 y 

Other sales offices in: Antwerp, Athens (for Middle East), Bangkok, Copenhag* 
Lucerne, Madras, Moscow, unich, Paris, Rome, Turku, Vienna, Zoetermeer 


1o e ' $ K ge 
Na a 


Henry’s Law confounded 

Peter Brimblecombe 11 
The sex life of primroses 

A J Richards 12 
Galaxy evolution at late epochs 

M SLongair 13 
What controls the transcription 

of immunoglobin genes? 

Robert P Perry 14 
A solar coronal mass ejection 15 
Papilloma viruses and 

cervical tumours 

Lionel Crawford 16 
Vasopressin, tissue-specific defects 

and the Brattleboro rat 

T I Bonner &M J Brownstein 17 


SCIENTIFIC CORRESPONDENCE 


Homocysteine and arteriosclerosis 

RC Beier 18 
VITAL STAINING K Fungi in culture 

OF NERVE TERMINALS “43% D L Hawksworth 

Oil-shale petroporphyrin 

RC Pettersen 

Canary before the pigeon 

N Pastore 


— BOOK REVIEWS—— 
OPINION] Empire of Knowledge: The Academy of 


s fortanein space Sciences of the USSR (1917-1970) 

by A Vucinich 
Eric Ashby 77 
The Geochronology and Evolution of 
Africa 
by L Cahen et al. 
et-US agreements Norman K Grant 78 
The Great Mental Calculators: The 
Psychology, Methods, and Lives of 
Calculating Prodigies Past and Present 
by S B Smith 
David Singmaster 79 
Workers at Risk: Voices from the 












RE VOL.310 5 JULY 1984 





-LETTERS TO NATURE- 


, Nature of blue galaxies 
in the cluster Cl11447 + 2619 
H R Butcher & A Oemler Jr 






31 





nature 







A three-dimensional model of the 
fluid dynamics of radio-trail sources 
A G Williams & S F Gull 














Kinetic energy spectrum of large- 
and mesoscale atmospheric processes 

G D Nastrom, K S Gage 

& W H Jasperson 36 





Volcanic, CO, and solar forcing of 
Northern and Southern 

Hemisphere surface air temperatures 
R L Gilliland & S H Schneider 






Graphite crystals 
in hydrothermal vents 
J Jedwab & J Boulègue 


Anomalous focal mechanisms: 
tensile crack formation 

on an accreting plate boundary 

G Foulger & R E Long 43 













& presynaptic nerve terminals at frog neuro- 
cular junctions visualized by a new fluorescence 
ning technique (see p.53). 











A complex of copper(i1)-montmorillonite 
with a modified cyclodextrin 
T Kijima, J Tanaka, M Goto 
& Y Matsui 45 









Two-dimensional chiral 
crystals of phospholipid 
R M Weis & H M McConnell 


g public 





A high rate of self-fertilization 
and increased seed 

fertility of homostyle primroses 
J G Piper, B Charlesworth 


À & D Charlesworth 
opean Community 


hnopolis 

otives for mobility 
astern bloc trade 6 | Workplace 

ore on creationism by D Nelkin and M S Brown 

DS Alastair Hay 80 


sraeli science ARTICLES —— 


Israeli innovation 7 
Rotational frequency splitting of 


CORRESPONDENCE- solar oscillations 


a 
ience in India discussed 8 | TL Duvall Jr & J W Harvey 19 


NEWS AND VIEWS— 


2 tterns of developing embryos 
phn Maddox 9 
pgean celebration 









Brain grafts can restore 
irradiation-damaged neuronal 

connection in newborn rats 

N Sunde, S Laurberg & J Zimmer 51 



















Staining of living presynaptic nerve 
terminals with selective fluorescent dyes 
D Yoshikami & L M Okun 53 





Gelsolin inhibition of fast axonal 
transport indicates a requirement 
for actin microfilaments 

S T Brady, R J Lasek, R D Allen, 
H L Yin & T P Stossel 





Internal rotation of the Sun 

T L Duvall Jr, W A Dziembowski, 

P R Goode, D O Gough, J W Harvey 

& J W Leibacher 22 


56 








Persistent, directional motility of cells 
and cytoplasmic fragments 

in the absence of microtubules 

U Euteneuer & M Schliwa 
















Sequence of a Drosophila segmentation 

offrey North gene: protein structure 

niversal genetic key to body plan? homology with DNA-binding proteins 
Struhl 10 | A Laughon & M P Scott 


58 













Céntents continued overleaf 


re* (ISSN 0028-0836) is published weekly on Thursday, except the last week in December, by Macmillan Journals Ltd and includes the Annual Index (mailed in February). Annual subscription for 
and Canada US $230 (for subscription prices elsewhere, see next page). USA and Canadian orders only to: Nature, Subscription Dept, PO Box 1018, Manasquan, New Jersey 08736, USA. All other 
s to Nature, Brunel Road, Basingstoke, Hants RG21 2XS, UK. Second class postage paid at New York, NY 10010 and additional mailing offices. Authorization to photocopy material for internal 
‘sonal use, or the internal or personal use of specific clients, is granted by Nature to libraries and other users registered with the Copyright Clearance Center (CCC) Transactional Reporting Service, 
\ded that the base fee of $1.00 per copy plus $0.10 per page is paid directly to CCC, 21 Congress Street, Salem, Massachusetts 01970, USA. The identification code for Nature is 0028-0836/84 $1.00 
p.10. US Postmaster send form 3579 to: ope 15 East 26 Street, New York, NY 10010. Published in Japan by Macmillan Shuppan K.K., Sth Floor Eikow Buildipg, 1-10-9 Hongo, Bunkyo-ku, 
Q pan. © 284 Macmillan Journals Ltd. 


= 





== 9a gps T a a ee = ———, z zm E E 


~ Custom Oligodeoxynucleotides 
_ From Pharmacia P-L Biochemicals 


Make 









H H | For more information or a price 
Discoveries, : quotation, contact your local 
Not Reagents | Pharmacia P-L Biochemicals/ 





Ok n | Pharmacia Fine Chemicals 
Oligodeoxynucleotides of representative or write 
defined sequence are an to one of the 
increasingly important tool in addresses 
research. This means that you, | below 

the researcher, must ask the | 

question: "Where can I get this 
vital product?". You could | 
synthesize and purify the e 
oligodeoxynucleotide yourself, ¢ Mixed 


but this takes valuable time sequences 


away from your research 
instead of making new for probes 


discoveries, you are making 

reagents! Expensive “gene e Modified 
machines" can do the synthesis, nucleosides 
but you must still invest your : 

time to purify the product. Is available 
there no better way to obtain 
custom oligodeoxynucleotides? |+ Scale from 1 OD 


| to 5000 ODs 






























The better way is to have 
Pharmacia P-L Biochemicals 
prepare your custom 
oligodeoxynucleotides. Our 
experienced team of skilled | 
professionals can quickly 
synthesize and purify the exact 
sequence desired in the 

quantity that you require | 
Whether you need 1 OD or 

5000 ODs, whether you need 

| modified bases or a mixed | 
sequence, we can supply your 
oligodeoxynucleotide ready for | 
you to use. Put our custom 
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custom oligodeoxynucleotide 
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scientific research; our business 
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Lilac-coloured inclusions protruding from the 
fractured surface of a Kimberley diamond fragment. As 
reported on page 198, isotopic investigations show that 
these diamonds originated in old enriched mantle and 
are thus much older than the host kimberlites. 
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STRUCTURE IN THE 
GALACTIC CENTRE 


A 20-cm radio emission map of the galactic centre 
showing a prominent structure consisting of system- 
atically arranged filaments. Inset: fine ridges on a 
lobate feature near the galactic nucleus, revealed on a 
10.5 GHz map. These images are from the papers on 
pages 557 and 568 respectively, and the structure 
revealed the notion that magnetic fields are a major 
influence in this region of space. 


= NION—— 


Strict liability in a morass 527 
Patrons for universities 
Minds at the helm 528 


ee ~~ 


US nuclear power 
Biotechnology centres 
Star wars 

Academic tenure 
Nuclear shipping 
Japan to import US idea 
Gasoline lead 
Biophysics congress 
Sakharovs 

Artificial fertilization 
US plutonium 

French research 

Agent Orange 
History preserved 
Acid rain 

Mason’s own views 
Student benefits 


—CORRESPONDENCE-— 


Mount Wilson and Kitt Peak 
observatories/Musical 
link/The popular press 


530 
531 


532 


533 


534 


535 


COMMENTARY 


The geology of nuclear waste disposal 

W F Fyfe, V Babuska, N J Price, 

E Schmid, C F Tsang, S Uyeda 

&B Velde 537 


—NEWS AND VIEWS— 


Malaria vaccine in sight? 

John Maddox 541 
Scientific journalism: a controllable aspect 
of the information explosion? 
Virginia Trimble 

The nightside magnetosphere 

S W Cowley 

DNA map of the human lineage 
Jared Diamond 

Splitting hairs over hearing? 
Jonathan Ashmore 

Holocene penguin extinction 
Colin Harrison 

Higgs discovery at DESY? 
Robert Walgate 

Bounds to the amplification of 
biomolecular handedness 
Stephen Mason 

Control of protein turnover by 
photosynthetic electron transport 
John Bennett 

IRAS circulars 14and 15 


—BOOK REVIEWS — 


Leonardo da Vinci’s Elements of 
the Science of Man 

by K D Keele 

Martin Kemp 

Theory of Structural Transformations 
in Solids 

by A G Khachaturyan 

R A Cowley 

Understanding Relativity: Origin and 
Impact of a Scientific Revolution 
by S Goldberg 

A P French 

The Global Biogeochemical 
Sulphur Cycle 

M V Ivanov and J R Freney eds 

CE Rees 

The Citation Process 

by B Cronin 

J R Ravetz 

Genes and Antigens of Parasites: A 
Laboratory Manual, 2nd Edn 

C M Morel ed. 

F E G Cox 

Princes and Peasants: Smallpox 

in History 

by D R Hopkins 

Keith Dumbell 


542 
543 
544 


605 


606 


ii 


— REVIEW ARTICLE— | 


Development biology of a neural cell 
adhesion molecule 


U Rutishauser 549 


T _ ARTIC ES TS 


Broad-line high-excitation gas in the 
elliptical galaxy NGC5128 
M M Phillips, K Taylor, D J Axon, 


P D Atherton & R N Hook 554 


Large, highly organized radio structures 
near the galactic centre 
F Yusef-Zadeh, M Morris 


& D Chance 557 


Tissue-specific activation of a cloned 
a-fetoprotein gene during 
differentiation of a transfected 
embryonal carcinoma cell line 

R W Scott, T F Vogt, 


M E Croke & S Tilghman 562 


-LETTERS TO NATURE- 


A radio lobe over the galactic centre 


Y Sofue & T Handa 568 


Search for pulsed optical emission from 
the millisecond pulsar PSR1937 + 214 
R N Manchester, B A Peterson 


& P T Wallace 569 


Relativistic deflection of radio signals 
in the solar gravitational field 
measured with VLBI 

D S Robertson & W E Carter 


Continental distribution as a forcing 
factor for global-scale temperature 
E J Barron, S L Thompson 


& W W Hay 574 


Empirical approach to estimating the 
composition of the continental crust 


B L Weaver & J Tarney 575 


Fluorescent bands in massive corals 
record centuries of coastal rainfall 


P Isdale 578 


Regional localization of sex-specific 
Bkm-related sequences on 
proximal chromosome 17 of mice 


K Kiel-Metzger & R P Erickson 579 


Chromosomal localization of the 
human proto-oncogene c-ets 


*C de Taisne, A Gegonne, D Stehelin, 


A Bernheim & R Berger ° 581 


Contents continued overleaf 


Nature” (ISSN 0028-0836) is published weekly on Thursday, except the last week in December, by Macmillan Journals Ltd and includes the Annual Index (mailed in Gebruary). Annual subscription for 
USA and Canada US $230 (for subscription prices elsewhere, see next page). USA and Canadian orders only to: Nature, Subscription Dept, PO Box 1018, Manasquan, New Jersey 08736, USA. All other 


orders to Nature, Brunel Road, Basingstoke, Hants RG2! 2XS, UK. Second class postage paid at New York, NY 10010 and additional mailing offices. Authorization t 


hotocopy material for internal 


or personal use, or the internal or personal use of specific clients, is granted by Nature to libraries and other users registered with the Copyright Clearance Center (CCC) Transactional Reporting Service, 


provided that the base fee of $1.00 per copy plus $0.10 per page is paid directly to CCC, 21 Congress Street, Salem, Massachusetts 01970, USA. The identification code for Nature is 0028 


/84$1.00 


+ $0.10. US Postmaster send form 3579 to: Nature, 1$ East 26 Street, New York, NY 10010. Published in Japan by Macmillan Shuppan K.K., Sth Floor Eikow Building, 1-10-9 Hongo, Bunkyo-ku, 


Tokyo, Japan. © 1984 Macmillan Journals Ltd. 








= 
_— ~*~ 


-A 
ps 
= 


e Whole Blood: only 0.2 mI required 
and ready to read in 60 minutes 


e Direct Label: T11-RD1 (a phycoerythrin 
derivative), B1-FITC and Controls 


e 2-Color: 2-tube assay including 
controls 


e Built in Q.C.: with identifiable 
morphology that correlates to a 
standard differential 


e Specific: B1, a B cell marker, not 
surface immunoglobulin 


e Flexible: can be used on fluorescence 
microscopy or flow (EPICS®) 
cytometer 


e Complete: all you need for 25 tests 
including isotypic controls 


COULTER CLONE’ 
reagents... 


“bringing signifitant developments to the surface" 


(For research use only: not for diagnostic or therapeutic use.) 








Whole Blood, 2-Color, T&B Kit 


Also Available 


A Whole Blood, 2-color kit for rapid 
phenotyping of acute leukemia— 


A Whole Blood, 2-color kit for the 
Clinical study of AIDS, ILS, SLE, 
transplants and other immune 
disorders — 


3 new antibodies... 
PCA-1 (plasma cells) 
PLT-1 (platelet) 
NKH-1 (natural killer cells) 
and 
a new red dye, RD1, that will make 
2-color analyses routine in every lab. 


To order these new products or for information 
on any other COULTER CLONE® reagents including 
T1, T3, T4, T6, T8, T11, TQ1, B1, B2, B4, MO1, MO2, M4, 
MY7, MY9, 12, ILR2, J5, I9D, IgG, IgM, Kappa, Lambda, 
Mouse Controls — IgG, IgG,, I9G,,, I9G,,, IGM and 
developing reagents, call... 


800-327-3778, 
in Florida 800-432-6518 


or write: 

COULTER IMMUNOLOGY 

a division of Coulter Corporation 
440 WEST 20 STREET 

HIALEAH, FL 33010 


NATURE VOL.310 16 AUGUST 1984 








Keep your copies of Nature 
protected in these tough 
black PVC binders 





@ Each binder is supplied with a 
set of wires for the easiest 
possible loading 

@ Nature |ogo blocked in gold on 
spine 

@ Transparent plastic pocket 
provided for your own reference 

@ Each binder takes two volumes 

of Nature; three binders will 

































serve for a year 
@ Prices and address for orders 
are set out below 
Annual Subscription Prices 
UK & Irish Republic £98 
USA & Canada US$230 
Australia & NZ Airspeed £150 
Continental Europe Airspeed £120 
India Airspeed £115 
Japan Airs) 
Rest of World* Surface £120 
Rest of World* Airmail £180 
*(not USA, Canada, Europe & Japan) 
Orders (with remittance) to: 
USA & Canada UK & Rest of World 
Nature — Nature 
Subscription Dept Circulation Dept 
PO Box 1018 Brunel Road 
Manasquan Basingstoke 
NJ 08736 Hants RG21 2X5, UK 


Tel: 0256 29242 
(The addresses of Nature’s editorial offices are 
shown facing the first editorial page) 


Japanese subscription enquiries to: 
are Publications Trading Company Ltd 
Fee eg a ae 

iyoda-ku, Tokyo, Ja; 
Tel: (03) 292 3755 a 
Personal subscription rates 
These are available in some countries to 
subscribers paying by personal cheque or credit 
card. Details from: 


USA & Canada UK & Euro 

Nature Felicity Parker, Nature 
15 East 26 Street Brunel Road 

New York, Basingstoke 


NY 10010, USA Hants RG21 2XS, UK 
Tel: (212) 689-5900 Tel: 0256 29242 
Credit card orders only (in USA): 

Call toll-free: (800) 824-7888 (Operator 246) 

In California: (800) 852-7777 (Operator 246) 





Back issues 

UK, £2.50; USA & Canada, US$6.00 (surface), 
US$9.00 (air); Rest of World, £3.00 (surface), 
£4.00 (air) 

Binders 

Single Binders: UK, £4.50; Rest of World, $10.00 
Set(s) of 3 Binders; UK, £12.00; Rest of World, $25.00 
Annual indexes (1971-1982) 

UK, £5.00 each; Rest of World, $10.00 


Nature First Issue Facsimile 
UK, 75p; Rest of World (surface), $1.50; 

(air) $2.00 

Nature in microform 

For Information: 

University Microfilms International, 300 North 
Zeeb Road, Ann Arbor, MI 48106, USA 
















ONTENTS 


inus is required for 
membrane 


The p?' ras C-te 
transfosmation an 
association 

B M Willumsen, A Christensen, 
N L. Hubbert, 


A G Papageorge & D R Lowy 583 





Activation of c-Ha-ras-1 proto-oncogene 
by in vitro modification 

with a chemical carcinogen, 
benzo(a)pyrene diol-epoxide 

C J Marshall, K H Vousden 


& D H Phillips 586 





Direct evidence that oncogenic tyrosine 
kinases and cyclic AMP-dependent 
protein kinase have 

homologous ATP-binding sites 

M P Kamps, S S Taylor 


& B M Sefton 589 


Expression of c-myc changes during 
differentiation of mouse 
erythroleukaemia cells 


H M Lachman & A I Skoultchi 592 


Cell type-specific enhancer element 
associated with 

a mouse MHC gene, E; 

S D Gillies, V Folsom 


& S Tonegawa 594 


Graded and nonlinear mechanical 
properties of sensory hairs in the 
mammalian hearing organ 


A Flock & D Strelioff 597 


Do general anaesthetics act 
by competitive binding 

to specific receptors? 

N P Franks & W R Lieb 


Chiral selection in poly(C)-directed 
synthesis of oligo(G) 

GF Joyce, G M Visser, 

C AA van Boeckel, J H van Boom, 
LE Orgel & J van Westrenen 


——MISCELLANY— 


Books received 609 


—NATURE CLASSIFIED- 


Professional appointments — Research 
posts — Studentships — Fellowships — 
Conferences — Courses — Seminars — 
Symposia: Back pages 


599 


602 








Next week in Nature: 














@ Function of human ras proteins 
Mitogenesis by myc gene 

@ Evolution of mouse MHC genes 
@ Plants without stomata 

@ Physiology of panic disorder 

@ Longer nuclear winters 


@ Sea-surface temperature 
fluctuations 


@ Sulphurous volcanic eruptions 


© Cygnus X-3 














What missing mass? 


—GUIDE TO AUTHORS- 


Authors should be aware of the diversity of Nature's 
readership and should strive to be as widely understood 
as possible. 

Review articles should be accessible to the whole 
readership. Most are commissioned, but unsolicited 
reviews are welcome (in which case prior consultation 
with the office is desirable). 

Scientific articles are research reports whose 
conclusions are of general interest or which represent 
substantial advances of understanding. The text should 
not exceed 3,000 words and six displayed items (figures 
plus tables). The article should include an abstract of 
about 50 words. 

Letters to Nature are ordinarily 1,000 words long with 
no more than four displayed items. The first paragraph 
(not exceeding 150 words) should say what the letter is 
about, why the study it reports was undertaken and 
what the conclusions are. 

Matters arising are brief comments (up to 500 words) on 
articles and letters recently published in Nature. The 
originator of a Matters Arising contribution should 
initially send his manuscript to the author of the original 
paper and both parties should, wherever possible, agree 
on what is to be submitted. 


Manuscripts may be submitted cither to London or 
Washington (decisions being made only in London). 
Manuscripts should be typed (double spacing) on one 
side of the paper only, Three copies are required, cach 
accompanied by copies of lettered artwork. No title 
should exceed 80 characters in length. Reference lists, 
figure legends, etc. should be on separate sheets, all of 
which should be numbered. Abbreviations, symbols, 
units, etc. should be identified on one copy of the 
manuscript at their first appearance. 

References should appear sequentially indicated by 
superscripts in the text and should be abbreviated 
according to the World List of Scientific Periodicals, 
fourth edition (Butterworth 1963-65). The first and last 
page numbers of cach reference should be cited. 
References to books should clearly indicate the 
publisher and the date and place of publication. 
Unpublished articles should not be formally referred to 
unless accepted or submitted for publicatign, but may 
be mentioned in the text. 

Each picce of artwork should be clearly marked with the 
author's name and the figure number. Original artwork 
should be unlettered. Suggestions for cover illustrations 
are welcome. Original artwork (and one copy of the 
manuscript) will be returned when manuscripts cannot 
be published. 4 

Requests for permission tP reproduce material from 
Nature should be accompanied by a self-afldressed 
fand, in the case of the United Kingdom and United 
States, stamped) envelope. 


Fascinating reading 
and an unusual gift 


























A high-quality, 40-[ 
page facsimile of TU 
the first Issue of | THIEL RSD AS NONE MEHE R 4 ine 
Nature is now CONTENTA 
available at the Gorrie: Apiorisms on Nurt. By 
i i . Prof. He ‘ERS 
following prices : ON wk yare or WINTER- 
Fiowenine Praxis, Be A M 
Bexnvrr, FALLS 
UK TO bint seen ing hah inisi 
Ts J. NATAN P t iih, FR N 
\Whanses’s Daxis Axriyt ries. B Sik 
Tannock, Hane, F.R.S 
Rest of US$1 50 | xt SAN ae Mots. By W S$ 
ia D S, LN 
World (Surface) \ 5 Basak Suet 
| Seaence-TRACHING IN Scttoois, By the 
| Rev. W. TrokwEL 
ie Lare ately Granas. By Prof 
WiLtianson, F N 
Mekringe or rie GERMAN Narenatisns 
Loved R | rela te Sac e pear ek. Hy 
or ir L A Guk. | RS = 











ayment may be made in any currency at 

e prevailing exchange rate. Cheques 
hould be made payable to Nature. Prices 
include postage and packing. 










To order please complete the coupon 
below, or write, enclosing the correct 
remittance. 








Order Form 












To: Nature 
Macmillan Journals Ltd 
Brunel Road, Basingstoke 
Hants, RG21 2XS, England 







Please send me 
issue of NATURE 


... facsimile(s) of the first 











lenclose....... 


"Reg Office: 4 Little Essex St. London WC2R 3LF 


3 Reg No: 785998 England | 
| 








NATURE VOL. 310 16 AUGUST 1984 






EDITORIAL OFFICES 


London Office 
4 Little Essex Street, WC2R 3LF 
Telephone: (01) 836 6633 Telex: 262024 


Washington Office 
1134 National Press Building, DC 20045 
Telephone: (202) 737-2355 


Tokyo Office 
Eikow Building, 10-9, Hongo l-chome, Bunkyo-ku, 
Tokyo 113 

Telephone: (03) 816 3756/7 Telex: J3212] MSKK 
Editor: John Maddox 
Deputy Editor: Peter Newmark 
Editorial Staff: Philip Campbell, Maxine Clarke, 
Isobel Collins, Peter Gambles, Tim Lincoln, 
Naomi Molson, Sara Nash, Geoffrey North, 
Peta Pickering, Miranda Robertson, 
Robert Walgate, Charles Wenz, Nigel Williams 
Washington Editor: Stephen Budiansky 
Merson Correspondent: Tim Beardsley 
Tokyo Correspondent: Alun Anderson a 
Art and Design: Joan Godwin, Julie Busby, Joel  ' 
Chernin, Paul Norris, Marie Xeridat 
Administration: Mary Sheehan, Jacqueline Cole, 
Ruth Cutts, Joanna Czechowska, 
Ruth Goldenberg, Janis Sterling, Donna Wootton 
and Penelope Walker (Washington) 


Publisher: Elizabeth Hughes 

Marketing Director: Ray Barker 
Promotion Manager: Felicity Parker 
International Advertising Manager: 
Andy Sutherland 

European Display Advertising Manager: 
Hilary Turnbull 


Group Classified Advertising Manager: 
John Barnes — Telephone: (01) 240 1101 





Nature New York Office 
15 East 26 Street, New York, NY 10010 

Telephone: (212) 689-5900 Telex: 668497 
General Manager: Gary Rekstad 
American Advertising Manager: Henry Dale 
Classified Advertising Manager: Miss Gene Fein 
Circulation Director: Paul E. Siman 
Canadian Display and Classified: Peter Drake, 
17 Pine Crescent, Toronto, 
Ontario M4E 1L1—(416) 690-2423 
EE PY 

Display Advertising Representatives 

New York: Nature Office 
Chicago: Didier & Broderick, Inc.—(312) 498-4520 
San Francisco: Jobson/Jordan/Harrison/Schulz, 
Inc. —(41$) 392-6794 
Los Angeles & Pasadena: Jobson/Jordan/ 
Harrison/Schulz, Inc.—(818) 796-9200 
Philadelphia: Daniel Adams Associates, 
Inc.—(215) 353-6191 
Boston: CEL Associates—(617) 848-9306 
Fort Lauderdale: Brinker & Brinker—(305) 
771-0064 


New Jersey: Mary Grunmeier—(201) 572 9018 
Spring, Texas: Jobson/Jordan/Harrison/Schulz, 
Inc.—(713) 376-2368 

France: Francoise Teisseyre 

Paris—(1) 622 51 54 

West Germany and Austria: Franz Schrecklinger 
TMW Top Media Werbegesellschaft GmbH 
Frankfurt—(69) 726046 


Holland and Belgium: Adele Struyck 
Holland—(034) 04 23265 


Switzerland: Werner Stabli 

Agentur Iff AG 

Schaffhausen—(053) 45821 

Scandinavia: Andrew Karnig 

Andrew Karnig & Associates AB 
Finnbodavagen, 1, 131 31 Nacka 
Sweden-Telephone: 08 44 00 05 Telex: 17951 
Japan: Mashy Yoshikawa 

Orient Echo Inc, Tokyo—541-4923 
Australia: Gus Bartel & Associates 

PO Box 1755, 

Southport, Queensland 4215—(075) 466 577 


M 





Nature” ISSN 0028-0836 


Registered as a newspaper at 
the British Post Office 
© 1984 Macmillan Journals Ltd 


Vol.310 No. 5978 16 August 1984 


- tte aras ee 
a 


f <S W 
EN OY 
ry . . N p -” 


——COMMENTARY— 


Widespread after-effects of 
nuclear war E Teller 621 
Is the ‘‘nuclear winter” real? 


NATURE VOL. 310 23 AUGUST 1984 



























Five New World Primates: A Study 
in Comparative Ecology 

by J Terborgh R D Martin 707 
Handbook of Cognitive Neuroscience 

M S Gazzaniga, ed. 












S F Singer John Morton 708 
Reply: S L Thompson, * | The History of Physics 
S H Schneider & C Covey 625 | by I Asimov Roy Porter 


Geomorphology of Europe 

C Embleton, ed. 

Peter Worsley 709 
Microbial Geochemistry 

W E Krumbein, ed. J M Hayes 


—NEWS AND VIEWS— 


Hunting for the missing mass 
John Maddox 627 


























Mutant ras proteins and cell : * 
transformation Rob Newbold 628 ree amne ese Biol 
Multiple controls for secretion? i npr ’ ieee an z iology 
Peter F Baker 629 | oY ttwood and A T Florence 









710 


— REVIEW ARTICLE— 


Pasupati Mukerjee 





Clues to climate from sea-surface 
records 
Joseph O Fletcher 630 



































The riches of silica revealed 
: Geoffrey D Price 631 | Can a neutrino-dominated Universe 
PHOTOSYNTHESIS Evolution of stable exploiter - victim be rejected? 
Hy PRIMITIVE PLANTS systems P Hut & S D M White 637 
Jared M Diamond 632 


















Novel carbon supply for 

photosynthesis on land 

Peter D Moore 633 
Nucleosynthesis in barium stars 

Virginia Trimble 


— SCIENTIFIC CORRESPONDENCE- 


The meaning of homology 

G M Jankovic 635 
Wigner’s phase-space density 

function 

D Iagolnitzer 

Electrical neutrality of atoms 


Stylites, a vascular land plant thar does not boast the 
usually essential stomatal pores on its leaves, Instead, 
the plants derive nearly all of the carbon dioxide needed 
for photosynthesis through the roots. The diameter of 
the coin is approximately 2.8 cm. See page 694, and 
News and Views page 633. 


OPINION 


How to neutralize acid rain 611 
Chinese example 612 
Freedom to travel 


—— ARTICLES- 


Coesite in clinopyroxene in the 
Caledonides and its 

implications for geodynamics 

D C Smith 641 

















































Comparative biochemical properties 

of normal and 

activated human ras p21 protein 

J P McGrath, D J Capon, 

D V Goeddel & A D Levinson 644 






































































T B Tang Organization and evolution of the 
NEWS The rotation of birds’ eggs class I gene family in the 

C A Michie major histocompatibility 
Recombinant DNA 613 | Alignment of base sequences complex of the C57BL/10 mouse 
Space experiments T H Jukes 636 | E H Weiss, L Golden, K Fahrner, 
Japanese research 614 | Opiates and sexual function A L Mellor, J J Devlin, H Bullman, 
MITI’s proposals A Pybus, T Torda, H Tiddens, H Bud &R A Flavell 650 
AIDS H J McQuay & R A Moore R 7 
Indian anaemia 615 | Adiabatic boiling and ocean Functional role for c-m yc in mitogenic 
Industrial research metal transport response to platelet-derived growth factor 
US environmental protection 616 | TH Hedenquist H A Armelin, M C S Armelin, K Kelly, 
Albanian universities T Stewart, P Leder, _ 
Visa protests 617 BOOK REVIEWS B H Cochran & C D Stiles 655 
Particle physics Phin 
European fast reactors 618 | Turing’s Man: Western Culture 











in the Computer Age 

by J D Bolter David Edge 705 
Systems Ecology: An Introduction 

by H T Odum 

Richard G Wiegert 706 
Superstars: How Stellar 

Explosions Shape the Destiny 

of Our Universe 

by D H Clark R J Tayler 


Satellite insurance 
Open University help for women 


—CORRESPONDENCE- 


European Physical Society 
in Prague/Japan’s ‘‘overdoctors’’/UK 
research/Public money for science 619 


-LETTERS TO NATURE- 


Infrared spectropolarimetry of 

Seyfert galaxy NGC1068 

D K Aitken, J A Bailey, G Briggs, 

J H Hough & P F Roche 660 


Low-level radio flares from Cygnus X-3 
L A Molnar, M J Reid 
& J E Grindlay 662 


Contents continued overleaf 






















Maximal : 
resolution at minimal 

cost with Chromatofocusing 
. , from Pharmacia 


If you are looking for the highest possible reso- 
lution in a protein purification technique, consider 
chromatofocusing. Unlike separation techniques 
which require expensive equipment for high puri- 
ty separations, chromatofocusing is your inexpen- 
sive, high resolution alternative. Requirements 
are simple; a traditional laboratory column of the 
type used in gel filtration, a peristaltic pump, the 
gel (Polybuffer exchanger PBE®) and the special 

elution buffer (Polybuffer®). 


In chromatofocusing, high resolu- 
tion is achieved since proteins are 
separated by the differences in their 
isoelectric point. Proteins are eluted 
in a self-generated pH gradient on the 
column. The actual methodology is as 

easy as gel filtration. Simply pack 
your column, equilibrate the gel, 
apply the sample and elute 
your purified components 
with Polybuffer. 
Chromatofocusing can be 
used for both analytical 
and preparative sepa- 
rations. 


























Pi 


m 


| For chromatofocusing 2508 






For in vitro use only 
SRSA ea iiA 


ie 









Pharmacia 
Fine Chemica 
















Contact your Pharmacia 
representative and learn 
more about the easy and 
inexpensive way to get 
high quality separations. 


—7 Chromatofocusing — 
maximal resolution 
at minimal cost. 


Pharmacia Fine Chemicals 
Division of Pharmacia Inc. Pharmacia 

800 Centennial Avenue 4 
Piscataway, N.J. 08854 Fine Chemicals 


Misata Ato a A ae 





e s n 


NATURE VOL.310 23 AUGUST 1984 


E e E a ee a 


SCIENCE IN THE 
LOW COUNTRIES 


@ Will the policy of 
“concentrating” the universities 
in Holland and Belgium create 
more problems than it solves? 

e /s Belgian science stagnating? 

è What would be the effect of 
increased government control 
over Dutch research policy? 


These and other questions are 
examined in Nature's special 
supplement on Science in the 
Low Countries. 

Extra copies of this issue are 
available now from the address 
given below. 


Annual Subscription Prices 

UK & Irish Republic 

USA & Canada 

— md KS yea 
‘ontinen uro rspeed 

— . pan 

Rest of World® Surface 

Rest of World* Airmail 

*(not USA, Canada, Europe & Japan) 


Orders (with remittance) to: 

USA & Canada UK & Rest of World 
Nature Nature 

Subscription Dept Circulation Dept 

PO Box 1018 Brunel Road 
Manasquan Basingstoke 

NJ 08736 Hants RG21 2XS, UK 
USA Tel: 0256 29242 

(The addresses of Nature’s editorial offices are 
shown facing the first editorial page) 


Japanese subscription enquiries to: 
5 Publications Trading Company Ltd 
2-1 Sarugaku-cho 1-chome 
Chiyoda-ku, Tokyo, Japan 
Tel: (03) 292 3755 
Personal subscription rates 
These are available in some countries to 
subscribers paying by personal cheque or credit 
card. Details from: 
USA & Canada UK & Euro 
Nature Felicity Parker, Nature 
15 East 26 Street Brunel Road 
New York Basingstoke 
Hants RG21 2XS, UK 


NY 10010, USA 
Tel: (212) 689-5900 Tel: 0256 29242 


Credit card orders only (in USA): 

Call toll-free: (800) 824-7888 (Operator 246) 

In California: (800) 852-7777 (Operator 246) 
Back issues 

UK, £2.50; USA & Canada, US$6.00 (surface), 
US$9.00 (air); Rest of World, £3.00 (surface), 
£4.00 (air) 

Binders 

Single Binders: UK, £4.50; Rest of World, $10.00 
Set(s) of 3 Binders; UK, £12.00; Rest of World, $25.00 
Annual indexes (1971-1982) 

UK, £5.00 each; Rest of World, $10.00 

Nature First Issue Facsimile 

UK, 75p; Rest of World (surface), $1.50; 

(air) $2.00 

Nature in microform 

For Information: 

University Microfilms International, 300 North 
Zeeb Road, Ann Arbor, MI 48106, USA 





Variation in observed coronal calcium 
abundance of X-rfy flare plasmas 
J Sylwester, J R Lemen & R Mewe 


Snow and ice feedbacks prolong 
effects of nuclear winter 
A Robock 


Worldwide marine 

temperature fluctuations 1856-1981 
C K Folland, D E Parker 

& F E Kates 


Dynamics of meltwater discharge 
from Northern Hemisphere 

ice sheets during 

the last deglaciation 

R H Fillon & D F Williams 


Sulphur-rich volcanic eruptions 
and stratospheric aerosols 
M R Rampino & S Self 


On the formation of calderas 
during ignimbrite eruptions 
T H Druitt & R S J Sparks 679 


Selective population inversion in NMR 
M S Silver, R I Joseph, C-N Chen, 
V J Sank & D I Hoult 681 


A focal brain abnormality in panic 
disorder, a severe form of anxiety 
E M Reiman, M E Raichle, 

F K Butler, P Herscovitch 


665 


667 


670 


674 


677 





& E Robins 683 
Initiation of synchronized 

neuronal bursting in neocortex 

B W Connors 685 


Inducible expression of H-2 and Ia 
antigens on brain cells 

G H W Wong, P F Bartlett, 
I Clark-Lewis, F Battye 

& J W Schrader 


Protein kinase C activation of 
physiological processes in 

human neutrophils at 

vanishingly small 

cytosolic Ca?+ levels 

F Di Virgilio, D P Lew & T Pozzan 691 


Stylites, a vascular land plant without 
stomata absorbs CO, via its roots 
J E Keeley, C B Osmond & J A Raven 694 


Associative cellulolysis and dinitrogen 
fixation by co-cultures of Trichoderma 
harzianum and Clostridium butyricum 

D A Veal & J M Lynch 695 


c-myc transcript is induced in rat liver 
at a very early stage of regeneration 
or by cycloheximide treatment 


R Makino, K Hayashi & T Sugimura 697 


mRNA sequence for human 
cardiodilatin-atrial natriuretic 

factor precursor and regulation 

of precursor mRNA in rat atria 

K Nakayama, H Ohkubo, 

T Hirose, S Inayama & 

S Nakanishi 699 


Heavily methylated amplified DNA 
in transformants of Neurospora crassa 
J H Bull & J C Wootton 701 





Erratum .. . page 704. 
, Fungtions of the canal 
system in the rotaliid 
foraminifer, Heterostegina depressa 
R Rottger, M Spindler, R Schmaljohann, 
M Richwien & M Fladung 


—NATURE CLASSIFIED- 


Professional appointments — Research 

. posts — Studentships — Fellowships — 
Conferences — Courses — Seminars — 
Symposia: Back pages 





Next week in Nature: 


Preselected monoclonal antibodies 
Insulin-like growth factors 
Repetitive merozoite malaria 
antigen 

Gene conversion in yeast 
Midge globin genes 

Rock varnish 

Pleistocene climatic forcing 
Appalachian wandering denied 
Arctic Ocean chronology 
Stability of Solar System 

CNS segmentation 


—GUIDE TO AUTHORS- 


Authors should be aware of the diversity of Nature's readership 
and should strive to be as widely understood as possible 


Review articles should be accessible to the whole readership. 
Most are commissioned, but unsolicited reviews are welcome (in 
which case prior consultation with the office is desirable). 


Scientific articles are research reports whose conclusions are of 
general interest or which represent substantial advances of 
understanding. The text should not exceed 3,000 words and six 
displayed items (figures plus tables), The article should include 
an abstract of about 50 words. 

Letters to Nature are ordinarily 1,000 words long with no more 
than four displayed items. The first paragraph (not exceeding 
150 words) should say what the letter is about, why the study it 
reports was undertaken and what the conclusions are 

Matters arising are brief comments (up to $00 words) on articles 
and letters recently published in Nature. The originator of a 
Matters Arising contribution should initially send his 
manuscript to the author of the original paper and both parties 
should, wherever possible, agree on what is to be submitted. 





Manuscripts may be submitted cither to London or Washington 
(decisions being made only in London). Manu- 
scripts should be typed (double spacing) on one side of the paper 
only, Three copies are required, each accompanied by copies of 
lettered artwork. No title should exceed 80 characters in length 
Reference lists, figure legends, etc. should be on separate sheets, 
all of which should be numbered, Abbreviations, symbols, 
units, cte. should be identified on one copy of the manuscript at 
their first appearance 

References should appear sequentially indicated by superscripts 
in the text and should be abbreviated according tothe World List 
of Scientific Periodicals, fourth edition (Butterworth 1963-65). 
The first and last page numbers of cach refergnee should be 
cited. References to books should clearly indicate the publisher 
and the date and place of publication. Unpublished articles 
should not be formally referred to unless accepted or submitted 
for publication, but may be mentioned in the text 

Each piece of artwork should be clearly marked with the 
author's name and the figure number. Original artwork should 
be unlettered. Suggestions fog cover illustrations are welcome 
Original artwork (and one copy of the manuscript) will be 
returned when manuscripts cangot be published, 

Requests for permission to reproduce material fran Nature 
should be accompanied by a self-addressed (and, in the case of 
the United Kingdom and United States, stamped) envelope. 


NATURE VOI J 23 AUGUST 1984 





Economical. Highly purifiea. 


Monoclonal Antibodies 
from Mallinckrodt 


FIBRONECTIN PANEL 


Six (6) monoclonal antibodies with 
well-characterized specificity to 
biologically significant regions of 
the humon fibronectin molecule 


PLASMA PROTEIN C 
THYROXINE (T4) 
B-hCG 


B-CELL SURFACE ANTIGEN’ 
(DS MOLECULE) 


B-CELL SURFACE ANTIGEN’ 
(DS, ALLELIC DETERMINANT) 


All Mallinckrodt monoclonals have been exten- 
sively purified by gel filtration and ion-exchange 
chromatography. The antibodies are supplied 
ready for immediate use in labeling procedures 
or assays. No further purification is necessary. 


These monoclonals are economically and ration- 
ally priced at only $150 per 0.5 mg. vial of purified 
antibody. (Anti-PPC antibody is packaged at 
150ug/vial, $45 per vial.) 


The monoclonals listed are available for immed- 
iate delivery. Six more will follow in late 1984 and 
another 18 in 1985. 


For further information, call or write: 


Mallinckrodt 4 


Dr. Leon R. Lyle, Mallinckrodt, Inc. 
675 McDonnell Bivd., P.O. Box 5840, St. Louis, MO 63134 
(314) 895-2352 
European Distributor: Mallinckrodt Diagnostica 
P.O. Box 2060, Von Hevesy Strasse 1-3 
6057 Dietzenbach-Steinberg, West Germany 
49-6074-401200 


‘References available upon request 





EDITORIAL OFFICES 





London Office 
4 Little Essex Street, WC2R 3LF 
Telephone: (01) 836 6633 Telex: 262024 


Washington Office 
1134 National Press Building, DC 20045 
Telephone: (202) 737-2355 


Tokyo Office 
Eikow Building, 10-9, Hongo |-chome, Bunkyo-ku, 
Tokyo 113 

Telephone: (03) 816 3756/7 Telex: J32121 MSKK 
Editor: John Maddox 
Deputy Editor: Peter Newmark 
Editorial Staff: Philip Campbell, Maxine Clarke, 
Isobel Collins, Peter Gambles, Tim Lincoln, 
Naomi Molson, Sara Nash, Geoffrey North, 
Peta Pickering, Miranda Robertson, 
Robert Walgate, Charles Wenz, Nigel Williams 
Washington Editor: Stephen Budiansky 
Washington Correspondent: Tim Beardsley 
Tokyo Correspondent; Alun Anderson 
Art and Design: Joan Godwin, Julie Busby, Joel 
Chernin, Paul Norris, Marie Xeridat 












Administration: Mary Sheehan, Jacqueline Cole, 
Ruth Cutts, Joanna Czechowska, 

Ruth Goldenberg, Janis Sterling, Donna Wootton 
and Penelope Walker (Washington) 


Publisher: Elizabeth Hughes 

Marketing Director: Ray Barker 
Promotion Manager: Felicity Parker 
International Advertising Manager: 
Andy Sutherland 

European Display Advertising Manager: 
Hilary Turnbull 

Group Classified Advertising Manager: 
John Barnes — Telephone: (01) 240 1101 





Nature New York Office 

15 East 26 Street, New York, NY 10010 

Telephone: (212) 689-5900 Telex: 668497 
General Manager: Gary Rekstad 
American Advertising Manager: Henry Dale 
Classified Advertising Manager: Miss Gene Fein 
Circulation Director: Paul E. Siman 
Canadian Display and Classified: Peter Drake 
17 Pine Crescent, Toronto, 
Ontario M4E 1L.1—(416) 690-2423 

RS ES 
Display Advertising Representatives 

New York: Nature Office 
Chicago: Didier & Broderick, Inc.—(312) 498 4520 
San Francisco: Jobson/Jordan/Harrison/Schulz, 
Inc.—{415) 392-6794 
Los Angeles & Pasadena: Jobson/Jordan 
Harrison/Schulz, Inc.—(818) 796-9200 
Philadelphia: Daniel Adams Associates, 
Inc. —(215) 353-6191 
Boston: CEL Associates—({617) 848-9306 
Fort Lauderdale: Brinker & Brinker —(305) 
771-0064 
New Jersey: Mary Grunmeier—(201) $72 9018 
Spring, Texas: Jobson/Jordan/ Harrison Schulz, 
Inc.—(713) 376-2368 
France: Francoise Teisseyre 
Paris—(1) 622 51 54 
West Germany and Austria: Franz Schrecklinger 
TMW Top Media Werbegesellschaft GmbH 
Frankfurt—(69) 726046 
Holland and Belgium: Adele Struyck 
Holland —(034) 04 23265 
Switzerland: Werner Stähli 
Agentur Iff AG 
Schaffhausen—(053) 45821 
Scandinavia: Andrew Karnig 
Andrew Karnig & Associates AB 
Finnbodavagen, 1, 131 31 Nacka 
Sweden-Telephone: 08 44 00 05 Telex: 17951 
Japan: Mashy Yoshikawa 
Orient Echo Inc, Tokyo—541-4923 
Australia: Gus Bartel & Associates 
PO Box 1755, 
Southport, Queensland 4215—(075) 466 577 


Nature® ISSN 0028-0836 
Registered as a newspaper at 
the British Post Office 

1984 Macmillan Journals Ltd 


Vol.310 No. 5979 23 August 1984 











NATURE VOL, 310 30 AUGUST 1984 


COOLING FLOWS IN 
CLUSTERS OF GALAXIES 


The Fornax cluster of galaxies. Many clusters are now 
known to contain gas which, having cooled with respect 
to the hot outer gas, flows inwards towards the centre of 
the cluster to play an important role in the formation of 
central galaxies, Experimental and theoretical aspects 
of cooling flows are reviewed on page 733. 
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¿3 Hap things gone as planned, the space shuttle Discovery would 
have spent last week in orbit with a most unusual passenger on 


e McDonnell Douglas Corporation, was to conduct a major test 
: the electrophoresis equipment which, his company hopes, will 
exploit the weightlessness of space to manufacture a very pure 
rmone for the treatment of diabetes. Although the precise 
nature of the experiment and the product remains a company 
ecret, it is viewed in industrial circles as the symbolic harbinger of 
crative space-based manufacturing industry which some 
: xpect to'earn $8,000 million a year by the middle of the next 
. decade. The technical failures that forced the National 
< Aeronautics and Space Administration (NASA) to postpone Dis- 
covery’s maiden flight therefore provide a salutary reminder of 
the difficulties that still lie ahead. 
Why salutary? Because the prospect of exploiting the special 
properties of space to make money has suddenly become 
intricately linked to the destiny of NASA, and therefore to the 
© future of the space programme itself. The commercialization of 
_ space is, after all, the principal element in the still fuzzy rationale 
or President Reagan’ s decision this year to bless NASA’s third 
eat adventure in space, the construction of a permanently- 
manned space station by 1992. To be sure, there are other 
- elements, such as the hope that the space station might become a 
| oway-station for man’s return to the Moon or for voyages to 
_ -odistant planets. There is also an argument —- promoted by NASA 
but belittled by the Pentagon — that a space station will enhance 
the security of the United States. But the argument that finally 
~won.the day for NASA was its contention that a space station 
would become, early in the next century, the cornerstone of a 
= visionary new manufacturing sector in which the United States’ 
> Jead could be made unassailable. 
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nvestment 
NASA’s triumph over the Pentagon, the Office of Management 
and Budget and the space science community, all of which 
; . opposed the space station, may well prove historic. It has long 
; been an axiom within the agency that without a major engineering 
challenge, such as the Apollo programme or the development of 
shuttle, NASA would be hard pressed to maintain its extra- 
rdinary:capacity for innovation. And inasmuch as space science 
( exploration depend on brilliant engineering, what is good for 
‘NASA is indeed good for the United States. But the successful 
_. political struggle for permission to build the space station has left 
NASA with an awkward legacy — a vested interest in persuading 
the administration and Congress, as well as the taxpayers of the 
United States, that investments in space can be made to pay for 
oo themselves. 

In the case of some kinds of investment, the proposition is self- 
< evident. The private sector has already successfully exploited 
_ what might be called the geometric properties of space, the ability 
of satellites at high altitude to link the Earth with line-of-sight 
messages. There are already so many civilian communications 
satellites i in orbit, generating more than $1,000 million a year in 
revenues, that some orbital slots in segments of the Equator are 
becoming overcrowded. Nor is there any sign yet of an end to the 
discovery of new commercial applications for such satellites. To 
ications such as. direct broadcasting will soon. be added the 


















Seeking a fortune in space 


The US Administration would have corporations look to Earth orbit for new technology. It) wi 
have succeeded only when companies are spending their own funds, not NASA’s subsidies. 


- board. Mr Charles Walker, not an astronaut, but an employee of 












development of cheap satellite telephones for countrie wi 
the hard-wiring infrastructure necessary for convent 
telephones. And the use of satellite-based navigation system 
as Geostar may soon be combined with the technology. of 
video-disc to provide motorists and sailors with a map displ 
their position to the nearest metre. 

The success of private communications satellites has. spa 
other profitable ventures in space, in the form. of 
industry for support services. They range from the dat: 
and analysis services which small specialized corporati 
consumers of Earth-observation photographs to. the 
interest of aerospace companies in building their own | 
vehicles and spacecraft to compete with the shuttle. In 
however, the pace of commercialization has been mod 
high development costs, and it is doubtful whether the pi 
sector can flourish without initial public subsidies, ‘ho 
indirect. Thus NASA is already being nagged by compani 
want to launch satellites on the US Air Force’s cast 
expendable rockets to raise its price for shuttle rides. 
seven companies that have asked to take over the United $ 
Landsat remote-sensing satellites will do so only if they are s 
sidized for the several years it will take them to nu 
worthwhile market. 

















































Space factories 
Making things in space and bringing them back to Eart 
another matter altogether. A factory 200 miles above the E 
would, it is true, enjoy the advantages of unfiltered solar 
tion, a near-perfect vacuum and the almost total absence of 
ty. The effects of convection, sedimentation and h 
pressure, which complicate terrestrial manufacture, cou 
avoided. The containerless manipulation of molten substan 
held together by their own surface tension, holds out the 
of eliminating impurities and geometric imperfections 
space-based products now being explored by many com 
range from pure pharmaceuticals to space-grown mercury. 
mium telluride crystals that can be used in sensor arrays 
military applications. 
But disadvantages abound. The cost of getting equipmen 
space and returning products to Earth makes space the la 
one would choose to manufacture anything if an alternativ 
available. Although these costs can be expected to fall as |; 
technologies mature and competition between the shuttl 
Ariane sharpens, last week’s failure of Discovery suggeststh 
cess will be gradual. Meanwhile, whatever is manufacture: 
space must be sold at an alarmingly high price — be 
$100,000 and $1 million per kilogram, according to a recent st 
— if it is to pay for itself. That imposes severe limits on the k 
of products worth exploring. A miracle cure forcancer ordi 
would find buyers at any price, but the demand for. most 
dustrial components, even in electronics or speciality materials, 
exquisitely price-elastic, particularly if large volumes are rı 
quired. : 
There is a second constraint. Until the Space station is built, or 
some of the commercially developed free-flying platfor 
become available, industrial endeavours must dependon. 
shuttle. That means. that companies must make do. with 
maximum of ten days in orbit and only five kilowatts.of powe 






















































ow g crystals, call for long periods ina stable environment. 
at so many companies have nevertheless been prepared to 
riment may testify less to their faith in the future of space 
nufacturing than to the alluring incentives — ranging from 
huttle rides to access to NASA laboratories — that they are 
offered. 

f NASA has its way, these incentives will grow. A report on 
se commercialization being mulled over in the White House 
s that the hoped-for private sector investment in space will not 
erialize without a massive subsidy in the form of tax credits 
risk-sharing agreements. Both NASA and the aerospace 
try, however, have a strong vested interest in making the 
of space manufacturing look as rosy as possible. Whether 
are any real grounds to expect a fair return from a massive 
¢ investment is another question. E 


Weapons in space 
"he Soviet and US Governments should return 


o private diplomacy over space weapons. 

N the future of the world may seem to hang on the con- 
tion at a White House barbecue between Mr George Shultz, 
US Secretary of State, and Mr Anatoli Dobrynin, the Soviet 
ibassador to Washington, the time has surely come when 
inary mortals may wonder whether it is not high time that 
‘ermments conducted their affairs professionally. Hopefully, 
ie have been surmising that the two men were trying to make 
f the latest misunderstanding between the Soviet Union 
he United States on arms control. The Soviet Government 
sued an invitation to a conference in Vienna in September to 
Gtiate a ban on weapons in space, the United States had 
licated its swift acceptance with the statement that it would 
to. talk about nuclear weapons as well, the Soviet Union had 
cused its opposite number of not being ‘‘serious’’ and the 
ssibility that talks might take place was once more up in the air. 
Whether Shultz and Dobrynin were trying to sort out the muddle 
r merely planning a fishing trip, time will no doubt tell. 

he charge that both governments are behaving unpro- 
‘ssionally is true in the particular sense that they have fallen back 
A the use of public statements to the international press for doing 
hat ambassadors and other diplomats are employed for. For the 
i several years, negotiation by press release has been a constant 
‘ce of trouble. The Geneva talks on nuclear weapons of 
nediate range, which began with both sides taking trappist 
, were quickly undermined by the publication of 
otiating positions’? which, once public, ceased to be 
ble, That illustrates the most persuasive reason why 
matic negotiations should, to begin with, be private. 
ther is that negotiation by public statement entails attempts 
apture public support which, if successful, anger the other 
This is nicely illustrated by last weekend’s fracas. 

ie substance of the argument between the Soviet Union and 
nited States on space weapons is likely to be hopelessly 
‘ured by these events. Two kinds of weapons are involved — 
ices for destroying predictable Earth satellites (now almost 
ities) and more futuristic star wars weapons, meant for 
troying warheads. The case for banning both kinds of systems 
raightforward — their deployment by one side would give the 
er the sense that the strategic balances had become dis- 
‘antagéously inequitable. But could such an agreement be 
d? That is what the US Administration has been asking, 
perly enough. The simple answer is that, within reasonable 
ts, it is. The simplest way of arranging this is to require that 
side should tell the other the purpose of all rockets fired in 
away as to carry objects into orbits about the Earth or above 
titude of, say, J00 km. That sometimes they would find 
msalves. acknowledging that many Earth satellites have a 
len function would be no surprise, and an uncovenanted 
benefit of agreement. Why not try that? G 





with periodic bumps as the shuttle is 
oe vred, whereas most space-marfufacturing processes; such- 
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public 
The British Government should revise its policy - 


for selling off public enterprises. 
THE British Government, wedded since its election five years ago. 
to the disposal of the publicly-owned commercial corporations.” 
acquired by its predecessors, should be given pause by the latest 
debacle in its flirtation with the London stock markets. Last 
week, the sale of shares in a company called Enterprise Oil, 
cobbled together from the interests which the nationalized gas. ; 
industry had over the years acquired in the North Sea, turned out 

to be a flop. Three-quarters of the shares were left with the. 
merchant banks which had guaranteed the government the pro- 
ceeds of the sale (in return for a fee). The government was further 
embarrassed when it came to light, late in the proceedings, that 
the multinational company Rio Tinto-Zinc had successfully bid 
for half the shares on offer. The government has promptly ruled Q 
that purchase invalid, incurring the wrath of the City of London © 
for seeming to change the rules half-way through the sales (which. 
allegation remains to be tested). i 

The following advice (which is free of charge) is offered to help 
the British Government to avoid similar troubles in the months 
ahead, when it is committed to selling off part of the nationalized 
automobile manufacturer (Jaguar cars), a telephone system 
(British Telecom) and possibly an airline (British Airways). 

The motive for the sale of these public assets is twofold. The 
British Government holds that enterprises which could be owned 
privately should not remain in public hands, but also needs the 
cash that the sale of these assets will bring to offset its budget 
deficit. Thereby it has created a dilemma for itself: the public <. 
interest requires that public enterprises should be shorn as far as 
possible of their monopoly rights before being sold off, but the — 
result is that they raise less cash when offered for sale. The 
problem is especially acute for the intended sales of the airline and 
the telephone company, where the government is directly in 
control of the monopoly rights the two enterprises will continue to 
enjoy. The other difficulty that has now come to light is more sur- 
prising — the government seems incapable of estimating 
accurately the price at which shares in public enterprises should be 
sold. Sometimes it underestimates what they will fetch (as with the 
sale of Amersham International two years ago) and is accused by 
its opponents of squandering public wealth. Sometimes it over- 
estimates (as with last week’s sale of Enterprise Oil) and is laughed 
at. The root cause of this practical problem is the ambition to sell 
in one operation either the whole of a publicly owned enterprise 
(Enterprise Oil) or roughly half of it (British Telecom). 

The solution of both problems, the conflict of interest and the 
pricing difficulty, should however be clear. Assessing the price’ 
that shares in a public enterprise will command on the private 
stock markets is necessarily difficult because, while the 
government remains the sole owner, stockbrokers cannot ‘‘make 
a market”. The way round that obstacle is to let shares dribble 
onto the market, not to unload them all at once. That, as it . 
happens, is how the British Government is used to selling the 
financial securities by which it funds its own borrowing. 
Following such a course in the sale of public enterprises would ` 
however sharpen the conflict of interest, for then the government .. 
would be conscious that every small regulatory decision about the 
telephone network or the nationalized airline would affect its cash... 
flow. t 
The solution is straightforward: transfer the shares in public: 
enterprises due for sale to the equivalent of a trustee of the public. 
interest, whose only function would be to sell shares toall who.are 
prepared to pay the going market price for as long as the supply __ 
lasts. The only possible objection to such a policy, that minority 
shareholds in a company are unduly at a disadvantage, could be = 
countered by requiring that the public trustee should scale down 
the voting of the shares still on his books so as to match the pro- 
portion in private hands. It is mystifying that a government that . 
claims to believe in the market should unimaginatively be trapped l 
by other people’s rules. 
















deals at last 


Washington 
THE Reagan Administration plans to re- 
vive six cooperative scientific agreements 
with the Soviet Union that the United 
_ States had allowed to languish in retalia- 
> tion for the Soviet invasion of Afghan- 
istan, the imposition of martial law in 
Poland and the shooting-down of the com- 
mercial Korean Airlines jet. 
The announcement came ina speech last 
eek to participants in a conference on US- 
Soviet relations in which Reagan attempted 
o walk a fine line — responding to the 
election-year issue of his administration’s 
ailure to ease tensions with the Soviets 
while at the same time reassuring the 
conservative faithful that he still believes 
he Soviet Union to be an ‘evil empire’’, as 
“he put it in an earlier speech. 
~ Reagan also announced willingness to 
re-establish cultural exchanges with the 
Soviet Union (“what would classical music 
be without Tchaikovsky”, he said) and 
raised the possibility of a joint US-Soviet 
space mission intended to develop rescue 
„techniques. An official of the National 
Aeronautics and Space Administration 
NASA) said, however, that nothing had 
yet done on “thrashing out the 
details?” of such a mission. 
The six scientific agreements that 
“Reagan referred to have never actually 
“expired: however, no new projects have 
been initiated since President Carter 
imposed a ban on high-level government 
contacts after the appearance of Soviet 
troops in Afghanistan in January 1980. 
: Previously planned activities, such as joint 
scientific projects, symposia and 
information exchanges, have continued, 
but obviously at a much slower pace. The 
Six agreements, all established during the 
period 1972-74, cover agriculture, health, 
artificial hearts, environmental protection, 
_ oceans and housing. A seventh existing 




























eagan to review lapsed 


visit to the Soviet Union by the academy’s 
president, Frank Press,-in the light of un- 
certainty over the fate of dissident Andrei 


Sakharov. Press had been urged not to go ` 


both by the academy’s members and, 
quietly, by the State Department and by 
presidential science adviser George 
Keyworth. Press said that the decision to 
cancel his visit was consistent with the 
situation at the time, and that the academy 
has consistently maintained the 
importance of keeping open lines of 
communication with its Soviet 
counterparts. 

Administration officials appear 
confident that the Soviets will go along 
with Reagan’s proposals on the 
cooperative agreements. So far, the only 
tangible action has been on the 
environmental agreement; at a meeting in 





Genetic engineering 
drei chorel ~ 


Washington 
THREATENED with becoming the next 
victim of Jeremy Rifkin’s litigious crusade 


















agreement, on atomic energy, was not 

‘mentioned by Reagan in his speech or in 
any background information provided by 
he White House. 

‘Four other agreements had earlier been 
allowed to lapse when they came up for 
renewal; these dealt with space, energy, 
transportation and an ‘‘umbrella’’ 
agreement for a series of workshops and 
studies administered through the National 
Science Foundation. It is considered not 
oincidental that these include areas in 
hich the United States has the least to gain 
hrough cooperative ventures, 

- Reagan’s effort to show his commitment 
o ‘better communications with the people 
and government of the Soviet Union” 
‘omes. only a few weeks after the National 
cademy of Sciences cancelled a planned 











against genetic engineering, Stanford 
University late last week decided to 
postpone a planned experiment in which 
genetically-engineered corn plants would 
be grown in a test plot. 

Stanford had earlier announced that the 
experiment, the work of Drs Ronald Davis 
and Virginia Walbot, was not subject to the 
injunction that halted the Lindow experi- 
ment on ice-nucleation bacteria (see Nature 
24 May, p.296), and that the corn experi- 
ment would proceed this summer. After a 
call from Rifkin’s attorney, Stanford 
changed its mind. The experimenters said 
they would voluntarily postpone the tests 
at least until next year, 

The experiment had been approved by 
the Recombinant DNA Advisory 
Committee (RAC) of the National Insti- 
tutes of Health (NIH) in 1981. The plants 
were to be grown on a test plot separated by 
a mile on all sides from other cultivated 
fields, and the corn tassels were to be 
bagged to prevent spread of the pollen. The 
experiment would use seed from parent 
plants that had been injected with a gene 
coding for the purple colour of Indian 
corn. The same experiments have been 
carried out in greenhouses. Unlike 
bacteria, corn is not self-propagating 
without human intervention and is not 
known to spread. 

The injunction blocking the Lindow 
experiment (until a trial on the merits of 
Rifkin’s challenge can be held) also 


rejuvenating the 
Environmental Committee; 
manages projects under the agreem: 
Ruckelshaus was named co-chairm: 
position that the United States has 
vacant since 1980. (The new-found ai 
did not, however, prevent So 
participants at the Munich meeting | 
claiming that US arms polic 
damaging the environment.) 
Action on the other five agreemen 
be taken ‘‘in the near future”, accord 
the White House. E 
Reagan’s proposals seem more a cha 
of degree rather than a new initiative. L 
level scientific contacts have continu 
along, even in areas where agreements 
expired. Soviet and US scientists last we 
for example, began a joint research c 
in the Pacific to study long-range irai 5 
of air pollutants; Soviet scientists: } 
regularly participated in US lunar 
planetary symposia, and recently pres 
results of the Venera 5 and 6 pl 





















































































Rifkin strikes at 





forbade NIH from approving other 






missions. Stephen Buc 







corn this tim 


federally-funded experiments involving | 
release of recombinant DNA to 1 
environment. Do 

The ruling was, however, ambiguou 
previously-approved experiments; it si 
NIH was enjoined from “approving ojl 
continuing to approve” deliberate-rel 
experiments. RAC has approved one oth 
federally-funded plant experimen 
Cornell University project involvin 
tomatoes) and one commercial proposa 
from Cetus Madison, which is not sub 
to the injunction. ee 

Rifkin’s legal argument is that NIH 
failed to prepare an environmental im 
Statement on the ‘‘programme’ 
deliberate-release experiments, ‘If: h 
successful in the trial, then NIH. wi 
forced to compile such a documen 
process that NIH officials say will tak 
least a year. 

Meanwhile, NIH director Jai 
Wyngaarden is expected to annoi 
shortly his agreement with Rif 
demand for ‘‘equal’’ treatment 
commercial and federally-funde 
proposals that come before RAC. ; 

The temporary injunction applied o 
to the latter, and at its 1 June meetin 
RAC approved two deliberate-relea 
experiments submitted by* priv 
companies. The effect of Wyngaarden 
decision may be to require a fo: 
environmental assessment for commerci: 
proposals, the requirement that Rifkin 
demanding in his fawsuit for federally 
funded proposals aad from which ‘cor. 
porations have been exempt. ae 

Stephen Budiansk 

































































































universities and research councils 
sul trying to count the likely cost of 
nged arrangements for the taxation of 
ing works that came into effect at the 
nning of June. 
nder new regulations announced by 
Chancellor of the Exchequer, Mr Nigel 
on, in his budget speech in April, the 
t of extensions or alterations to existing 
dings (but not the cost of new build- 
is subject to Value Added Tax (VAT), 
setat 15 per cent. On first estimates, 
cost to the research councils could 
unt to £1 million in the current 
nancial year, while universities face 
iditional bills of between £3 million and 
í million all told. 
Of. the research councils, the Natural 
Environment Research Council (NERC) is 
h the worst affected. The council is at 
ent negotiating with HM Customs and 
ise over how exactly the new rules 
ould be interpreted — it has already been 
yvarded one favourable decision — but 
ys that the VAT changes will cost it 

„O00 even if other decisions all go in its 
; if they do not, the cost will be 
¿five times as much. 
RC’s chairman, Sir Hermann Bondi, 
ritten to Mr Peter Brooke, Under- 
ary of State for Higher Education, 
ig for an assurance that the new VAT 
arges will constitute an admissible claim 
r supplementary grant. But Mr Brooke 
not so far given any such assurance, 
though it is understood that discussions 
being held with the Treasury over ways 
elp research councils. The Treasury, 
ever, is unlikely to want to establish the 
ecedent that public bodies can be excused 


he greater proportion of NERC’s VAT 
blems arise at one site, the new head- 
‘ters of the British Geological Survey at 
worth in Nottinghamshire. The 
dings are mostly conversions from their 
ious use as a college of education, and 
Keyworth site alone could cost NERC 
0 £380,000 in VAT payments. In this 
it is clear that building works would 
ive to be delayed. 
s if the VAT problems were not 
ugh, the British Geological Survey also 
rious problems with the landlord of 
Id London base in South Kensington. 
Property Services Agency of the 
partment of the Environment, which 
isters and maintains the building, 
presented NERC with a bill for 
,000 for back-payment on mainten- 
york, and estimates that maintenance 
in future cost £350,000 a year. Since 
NERC has been paying just £98,000 
‘ar for maintenance, and although 
back-dated incréase was expected, 
mount came as ashock. In addition to 
maintenance charges, rental on the 
ng has been increased from £350,000 














budget hits research councils 


to £500,000 per year. NERC is still 
withholding the maintenance back- 
payment and the rent increase in the hope 
of being able to negotiate a compromise. 
But the Property Services Agency appears 
determined to hold out for what it 
describes as ‘‘reasonable and realistic’’ 


| charges. The building is shortly to be 


transferred to the British Museum (Natural 
History). 

In comparison with these financial head- 
aches, the problems of the other research 
councils seem mild. The Science and 
Engineering Research Council says the 
VAT changes are likely this year to cost it 
£115,000, while the Agricultural and Food 
Research Council and the Medical 
Research Council each estimate around 
£200,000. Neither holds out much hope of 


any special allowance to recoup the cost. 





Soviet refusnik 


Dr Ephraim Katchalsky-Katzir, the Israeli 


| biochemist, who was one of the leading 


speakers at last week’s conference of the 
Federation of European Biochemical 
Societies, was last weekend unable to carry 
through his post-conference plans for a 
meeting with Jewish activists in Leningrad. 

The meeting was convened by Yakov 
Gorodetskii, one of the activists of the 
unofficial Leningrad Jewish Cultural 
Seminar. More than 80 refusniks (Jews 
deprived of their jobs after applying to 
emigrate to Israel and then refused a visa} 
arrived at the appointed place, bat Dr 
Katzir was unable to be present, being con- 
fined to his hotel room by members of the 
security police. 

Gorodetskii and his fellow activists in 
Leningrad had just issued an appeal to the 
British Foreign Minister, Sir Geoffrey 
Howe, to raise the issue of Jewish 
emigration during his talks in Moscow with 
his Soviet opposite number, Mr Andrei 
Gromyko. This may well have focused the 
attention of the authorities on the group. 

The current Soviet stance on emigration 
was spelled out in a TASS dispatch on 
Saturday concerning the Latvian Jew, 
Zakhar Zunshein, sentenced last week to 
three years’ imprisonment for “anti-Soviet 
activities’. Mr Zunshein’s five-year cam- 
paign for a visa was described as ‘‘insult- 
ing” to the Soviet Union, and he himself 
was described as ‘‘inhuman’’, since he was 
ready to ‘‘abandon his parents” by going 
to Israel, thereby, according to TASS, con- 
travening the Helsinki accords. 

From the Soviet point of view, the Katzir 
incident comes as a sad postscript to a con- 
ference that had been given priority treat- 
ment. The publicity build-up in the Soviet 
media was considerable, including a half- 
page article in Pravda by Academician 
Yurii Ovchinnikov. Vera Rich 
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their opposition to VAT changes. The 
University Grants. Committee, among y 
others, has been: petitioning the Treasury 
for some relief for universities, Some older 
universities will escape the new VAT if their 
proposed alterations are to buildings listed 
by the Department of the Environment as 
being of special architectural interest, but ` 
there is nevertheless anger than universities 
which tightened their belts and delayed 
building programmes during the major 
squeeze on universities three years ago are 
now being ‘‘penalized for good financial 
management’, in the words of Sir Alwyn. 
Williams, vice-chancellor of the University 
of Glasgow. Tim Beardsley 





European Community | 





| No decisions 


on research 


Luxembourg 

THE meeting of the research ministers of 
the European Community on 29 June fell a 
victim to the European timetable. It was 
too soon after the economic summit at 
Fountainebleau, which resolved the long- 
standing British budget problem, to. tell 
how much cash was available for the ama- 
bitious programmes awaiting decision, and 
too soon also to be able to define priorities. 

The programmes concerned include the 
stimulation programme, designed to help 
scientists to take advantage of all possible 
professional exchanges, whether 
multidisciplinary, multicultural or 
multinational; the BRITE programme 
(Basic Research in Technology for 
Europe), designed to help older industries 
to become familiar with innovative 
technology, and biotechnology, non- 
nuclear energy, radiation protection, reac- 
tor safety and fusion. 

At the end of the meeting, Vicomte 
Etienne Davignon, vice-president of the 
European Commission, said that there will 
probably be another research council 
meeting this month when ministers have 
had time for reflection. Officials of the 
Science, Research and Development direc- 
torate-general, putting a brave face on 
things, said that at least the past few years 
have seen almost unanimous support for 
the scientific content of new programmes, . 
and they have been better able to manage. 
their own budget. si 

Earlier in the week, however, the Com 
munities’ environment ministers had. bee 
able to decide that unleaded petrol will. 
come a little earlier than expected. On 24 
June, they agreed to the introduction of 
petrol without the anti-knock additive o 
before 1989. : 

The British Government has already an 
nounced a planned reduction of the level of | 
lead in petrol from 0.4 to 0.14 g per litre by 
the end of next year. 










David Price 
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rokyo . 
984 HAS turned out to be a year of high- 
“technology fever for Japan’s local govern- 
ments as they vie for new status as “tech- 
aa nopolises’’, “‘teletopias”” or “new media 

communities” 
°° The names, ‘coined from English words 
but already in common usage, will go to 
areas chosen in three large-scale govern- 
ment schemes for new communities 
centred on high-technology research or 
advanced telecommunications facilities. 
The technopolis scheme, run by the 
Ministry of International Trade and 
a Industry (MITI), has already chosen twelve 
; aras and will announce the last two this 
< Week. 

“The image of the technopolis, enshrined 
jn bill that shot through the Diet last year, 
 isofaset of new cities, each centering on an 
oasis of gleaming research institutes” and 
.  “eontaining separate areas for non- 
< polluting high-technology industries and 
-for housing which, set among green fields 
and rivers, will seem like paradise to 


































Motives for mobility 


EXPERIENCE with Tsukuba Science City, 
C% which is only a couple of hours from 
Tokyo, shows how reluctant people are to 
move to places without major cultural or 
educational facilities: Critics draw parallels 
between California’s ‘Silicon Valley” and 
Japan’s ‘Silicon Island” of Kyushu. 
«Silicon Valley has San Francisco and 
Stanford University nearby, and there has 
never been difficulty in finding bright 
young people for the new research and 
development laboratories. In contrast, 
Japan’s microchip production is concen- 
“trated in Silicon Island, but there has been 
little success in moving the research staff 
there — virtually all design work remains 
firmly in Tokyo. Industry is likely to be 
very cautious about breaking up the 
massive central research laboratories put 
‘ogether in the 1970s. 
Even so, MITI can already claim at least 
ne major success. What the technopolis 
sheme has done is to awaken regions far 
: rom Tokyo to the great importance of 
high technology in Japan’s future. It would 
be hard to find anyone in Japan nowadays 
who has not already absorbed the official 
view of the future: ‘‘smokestack’’ 
industries must inevitably pass to the newly 
industrializing nations and those already 
industrialized must forge ahead with 
knowledge-intensive industries supplying 
igh-value-added goods. 
| One consequence of the acceptance of 
is philosophy is the ‘relative ease with 
ich changes in industrial structure can 
made. Another is the enthusiasm of even 
note regions for high-technology 
jects. Alun Anderson 
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Tokyo’s rabbit-hutch dwellers. 

The essential requirements for a candi- 
date technopolis, as laid down by MITI, 
are plenty of space, a large ‘‘mother”’ city 
nearby and an easily accessible airport or 
major rail station that would allow the 


technopolitans to take day trips to Tokyo. , 


The new cities are intended both as pace- 
setters for the nation’s high-technology 
development and as magnets to move 
population away from Tokyo into regions 
where jobs for educated people have so far 
been scarce. 

The seductiveness of the technopolis 
image was quickly apparent: only one of 
Japan’s 47 prefectures failed immediately 
to designate a candidate region when the 
bill was passed. When the last of fourteen 
regions is chosen this week, MITI will seek 
to implement its promise to put the 
technopolis infrastructure in place by 1990. 
But is it all just a little bit too good to be 
true? Many in industry see failure, or very 
limited success, ahead. 

The obvious problem is familiar: where 
will the money come from? Because the 
plan envisages something very much more 
than just a Western-style ‘‘science park”, 
huge sums of money are necessary. 
Tsukuba Science City (see Nature 305, 378; 
1983), of which the technopolises are really 
just smaller versions, has already cost the 
government more than a million million 
yen (compared with a gross national 
product of around Y200 million million) 
since construction began in 1966. 

Tsukuba is huge, it has around 50 
institutes and 12,000 inhabitants. But 
although the average technopolis will be 
only a tenth of its size, it is unlikely that a 
technopolis could be built today for less 
than a quarter of that amount. But MITI’s 
budget for the whole scheme in this tax year 
is only around Y1,500 million — scarcely 
enough to buy the bulldozers. And with 
both central and regional governments 
already hopelessly in debt, there is little 
chance of sudden access to new funds. 
Instead, MITI is relying on industry and 
commerce to foot the bill, and is producing 
a package of new tax incentives and special 
low-interest loans which it hopes will 
attract high-technology companies and 
their research laboratories. 

Industrial critics hold that this will not be 
enough, and that there are other serious 
faults in the scheme. First, fourteen 
technopolises is just far too many — the 
number chosen represents the lobbying 
power of prefectural governments rather 
than any grand plan — two or three might 
have been more sensible. Second, virtually 
all of the sites have been chosen in under- 
developed regions of the country: three on 
the remote northwestern seaboard, eight 
on the southern island of Kyushu and the 
most southerly part of the mainland. How 
can good scientists and engineers be 





In the ‘prefectures and municip 
enthusiasm for the second of the 
schemes, “‘teletopia’’ (a brainchild o 
Ministry of Posts and Telecomm 
cations), has been even wilder. Som 
cities are competing for teletopia 
even though only ten at most will be 
this year. Unlike the technopolita 
whom access to airports and the a 
travel has been considered, the. tele 
should not have to leave their j 
screens. ; 

The ministry plans that each de 
should try out the fundamentals 
Information Network System (1 
Nature 305, 364; 1983). Each city 
its own local system designed. to 
special needs and those of its indus 
Each will at first build its own databas 
equipped with digital circuitry to mak 
data quickly available, have access to 
Captain system (videotext broadcasi 
telephone lines which provides every 
from weather forecasts and train: 
tables to cookery and Go lessons) and 
television, and be linked to value- 
network systems that will allow 
ferent kinds of computers to tal 
another. 

As the system develops, electron 
ping, banking, home tutoring (incl 
some regular schooling), medical diz 
and video conferencing will be 
available, together with advance: of 
networks that will link word process 
facsimile transmitters and multi-purpo 
copiers. 

At the same time, MITIis choosing seve 
“new media communities’), to [ 
announced at the end of this mont 
Already, some 135 applications have bec 
received. The scheme is on quite a smi 
scale and is designed to put new me 
principally Community Antenna ‘Tel 
vision (CATV), to work so that. infort 
ation retrieval, collection and n 
research will be possible. 

How far the three schemes: will 
successful remains to be seen. M 
officials, at least, say they will be pleased 
the schemes are a partial success a 
encourage communities outside Toky 
take up the high-technology gospel. Af 
all, MITI regularly publishes. repor 
entitled A vision, . . (as in A vision 
1980s) and feels that supplying a long-ter 
ideal for industry is an essential f 
step in steering the nation’s indus 
development. Alun Anders 









































































Nature Washington Offic 


STEPHEN Budiansky, Washington ci 
respondent since 1982, is Washingto: 
Editor of Nature with effect from 1 Jul in 
succession to Peter David, who will be t 
Washington correspondent of the 
Higher Education Supplement (London) 
Tim Beardsley is appointed Washingto 
correspondent from the same date. 


















































NEW “comprehensive programme’’ for 
ntific and technical progress is to be 


COW on 12-14 June. The summit, of- 
y the 38th (extraordinary) meeting of 


ssistance (CMEA), held out this new pro- 
ramme as a basis for developing a ‘‘coor- 
ed and, in some cases, a uniform” 
‘entific and technical policy, to provide 
Speediest solution through joint ef- 
8” of the most important problems of 
e and technology on ‘‘mutually ad- 
tageous terms’. A number of bilateral 
id multilateral cooperation agreements 
lin due course be drawn up to imple- 
ent the programme. 

Joint research ventures as a basis for in- 
legration of the socialist economies have 
mthe beginning been hailed as an aim of 
“omecon. Such projects have not always 
proved easy. In spite of frequent official 
lenials, there is a widespread belief in the 
uropean Comecon countries that the 
unior partners have had to bear far more 
an their fair share of the costs of the Jn- 
rkosmos space programme. Poland, with 
xtensive coal deposits, has no great en- 
jasm for the development of nuclear 
wer to which the Eastern bloc as a whole 


he strength of the Polish commitment 
‘uclear power has varied cyclically over 
(he years, seeming weakest at periods of 
litical ‘‘liberalization’’. Romania, with 
genous oil supplies, committed itself to 
ssive development of the petrochemi- 
ndustry — Mrs Elena Ceaucescu, the 
fe of the president, is herself a petro- 
eemist — and now has to import equip- 
t to meet a capacity which has proved 
necessarily large. The underlying fear, 
wong Comecon scientists, is that joint 
jects lead to the smaller members being 
igned the dull and routine aspects of 
, while the interesting and prize- 
inning aspects go largely to the Soviet 
n. 
‘practice, the complete integration of 
Comecon economies appears to have 
een indefinitely deferred. Speakers at the 
s conference which followed the sum- 
‘spoke of the “harmonization” of 
nomic policies. The real issue facing the 
mecon leaders (nine party leaders and a 
leputy for Dr Fidel Castro) was the pooling 
esources and efforts in various key 
reas; These include: energy production 
d use, including the ‘predominant 
lopment” of nuclear power stations 
the fuller utilization of non-conven- 
ional-energy sources; electronics, micro- 
Tocessors, computers and robot technol- 
gy; including the establishment of a 
nified component Pase” for electronics; 
pecialized chemicats, including plastics, 
chemital fibres, catalysts; ‘‘progressive 
hnologies’’ for food production; and 














omecon sets store i In science i 


specialized equipment for mining and civil 
engineering. In spite of the formal stress on 
science as well as technology in the official 
communiques, these documents only made 
the most oblique references to the research 
base, and there was no suggestion of 
building further joint research establish- 
ments in the tradition of the Dubna nuclear 
research institute or the high magnetic 
field/low temperature laboratory at 
Wroclaw. Vera Rich 





More on creationism 


Washington 

THE effort to repeal Louisiana’s creat- 
ionism-teaching law came to an end last 
week, for the time being at least. The state’s 
House of Representatives voted 61-26 
against the repeal motion, leaving intact 
the 1981 law requiring ‘‘equal time” for the 
teaching of evolution and creationism. The 
Senate had earlier approved the repeal 
motion by 21 votes to 16. 

Repeal proponents had been counting 
on at least tacit support from the state’s 
popular and flamboyant governor, Edwin 
Edwards, who has been trying to attract 
biotechnology companies to the state. In 
the end, however, Edwards was unwilling 
to help the repeal effort. Proponents say 
they were also hurt by a sophisticated 
advertising campaign that included the 
mailing to representatives of hundreds of 








telegrams, many apparently signed by 
persons of questionable existence, urging 
retention of the equal time law. 

The stage is now set for a legal challenge 
to the law to go to trial, perhapsin January. 
The American Civil Liberties Union, which 
won a similar case in Arkansas in 1982, is 





arguing that the law is an unconstitutional 
violation of separation of church and state. | 
Stephen Budiansky | 


, Ministry’ ’s fate 


in voters’ hands 


THE general election in Israel on 19 July, 
due to the collapse of the right coalition 
government earlier this year, will coincide 
with the second anniversary of Israel’s 
Ministry of Science — and may settle its 
future. The only minister so far, Dr Yuval 
Ne’eman, is not only a noted nuclear 
physicist but also a prominent politician 
with hawkish views on West Bank set- 
tlements and the campaign against ter- 
rorism, 

Since the right coalition government in- 
cluded, and to some extent depended, on 1 
the right-wing Tehiya party founded by Dr 
Ne’eman, some doubt whether the ministry 
would survive under a left coalition govern- 
ment. And although Mr Shimon Peres, the 
Labour-Alignment Party leader, has ex- 
pressed a strong commitment to science, 
that does not necessarily imply, Dr 
Ne’eman’s critics say, a commitment to a 
science ministry. 

Dr Ne’eman himself is convinced that the 
record of the past two years has clearly ` 
demonstrated the need for such a ministry. 
His office, he said earlier this month in Tel. 
Aviv, had helped with foreign relations in 
science and, in particular, with the setting 
up of bilateral international research and 
development agreements, which he had 
negotiated with his opposite numbers. 

During his two years in office, moreover, 
Dr Ne’eman says that he has been able to 
help prop up the tottering finances of the 
universities by supporting research in 
university laboratories — a not incon- 
siderable contribution, since at least twice 
during the past two years, there has been a 
serious threat that lack of funds would 
force the universities to close down. 

Now, the ministry has identified three 
main priority areas — information science 





AIDS 


Test companies chosen 


Washington 

THE companies selected to produce the 
diagnostic blood test for acquired immune 
deficiency syndrome (AIDS) have now 
been announced by the US Public Health 
Service (see Nature 14 June, p.577) and, as 
expected, are a mixture of the big and 
proven on the one hand and the small and | 
innovative on the other. The five are 
Abbott, Litton, DuPont, Travenol- 
Genentech Diagnostics and Electro- 
nucleonics. 

Each will pay the federal Treasury 5 per 
cent of net sales of the test kits, most of | 
which will be used to test the 12 million 
units of blood processed each year in the 
United States, 

The five companies were chosen from 
among some 20 applicants, which were 





| judged on their ability to produce virus, 


manufacture radioimmunoassays, dis- 
tribute and market test kits and apply 
recombinant DNA techniques. Each has 
been provided with a 20-litre sample of Dr 
Robert Gallo’s cell line, used to mass- ; 
produce the virus, and technical assistance. 
from Gallo. In return the companies. are 
subject to some unusual requirements, par- E 
ticularly regarding safety. Public Health 
Service inspectors will be allowed to ex: 
amine their safety practices at any time. — 
And the safety data that they must submit 
with their New Drug Applications — re- 


| quired by the Food and Drug Administration 


before the test can be marketed — will be 
pooled among all five companies, adeparture 
from the normal strict secrecy that surrounds 
proprietary data. Stephen Budiansky 















































and technology, for which a national com- 
ittee has been established under the chair- 
manship of Dr Yehuda Kela (chief scientist 
‘the Ministry of Communications), 
otechnology (on which a preliminary 
report has just been completed by a team 
“headed by Professor Ephraim Katchalsky 
‘Katzir) and technology specifically rele- 











vant to the Israeli environment (such as 
o>. solar energy, solar ponds and desalina- 
tion). Relatively little formal world plann- 


‘ing of this third sector has been done so far, 
but all three sectors are well advanced com- 
mercially. At this stage, Ne’eman’s 
ministry seems more concerned to give 
government approval (and possibly 


material support) to promising develop- 


ments than to initiate them. 

- This situation is doubtless temporary. 

“One of Dr Ne’eman’s first actions as 

Minister of Science was to set up (under his 

-own chairmanship) an Israeli space agency, 

: which initially coordinated research 
already under way at Israeli universities, 


-co But which afterwards began to initiate pro- 


“jects. One such is the recent agreement with 
=the United States for a large laser to be sited 
near Jerusalem for use in a bilateral pro- 
gramme on geodynamics (in conjunction 
with a satellite from the National 
Aeronautics and Space Administration) 
and which, when the satellite is not above 
the horizon, can also be used for 
meteorological and atmospheric pollution 
“studies. 
Dr Ne'eman seems a little dismayed that 
the Israeli press has, so far, almost entirely 
ignored the country’s space effort. Even 
ẹ political implications of Israel’s ap- 
plication to Intélsat for a position for a 
. geosynchronous communications satellite 
have made only a little impact although 
more than 30 overseas objections have 
been filed with the International Telecom- 
munications Union, mainly from the Arab 
bloc. 
~The only ‘‘scientific’’ problem which the 
media seem keen to raise with him is the 
question of a possible Israeli nuclear bomb. 
Here, however, Dr Ne’eman’s stance is un- 
hanging — between the ‘‘doves’’, who 
uld like Israel to sign the non-prolifera- 
ion treaty, and the ultra-hawks, who 
would like to announce a definite commit- 
ment to nuclear weaponry, Ne’eman 
elieves Israel’s best hope of keeping out of 
“a nuclear conflict lies in keeping the world 





"guessing about its nuclear capability. 


On the survival of his ministry, however, 
Ne’eman has recently received some 
coverage. Some three weeks ago the daily 
Ha'aretz acquired a leaked copy of a new 
report on science.and technology in Israel, 
“the first such document for fifteen years. 
Its predecessor, the Katchalsky report, led, 
among other things, to the establishment 
“vof chief scientists in all relevant ministries 

“sand also urged the establishment of a 
|. Ministry of Science, a suggestion rejected 
~by the then prime minister Ashkol as 





ee politically inappropriate at the time. 


_ The new report, drawn up by a commis- 














the Technion at Haifa, a former head of the 
atomié energy establishment at Soreq, also 
strongly supports the concept of a Science 
Ministry, leading to the Ha'aretz headline: 
“Science Ministry will not be abolished”. 


Israeli innovation 


sion headed by ofessor Shimon Yiftah of | 








Like its predecessor. hoever, t : 
conjmission can only recomm id 
compel government action. The Haa 
headline, however encouraging 
Ne'eman and his supporters, remains 
piece of speculation. 





Biggest science park so far 


Rehovot 

ISRAEL, which already has several 
flourishing science-based industrial parks, 
is to have its first fully-fledged science 
region. Although the project was formally 
approved by the government only last 
month, a number of companies are already 
operating. 

The area, to be called, with just a touch 
of hyperbole, Region 2000, is expected to 
transform the Western Galilee, a sparsely 
populated area hitherto mainly devoted to 
agriculture and tourism, into a thriving 
centre of high-technology industry. 

The scheme is the brainchild of 
Professor Ephraim Katzir of the 
Weizmann Institute, one of Israel’s leading 
scientists and its fourth president, who has 
long argued that with proper planning, a 
large number of entrepreneurs, scientists 
and technicians can be attracted to the 
‘unspoilt beauty of the Galilee’’. But not 
everyone is enthusiastic. Critics have 
pointed out that the existing science parks 
are all near well-established universities 
and research centres, which provide them 
with consultants, computers, libraries and 
other resources. None of these are readily 
available, they declare, in the Western 
Galilee. 

This has not deterred the Ministry of 
Industry and Commerce, which is closely 
linked with the Region 2000 scheme. A 
ministry spokesman points out that Israel is 
a very small country and that the Western 
Galilee is only about 50 minutes by 
automobile from the Haifa Technion. 
Moreover, he adds, Sophia Antipolis, the 
French science city, is much further away 
from established universities and research 
centres, but has nevertheless succeeded in 
attracting some 60 enterprises. Situated as 
it is on the Riviera near Antibes, it can offer 
lovely surroundings and a quality of life 
that is not available in the older industrial 
regions of France. 

The companies already operating in 
Region 2000 are chiefly offshoots of 
established science-based industries with 
headquarters in the crowded coastal plain. 
They include Elscint (diagnostic imaging), 
Elbit (computer-based systems) and Dand 
Iscar (jet engine compressor and turbine 
blades, as well as other hard-metal 
products). 

Smaller science-based enterprises are 
linked to rural settlements in the area. 
Among them are Me’ad Computers (a soft- 
ware house specializing in administrative 
and managerial systems) at Moshav Ya’ad 
and Biological Industries (where advanced 








i tissue culture techniques are used to'p: 


agate ornamental plants free of speci 
pathogens) at Kibbutz Beit Ha’emek. : 

The existing enterprises have now. 
joined by two plants connected. 
Rafael, the Defence Ministry’s we 
development authority, but only one 
these will be dealing with the developme 
and manufacture of arms — air-to- 
missiles. The other, run independent 
under the name of Galram, will work 
civilian products based on spin-offs. fro! 
Rafael’s military research and developmen 

Since existing and new enterprises . 
Region 2000 will need skilled manpowe 
high-technology vocational schools.are 
ing established to train thousands of 
Druze and Jewish youth; the J 
students, who will be accommodated | 
school run by the ORT organization 
include a large proportion of young peo 
from abroad. 

Economic incentives are offered to 
science-based industries in Israel bút; s 
Region 2000 is in Israel’s hinterlan 
incentives to companies setting up the: 
will be much more generous than: tho: 
given to companies that turn to -scien 
parks in Haifa, Tel Aviv or Rehovot.’ 

They will include cash grants and-16 
interest loans covering up to 75 per cen 
the investment in fixed assets, 50 per ce 
government cost-sharing for appro 
research and development projects, | 
interest loans to finance working ca 
for production, low rentals for indust 
premises, a seven-year tax holiday and ¢ 
30 per cent corporate taxes. There are i 
special provisions to protect equity agai 
the effects of inflation and devaluation an 
accelerated depreciation arrangements. S 
that equipment can be depreciated in fo 
years and buildings in five. noe 

To minimize initial investment cos 
even further, new enterprises will be ab 
obtain basic administrative services fro 
shared services centre. These include 
counting and financial services, secretari 
services, production of promotion: 
material, transport arrangements and cof 
puter and telex facilities. 

Israel already exports goods toa value of 
more than US$1,000 million’ a: year in 
sophisticated products based primarily o 
local research and development and, byt 
end of the, 1980s, according to: forecasts 
from the Ministry of Industry and Com 
merce, that figure “should rise to $5,000 
million. Whether orenot it does will:d 
pend, in no small measure, on the Succes. 
of Region 2000. Nechemia Meyers 





































































































+ Your correspondence columns have 
ecently attracted views on Indian science 

ym many well-intentioned scientists at 
me and abroad, but most contributions 
ve failed to evaluate the plight of Indian 
ence from the perspective of our socio- 
ral value system. Scientists are not dis- 
iated from the society in which they live 


ence is an intellectual, dynamic exer- 
yased on rationality, logic and objecti- 
It creates new knowledge which leads 
‘ogress in an atmosphere conducive to 
dependence of thought. No one can 
à sole proprietorship. On the other 
nd, our social values have been 
idalistic for ages, and give precedence to 
onality and myth over principle and 
mind. Sycophancy over competence is the 
eneral rule rather than the exception in 
ndia. Science cannot be conducted in soc- 
al isolation and vacuum, so finds itself on 
collision course with our social values. 
It was not until the late 1950s that India 
gan to build an infrastructure for ‘‘ex- 
rimental sciences’ under the national 
ence policy resolution mandate to 
ievescientific self-reliance for in- 
al development. Despite its meagre 
ns, India has invested heavily in this 
rise, yet in three decades, the overall 
urn has been small. Money is being spent 
the wrong places. 
tthe national laboratories, the quanti- 
of instrumentation and equipment may 
limited, but the quality is comparable 
with that of most Western laboratories. In- 
ian scientists abroad have proved to be 
imaginative and productive. Yet Indian 
cience has neither achieved international 
nition nor has it found profound ap- 
ation in solving national problems. 
f Prime Minister Mrs Indira Gandhi 
recently (Nature, 307, 4; 1984) quoted 
sking, at a meeting of directors of na- 
al research laboratories, that if there 
no hope of the situation improving, 
jt not time just to close them down’'? 
is. frustration is understandable. We 
e both qualified personnel and 
sources. What is lacking is the organiza- 
O guarantee an environment con- 
e to productivity. It is time not to 
se laboratories down but to rescue them 
yugh constructive changes. 
he universities are in desperate shape. 
lany of them are fast slipping to the status 
undergraduate colleges, so that many 


for postgraduate training. This has forced 
them to depend upon PhD students for 
research, while senior scientists are in 
arch of PhD students rather than doing 
ings themselves on the bench. The 
liversities need to be revitalized, to pro- 
de sound research fraining and to take 
this burden from the research institutes. 

‘The national laboratories should define 
eir goalsin more specific terms. A system 


eience in India discussed. 





arch laboratories have become places. 
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that assures personal independence and in- 
centive within broad objectives needs to be 
introduced. Mechanisms need to be 
developed to monitor individual produc- 
tivity, which must be rewarded in some 
manner within the means of the nation. 
Young Indian scientists established abroad 
should be attracted home to promote a pro- 
ductive scientific environment. Nothing 
has hurt the cause of Indian science more 
than the demoralization and repression of 
young scientists. The forces of feudalism 
continue to choke Indian science. The time 
is ripe for the political leadership to 
become sophisticated and assert itself. 
CHANDRA KANT MITTAL 
Department of Basic Sciences, 
University of Illinois 
College of Medicine, 
Peoria, lilinois 61656, USA 


Sir — The recent discussions in Nature on 
the state of scientific research in India 
sound like the familiar arguments between 
Indian-based scientists, who think they are 
the greatest patriots, and immigrant 
Indians, who think of themselves as better 
scientists. 

The first thing to realize is that science is 
universal and cannot be nationalized. 
Science and technology are relatively new 
in Indian society, which has nurtured arts, 
music and mysticism for hundreds of years 
in predominantly feudalistic environ- 
ments. Historically, scientific and tech- 
nological revolution have advanced hand- 
in-hand with the development of a free 
market economy by which the spirit of 
adventure and competition is usually 
rewarded. The adaptation of scientific 
research as a culture may be a painfully 
slow process in a country which is still 
uncertain as to the socio-political system 
that would work best in holding the 
country together and utilizing its limited 
resources. 

Second, the view that Indian scientists 
should concentrate only on problems 
relevant to the country is shortsighted. 
Teaching and research in basic physical and 
biological sciences has to be maintained on 
a firm ground for long-term gains. 

I recently spent a year at the Indian 
Institute of Science in Bangalore. This 
leading research institute maintains a 
university atmosphere with a great degree 
of intellectual freedom. My experience was 
not entirely discouraging. However, a 
general feeling of complacency about 
limited achievements, perhaps consistent 
with the fatalistic attitude ingrained in our 
culture, seems to be a major deterrent to 
progress. But there was great dynamism 
among certain individuals in some younger 
research units. A few scientists had used 
their past associations with good US and 
European laboratories to establish new 
techniques in their laboratories. 

In this connection (see Dr Majumdar’s 





wrong with abet ane from other 4 


(foreign) laboratories, which is a common | 
practice among laboratories in the United 
States. But it should not be a permanent 
excuse for not improving the poor state of 
the industrial infrastructure needed to 
support basic research. The Indian 
Government, for example, has not 
encouraged private enterprise within the 
country or from abroad to compete and 
produce quality chemicals. In an earnest 
desire to improve the quality of science, | 
however, the government has spent large 
sums of public money on a few national 
laboratories that have unfortunately been 
run more like bureaucratic offices than 
research institutes. 

The hue and cry about the brain drain @ 
has really gone a little too far. In this age of 
highly effective communication, no brain 
has to be lost to a particular country. The 


| Indian scientists working abroad can, and 


some do, help those in the country in small 

but useful ways such as with gifts of 

chemicals and new technical information. 

The fact is that our country is at present 

incapable of gainfully using all the 

immigrant brains if they were to return. 
GAUTAM SANYAL 

Department of Cell Biology, 

Mayo Medical School, 

Rochester, Minnesota 55905, USA 


Sir — I would be glad if you could rectify 
an erroneous statement made in your 
otherwise excellent survey of ‘‘Science in 
India” (Nature 308, 888; 1984). It is more 
accurate to say that Dr Kunthala 
Jayaraman is collaborating with the 
Laboratoire d’Enzymologie du CNRS at 
Gif-sur-Yvette, where the toxin gene has 
been cloned, and not, as written, in 
collaboration with ‘‘the CNRS laboratory 
near Paris’. Near Paris there are some 
forty or fifty CNRS laboratories. 

J. SZULMAJSTER 
Directeur de Recherche, 
Laboratoire d’Enzymologie du CNRS, 
91190 Gif-Sur-Yvette, France 


Sir —- Regardless of whether the roots of 
certain conceptual and practical pitfalls in 
the Indian system are derived from past 
British rule or are due to our ingrained 
tendency to blame the past rule when things 
do not work, it is clear that certain changes 
are necessary to eliminate impediments to 
efficiency and speedier progress. 

What is even clearer is that time is on 
India’s side and, given the present support _ 
and momentum, India is creating the right.” 
set of conditions to overcome these diffi- 
culties. Overall, your summary of Indian 
science is bound to have a positive impact 
on the system which has many achieve- 
ments to its credit — and a working 
telephone system should not be too far off. 

HARIHARA M. MEHENDALE 
Department of Forensic Medicine, 
Karolinska Institutet, 
S-104 01 Stockholm 60, Sweden 


































Patterns of developing embryos 


a The most important discovery this year (so far) is the recognition that genes controlling pattern 
-= formation in Drosophila have pieces in common with genes of unknown function in higher organisms 


THE geometrical regularity of living things 
has always been a source of wonder, some 
of. it frankly superstitious. The bilateral 
symmetry of leaves, the axial symmetry of 
many flowers and the complex geometrical 
<o Yegularity of insect eyes are among the 
+ common observations of the natural world 
“which, over the centuries, have excited 
speculation about the nature of the 
invisible hand that guides the development 
of living things. At the turn of the century, 
-D'Arcy Thompson (in Growth and Form) 
"Managed an evocative celebration of the 
‘symmetry of living things without falling 
“into this trap, Since then, embryologists 
have sought in vain more objective 
explanations of the patterns on which 
living things develop. Now there is a 
sporting chance that the search is at an end. 

The importance of the two articles 
appearing in this issue (pp.25 and 70) and 
sa Of two just published in Cell is assessed 
<-coverleaf by Dr Gary Struhl. What follows 

_is meant.as a-plain man’s incautious guide 

- -to what is certain to be a continuing source 

_- of high excitement in the months ahead, to 

Judge both from the flood of articles now 

= joining the queue for publication and the 

unmistakable inherent interest of those 
now published. 

The new development is yet another 
vindication of Drosophila geneticists, their 
frequent whimsy notwithstanding. (The 
dominant mutation Antennapedia, from 
the Latin words for antenna and foot, gives 

’ a fruit fly a pair of legs instead of antennae, 
perhaps because some geneticist did not 
-know how to decline crux.) The one chiefly 
‘responsible for the foundations of what 
has now been done is Edward B. Lewis of 
‘California Institute of Technology, who by 
years ago had shown that some of the 
nes that control development in 
Drosophila are both functionally and 
“physically a complex. Functionally, a 

mutation of one gene will lead directly to 
some abnormality but will also affect the 
expression of other genes in what appears 
to be a hierarchy. Physically, the genes are 
a complex in that they lie close together in 
chromosome 6 — more accurately, they lie 
in two clutches. 
«>, The classical analysis of the genes that 
--e¢ontrol the development of Drosophila is 
= nevertheless complicated enough (see E.B. 
"to Lewis, Nature 276, 565, 1978), simple 
though the animal itself may be. 
Drosophila is built on the simplest 
principles. The larvae and the adults 
onsist of twelve compartments — a head 




















(at the front), three thoracic (chest) | almost from the outset. 


segments and ten abdominal segments. 
Each segment develops autonomously 
from the point in the development of the 
fertilized cell at which segmentation first 
becomes apparent. That the development 
is genetically controlled — not an obvious 
conclusion -— is proved by the recognition 
that mutations of the development genes 
can make development abnormal. 
Autonomous development in Droso- 
Phila is carried to extremes. Each of the 
twelve segments of a Drosophila larva 
carries inside itself a mass of tissue (called 
the imaginal disk) which is destined to 
become the corresponding segment of the 
adult fly at metamorphosis. Mutations of 
the development genes will be evident in the 
bizarre shape of the adult. So the destiny of 
the cells in each of the twelve com- 
partments must be embodied in them 





Aegean celebration 


Kolymbari (Crete) 
WALTER Gehring and Matthew Scott 
presented their groups’ data on the 
‘*homoeobox”’ at a meeting last week at the 
Orthodox Academy here. The meeting, 
one of a biennial series of the European 
Molecular Biology Organization (EMBO) 
workshops on the genetics and biology of 
Drosophila, will be reported in more detail 
in forthcoming issues of Nature. It seems 
clear that there is an exciting time ahead for 
developmental biologists of all persuasions 
if indeed it turns out that the genetic con- 
trol of development in vertebrates and fruit 
flies is similar, in principle if not in detail. 

Gehring’s group from Basel now has 
evidence for at least eleven copies of the 
‘‘homoeobox’’ sequence in the genome of 
Drosophila, but the signs are that the final 
tally will turn out to be less than twenty. 
Struhl points out (overleaf) that some 
copies of the homoeobox fall outside the 
bithorax and Antennapedia complexes, 
but this observation is not discouraging. A 
number of speakers reported on some of 
the other genes concerned with regulating 
development on which the new powerful 
techniques applied to homoeotic genes are 
being unleashed. Of particular interest was 
the report of Kathryn Anderson 
(Tübingen) that a gene called Toll encodes 
a product that has a crucial role very early 
in development in establishing the dorsal- 
ventral polarity of the embryo. 

Geoffrey North 











How is this done? These days 
obvious way to find out is to learn n 
about the DNA of which the developrr 
genes are made, This time last. yea: 
effort was well under way (see “Clor 
the genes that specify the fruit fly’’, ¢ 
North, Nature 203, 134; 1983). Now,-th: 
effort has borne fruit. There may be. 
views of the outcome: either it is sheer luc 
that what is true for Drosophila seem 
some sense also to hold for oth 
organisms, or this turn of events is anot 
illustration of the principle of parsimo 
ious natural evolution that if you co 
across a useful gene (histones and glo 
for example), you stick with it. 0). 

Meanwhile, there is certain to be 
further interest in Drosophila as p 
scour the animal for other regulatory. 

(see box). It seems at this stage to be 
that the genes now identified are concern 
with the specification of the form of 
organism, not with the differentiatio 
different functions in different. tissi 
(Each segment of Drosophila genera 
own nervous tissue, for example.) So 
hunt for the genes that control dif 
entiation will continue. So will that for 
understanding of how the developme: 
genes function. 

Others will inevitably be more concern > 
with the function of the genes marked t 
the distinctive piece in organisms. othe 
than Drosophila, Organisms which are 
so neatly segmented as Drosophila a 
greater challenge, but one that can no 
taken up with the techniques that havet 
developed in Drosophila. In ‘br 
embryologists have been unexpectec 
given a tool that will make the explorati 
of development in other organisms t 
more tangible than in the past, both i in 
cataloguing of crucial events in the col 
of the development of embryos andi 
specification of their timing. : 

The importance, practical as well 
abstract, of these opportunities needs litt 
justification, which provokes an ‘iron 
chain of speculation. In Britain, t 
Warnock committee is about to rec 
mend to the British Department of Healt 
rules for the use of early human embryos. 
research, with a time-limit (said to. be 
days from fertilization) for the duratio 
such work. Hitherto, embryologists. ha’ 
been hard-pressed to suggest wh: 
observations might *usefully be carrie 
out. That is no longer the case. : 
John Maddo 






































































4 to body plan? 
_ from Gary Struhl 


2p his treatise Materials for the Study of 
Variation’, William Bateson reformed the 
K sciences of embryology and evolution with 
a surprisingly simple idea. Recognizing 
that essentially all organisms are composed 
_ of orderly series of parts, Bateson pro- 
_ posed that chance deviations from the nor- 
‘mal series of parts occurring in diverse 
animal species might provide clues about 
"the ground rules governing development 
F and evolutionary change. Bateson’s insight 
_ effectively created a science of body pat- 
tern which has recently borne fruit in a 
= remarkable and unexpected fashion. In a 
series of molecular experiments, McGinnis 
al.? and Carrasco et al.’ have found that 
a DNA sequence common to several 
 homoeotic genes of the fruit fly Drosophila 
_ is also present in the genomes of a wide 
_ Spectrum of animals including annelid 
worms, frogs, birds, mice and man. These 
‘results suggest the exciting possibility that 
enes controlling the insect body plan may 
be homologous to a set of conserved func- 
- tions controlling the body plans of a wide 
‘ grenge of vertebrate and invertebrate 
The phenomenon of homoeosis was first 
Paetina by Bateson as ‘the assumption of 
one member of a meristic series of the form 
_ or character proper to another member of 
the series’. ‘Homoeotic mutations’ in in- 
sects characteristically result in the ap- 
parent substitutions of one or more seg- 
= ments by segments normally found else- 
where along the body axis. For example, in 
silk worms homozygous for the Æ" muta- 
tion, all of the abdominal segments of the 
ca terpillar develop incorrectly as leg- 
ng thoracic segments*. Homoeotic 
‘mutations therefore appear to disrupt a set 
_ of genes which normally act to control the 
particular form and cell pattern character- 
istic of each segment. The existence of such 
_ genes argues that the segments composing 
an insect’s body are interchangeable, their 
diverse forms and patterns representing 
elaborate variations on a common theme. 
Beginning with E.B. Lewis’s initial 
_ studies of the bithorax complex of Droso- 
_ phila®” , the evidence that homoeotic genes 
_ might contain an evolutionarily conserved 
component has grown progressively more 
compelling. Having discovered that several 
By Homocotic genes with closely related roles 
_ formed a tightly linked cluster or gene com- 
plex, Lewis proposed that these genes 
might have arisen as tandem duplications 
of a single ancestral gene. More recently, 
Tom Kaufman and cé&workers have pro- 
= vided evidence that several other homoe- 
otic geħes are similarly organized in a se- 
= cond cluster*, the Antennapedia complex, 


A piversal genetic key 


again suggesting a common origin for dif- 
ferent homoeotic genes. The isolation of 


"both the bithorax? and Antennapedia!®:'! 


complexes by recombinant DNA tech- 
niques immediately allowed for direct com- 
parisons of their molecular properties and 
in turn led to the finding that both com- 
plexes have very similar structures and 
transcriptional properties. For example, 
both complexes are very large (200-400 
kilobases) and give rise to unusually long 
transcripts (up to 100 kb) which are then 
processed to yield a number of different 





Legs replace antennae on the head of a 
Drosophila that has a mutation within a hom- 
oeotic gene of the Antennapedia gene com- 
plex. Some homoeotic genes of Drosophila 
have a short ‘homoeo box’ sequence that is 
also found in the genomes of worms, frogs, 
mice and man. 


messages. In addition, their transcripts 
first appear during the same early stage of 
embryogenesis (the cellular blastoderm 
stage) and are tightly localized to the 
primordia of particular segments'*'*, as 
predicted by previous genetic studies’. 
These close parallels suggested that the two 
complexes might themselves be homolo- 
gous gene systems having a common evol- 
utionary origin. 

In light of the many genetic and 
molecular similarities between genes of the 
bithorax and Antennapedia complexes, it 
may come as a surprise that no clear evi- 
dence of sequence homology was detected 
until the recent studies of McGinnis et al. '* 
and Scott and Weiner'*. The explanation 
appears to be that there are only a few 
regions of DNA homology within and bet- 
ween these complexes, and these regions 
are quite small (180 base pairs). The prin- 
ciple results obtained in these studies can be 
summarized as follows. A common highly 
conserved sequence — the ‘homoeo box’ 
— is found near the 3’ end of the mature 
transcripts of at least two homoeotic genes 
of the Antennapedia complex and three 
homoeotic genes of the bithorax complex. 
This same sequence is also found at the 3 
end of the transcript of a sixth gene (fushi 
tarazu) which lies in the middle of the 
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Antennapedia complex, though this gene 
has a rather different role in the process of 
segmentation than the homoeotic genes ` 
surrounding it. Finally, only one or a few 
other homoeo box sequences have been 
detected in the rest of the Drosophila 
genome. Thus, the seven or so homoeo 
boxes found in the Drosophila genome 
comprise a coherent family of highly con- 
served DNA sequences most of which map 
to known homoeotic genes within the 
bithorax and Antennapedia complexes. 

McGinnis ef al.?, Scott and Wiener!* 
and Laughon and Scott!® (see page 25 of 
this issue) have determined the sequences 
of homoeo boxes found in both complexes. 
All have a common open reading frame en- 
coding a highly conserved and extremely 
basic polypeptide. Furthermore, as 
reported on page 70 of this issue by 
Shepherd ef al.'’, this polypeptide shows 
some similarity to polypeptide sequences 
encoded by two yeast mating-type genes 
and possibly to the DNA-binding domains 
of a few prokaryotic regulatory proteins'®. 
As discussed by both groups, these results 
suggest the possibility that the homoeo box 
encodes a conserved DNA-binding moiety 
which is tagged onto a diverse set of 
homoeotic gene products. This suggestion 
fits nicely with the early proposal of 
Garcia-Bellido'* that the principal role of 
homoeotic genes such as those of the 
bithorax complex would be to regulate the 
expression of large batteries of ‘realizator’ 
genes, thereby specifying segment-specific 
patterns of cell differentiation. 

The discovery of common homoeo 
boxes restricted to the two homoeotic gene 
complexes provides direct evidence that 
there is at least one evolutionarily con- 
served component of homoeotic genes in 
Drosophila. This conclusion becomes all 
the more significant in light of the dramatic 
discoveries of McGinnis ef al.? and Car- 
rasco ef al. that small numbers of homo- 
logous homoeo box sequences are present 
in the genomes of a wide spectrum of seg- 
mented animals ranging from worms and 
insects to frogs, chickens, mice and man. 

Perhaps the most exciting way to inter- 
pret these results is in terms of the apparent 
correlation between segmentation and 
homoeo boxes. All of the animals that ap- 
pear to contain homoeo boxes pass 
through a developmental stage when the 
body is composed of a linear series of 
segmental units. For example, all verte- 
brate embryos form a reiterated pattern of 
somites from which the basic meristic 
organization of the skeleton, nervous sys- 
tem and musculature is ultimately derived. 
We know already that homoeo boxes in in- 
sects are part of the mechanism that con- 
trols the diversity of segment types. Hence, 
their homologues in vertebrates might 
serve a similar function in controlling 
diversification of the embryonic somites. 

If correct, this possibility may prove to 
be a major breakthrough in understanding 
vertebrate development because it means. 
that many of the principles which govern 


evelopment of insect segments might 


“direct. counterparts in vertebrate 
tems. For example, segments in insects 
are developmental compartments!*!?: 
‘each arises as a group of blastoderm cells all 
“Of whose descendants form a precisely 
defined portion of the larval and adult 
“body. Segments are also the precise realms 
‘of action of particular homoeotic genes 
--such as those of the bithorax and Anten- 
napedia complexes. This intimate correla- 
tion between cell lineage and homoectic 
gene action has led to the proposal that the 
insect body pattern is initially determined 
by the irreversible activation of particular 
homoeotic genes in the founder cells of 
each segment. Accordingly, all the descen- 
dant cells inherit the same pattern of active 
fomoeotic genes and hence form a 
olyclone with a common ‘genetic 
‘address’*° | 
The discovery of vertebrate homoeco 
axes now allows us to apply this ‘selector 
- gene’ or ‘compartment’ hypothesis directly 
-tò vertebrates because it predicts that at 
least some of the vertebrate homoeo box 
sequences will belong to homoeotic genes 
like those of the bithorax and Anten- 
napedia complexes. Thus, we can ask 
whether these genes function in discrete 
subsets of somites, and even whether 
somites themselves are developmental 
compartments. Depending on the success 
of this approach it may be possible to ex- 
tend the analysis to earlier developmental 
events, such as those responsible for speci- 
ing the correct-number or sequence of 
segmental units in:the early embryo. Here 
again, much of whatis already known from 
genetic studies in insects may be directly ap- 
plicable to vertebrates. Indeed, we can now 
test whether at least some of the many 
genes which govern these processes in 
Drosophila may have homologues in 
vertebrate systems. 
Despite having described many examples 
“of homoeotic variations in man and other 
vertebrates, as well as in arthropods, 
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Bateson stressed that the meristic organiza- 
tion of vertebrates and invertebrates might 
represent analogous rather than homolo- 
gous solutions to organizing the body plan. 
Indeed, he argued strongly from embryo- 
logical data that arthropod segments and 
vertebrate somites had evolved indepen- 
dently. The existence of homoeo boxes ina 
wide spectrum of segmented animals does 
not, in itself, resolve this issue, though it 
does argue strongly for at least one close 
evolutionary link. What is perhaps more 
important, however, is that the discovery 


Atmospheric chemistry 





of homoeo boxes provid 


well as a method for looking for 

gous functions controlling the 

ment of diverse animal forms. By ider 
ing, comparing and contrasting the role: 
such functions we may well gain insi 
into the general principles which gov 
development and evolution. 


Gary Struhi is in the Department of Bioch 
istry and Molecular Biology, Ha 
University, 7 Divinity Avenue, Camb 
Massachusetts 02138. 


Henry’s Law confounded 


Jrom Peter Brimblecombe 


KNOWLEDGE of the solubility of gases in | stant of ammonia implied by at osphe: 


aqueous solution is required for a wide 
variety of environmental calculations. 

These include the estimation of the rate of 
gas exchange across the air-sea interface 
and the efficiency of scavenging by rain- 
fall. Ammonia is the most abundant 
alkaline gas in the atmosphere, so some of 
the interest in its atmospheric chemistry is 
related to concern over acid rain. For a 
number of years authors have drawn atten- 
tion to a surprising disagreement between. 
the predicted concentration of ammonia in 
rain and that which is actually measured. 
Lau and Charslon (Atmos. Environ. 11, 
474; 1977) suggested that the discrepancy 
could be as large as three orders of 
magnitude, implying that the solubility of 
low concentrations, of ammonia in water 
might be very much lower than originally 
thought. Recently, Ayers etal. (Tellus 36B, 
85; 1984) have returned to this nagging pro- 
blem. 

Gas solubilities are frequently published 
in terms of the constant of proportionality 
which relates the partial pressure of the gas 
to the amount dissolved. This derives from 
a relationship published by William Henry 
in The Philosophical Transactions of the 
Royal Society of 1803. One of Henry’s con- 
cerns had been to disprove Dalton’s Law of 
Partial Pressure. Much to his own surprise, 
he actually confirmed it and at the same 
time discovered the law which now bears 
his name. Henry’s Law holds in many 
dilute solutions and is considered to be 
obeyed in all solutions at infinite dilution. 

The history of deviations from Henry’s 
Law is a lorig one. Deviations in the 
behaviour of ammonia were observed as 
early as 1860 when Roscoe and Dittmar 
found that its aqueous solutions did not 
obey Henry’s Law below 60°C. The reason 
for this discrepancy arises from the 
equilibria that follow the dissolution of 


ammonia in water. That problem is easy | 


enough to resolve: once the effect of 
hydrolysis is taken into account, the 
solubility of ammonia agrees with the 
theory. 

The large errors in the Henry’s Law con- 





measurements prompted a 
Drewes to redetermine the solubility o 
monia in aqueous solution. (Atmo. 
viron, 13, 635; 1979). Their measureme 
were made at extremely low concentra’ 
where behaviour should follow. Henr 
Law very closely. In distilled wate 
was broad agreement with earlie 
minations, but the experiments showe l 
unexpected dependence of am 
solubility on carbon dioxide concen 
that is difficult to explain. And there s 
to be other very odd things abou 
dissolution of ammonia. P.W. Balls ( 
Thesis, Univ. East Anglia; 1980) 
number of measurements of the rate 
dissolution of ammonia in aqueous so! 
tion. The results, he decided, coul only 
explained by assuming that the li 
boundary layer had a seemingly i possi 
negative resistance. 

While experiments of these types leave 
with the impression that there is much 
is still very confusing about dilute aqui 
solutions of ammonia, they also show t 
there is nothing to suggest that the old 
values for the Henry’s Law constant of a 
monia are wildly in error; at least noth 
as large as the thousand-fold difference 
plied by the concentrations of ammo 
found in rainwater. 

In an effort to resolve the prob 
Ayers et al. have repeated the atmos oh 
measurements, taking particular cari 
determine the ammonia concentrati 
simultaneously collected air and rainwat 
samples, although the low atmosphi 
ammonia concentrations necessita 
sampling times that were often coi 
siderably in excess of the duration of rai 
fall. Once again the relationship betw 
gas- and liquid-phase concentrations: wi 
not described by Henry’s Law and ag: 
was the concentrations in the liquid pha: 
that were lower than expected. The autho: 
leave us with two possible explanation: 
either the Henry’s ‘Law constant obtain 
in laboratory studies#s inappropriate in the 
atmospheric context; or the gas and liquid 
droplets were not in equilibri 






























re seems to be ‘ghother possibility, 
jowever, namely that the ammonia con- 
trations measured are not represen- 
ative of the gas-phase equilibrium concen- 
rations. Bowersox and de Pena (J. 
Ophys. Res. 85, 5614; 1980) have em- 
asized that ammonia is so soluble under 
PH conditions encountered in atmos- 
eric precipitation that the gas partitions 
nost completely into the liquid phase. 
ismeans that measurements of gas- 
> ammonia, which have mostly been 
e when it is not raining, may vastly ex- 
ate its concentration during rainfall. 

our own approach, George Dawson and 
have chosen to use a partition equilibrium 
o allow for this; we predict that pH should 
have no effect on dissolved ammonia con- 
entration in rainwater, while the conven- 
onal use of Henry's Law implies an in- 
rease with decreasing pH. 


What appears to be significant is that the 


discrepancy betweew predicted and 


measured concentrations of the dissolved 
gas in rainfall arises with a gas whose 
solubility is extremely high; so high, in fact, 
that under normal cloud conditions it will 
reside predominantly in the liquid phase. 
This is true of very few gases, because the 
volume of liquid water in clouds is usually a 
million times less than that of the gas 
phase. Hydrogen chloride, hydrogen 
peroxide, nitric acid and sulphuric acid are 
other important atmospheric trace consti- 
tuents that are soluble enough to partition 
almost completely into the liquid phase. It 
remains to be seen whether their concentra- 
tions in rain are also much lower than those 
predicted by the direct application oF 


Henry’s Law. G 


Peter Brimblecombe is in the School of En- 
vironmental Sciences, Unversity of East Anglia, 
Norwich NR4 7TJ. 

















































lant ecology 


mA. J. Richards 


BLAZING controversy is best fuelled by a 
k Of good data. Crosby’s discovery of a 
pollinating self-fertilizing primrose 
§ accompanied by the contentious claim 
hat the variant would spread rapidly 

‘ough southern England because of the 
idvantage that selfing seems to offer 
(based largely on observations of labor- 
tory plants) in terms of the number of 
eds produced per plant. During the sub- 
uent decade it became evident that no 
such takeover was occurring; if anything 
he variants were retreating. Walter 
mer (now Director of Research for the 
mperial Cancer Research Fund) noted 
no Somerset primrose population had 
than 80 per cent of the variant form, 
in’ most the proportion was much less 
redity 12, 363; 1958), This raised the 
on of the real extent of cross- 
tilization in the variants. It is on this 
int. that good data (but not futile argu- 
nents) have been lacking but are now pro- 
by Piper etal. on page 50 of this issue. 
he variant primroses are homostyles: 
“ir stigma-bearing styles are all of the 
ame length and surrounded by the 
thers, in contrast to the usual heterostyle 
imroses, composed of ‘pins’ — in which 
he stigma is above the anthers — and 
thrums’, in which it is below them. 
mer argued that despite the proximity 
stigma and the anthers in homostyle 
roses, up to 80 per cent of outcrossing 
nto homostyles could occur during the 2.5 
y protogynous phase of each flower, 
yhen its stigma is receptive but its anthers 
not ready to rélease pollen. This 
rkable statemeft was based entirely 
he proportion of pin seedlings (ss) 
sing from homostyle heterozygotes (S“s) 











he sex life of primroses 


cultivated in a plot containing only homo- 
styles, some of which were homozygotes 
S» S+, A deficiency of pin seedlings from 
the expected 1:3 was explained by the 
assumption of high levels of outcrossing 
with S* pollen. 

If Bodmer was correct, such high levels 
of outcrossing would discourage the spread 
of the $* chromosome in wild populations. 
Crosby’s model had assumed that homo- 
style mothers were entirely selfed, and that 
homostyles also randomly competed with 
thrums as male parents. 

Crosby countered Bodmer by showing 
that controlled selfs from known homo- 
style heterozygotes, Ss, produced a 
deficiency of pins, apparently due to their 
lower viability (Heredity 13, 127; 1959). He 
also produced estimates of outcrossing 
from artificial populations with open 
pollination, and from seedlings derived 
from wild populations, which indepen- 
dently suggested outcrossing rates onto 
homostyles of between 5 and 10 per cent, 
sufficiently low to encourage the spread of 
the homostyle chromosome. Crosby sug- 
gested that the reason why the homostyle 
chromosome did not spread was not 
because of high levels of outcrossing, but 
because the viability of homostyles was 
only 65 per cent of that of heterostyles. 

The trouble is, neither Crosby nor 
Bodmer studied outcrossing rates onto 
homostyles of primroses in the wild; they 
did not investigate pollen loads on stigmas; 
they did not use unbiased marker genes, 
independent of the breeding system; they 
did not even test the supposedly greater 
fecundity of wild homostyles. In the 
absence of such basic facts, Crosby's 
elegant model is no more than stimulating, 








and Bodme progenies rrelevant to 

field situation. Now, after a lapse of a.s 
quarter of a century, John Piper, Brian 
Charlesworth’s student at the University of 
Sussex, has produced field data relevant to 
this much-discussed problem. 

At last we know that homostyles in the 
field really do produce more seed than 
heterostyles: 65 per cent more per plant, or 
62 per cent more per flower, on average. 
Whether this seed is as viable, or the 
seedlings as fit as those from heterostyles 
remains to be determined. Is it possible that 
the more plentiful better-filled capsules of 
the homostyle even constitute a dis- 
advantage in mixed populations, by 
presenting a more rewarding target to pre- 
dators? 

At last we know that the load of selfed * 
pollen on homostyle stigmas is massively 
(35 times) greater than that of thrum pollen 
on pin stigmas — enough, it would seem, 
comfortably to account for very high levels 
of selfing. It is worth noting, however, that 
the average pollen load on the homostyle 
stigma is 20 times greater than that needed 
to fertilize all the ovules in a flower. If we 
accept that thrum-type pollen loads onto 
pins can be used as an estimate of crossed 
loads onto homostyles, then there is 
enough crossed pollen to fertilize about 60 -- 
per cent of homostyle ovules. If this” 
crossed pollen reaches the stigma while the’ 
flower is still in the protogynous phase, as 
Bodmer suggested, it may outcompete the 
large quantities of pollen which are auto- 
matically selfed onto the homostyles as 
soon as their anthers mature. 

There is another faint worry; many 
visitors to Primula are pollen feeders and 
the homostyle and the thrum present their 
pollen more obviously than does a pin 
flower and so may be more attractive to 
visitors. Thus, comparisons with pin 
flowers might underestimate the amount of 
cross-pollination that takes place onto 
homostyles. 

Piper et al. also provide independent 
gene markers to estimate the actual genetic 
effects of the different breeding systems. 
Although only two markers are used, the 
results are remarkably consistent with each 
other. (There is an unspoken assumption 
that the allozyme bands in these systems are 
allelic with respect to each other, and are 
selectively neutral.) 

Populational substructuring is caused by 
pollen and/or seed travel which is limited in 
extent and thus non-random within a total 
population. However, Piper ef ai. discount 
this as a factor that might lead to an over- | 
estimate of inbreeding. In the related, and: 
much more efficiently pollinated, cowslip 
(P. veris), gene travel within the population 
is distinctly limited (Richards, A.J, & 
Ibrahim, H. in The Pollination of Flowers 
by Insects ed. Richards, A.J., Academic 
London; 1978), It would be surprising if 
this were not also the case in the primrose. 
Thus, the estimates of selfing reported by 
Piper et al may be exaggerated. It is 
notable that the heterostyle figures for s do 


not reach zero (0.06 and 0.20), although 
he heterostyle primroses are probably 
totally self-incompatible, and completely 
cross-fertilized. If limited gene flow has 
resulted in this slight inbreeding, then per- 
haps the homostyle s figure of 0.99 is also 
too high. After all, it is levels of selfing, not 

‘levels of inbreeding, that are being 
investigated. It is always tempting to use 
dsozyme data from populations to 

characterize the breeding system, not the 

= genetic effects of the breeding system, but 
` this can lead to circularity. 

_ In the case of a few organisms, an 
irresistible invitation to investigate the 
complexities of organic evolution seems 
almost God-given. Like Drosophila, 
_Cepaea, Papilio or phage, the pin/thrum/ 

f Miomostyle system in Primula has attracted 

string of evolutionary geneticists; their 
es read like a roll of honour for the 
nee: Darwin, Bateson, Gregory, 
Haldane, Fisher, Mather, Ford, Dan 

... Lewis, Darlington. Although there is still a 
“great deal more to learn, it now seems that 


= = Crosby is largely vindicated; homostyles do 


largely self, and they do set more seed than 
heterostyles. So why have they only estab- 
lished themselves in Somerset and the 
Chilterns and why don’t they succeed 
better there? Is it a lack of genetic 
variability? Is it inbreeding depression? 
The answer may be far more mundane, as 
was suggested by Crosby some years ago. 
“Slugs and. snails browse on. primrose 
ts, at the mouth of the tube. Grazed 
ecome male, grazed thrums become 

ale but. grazed homostyles are 
neutered. G 





a Ad. I. Richards is in the Department of Plant 
Biology, University of Newcastle upon Tyne, 
Newcastle NEI 7RU. 
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Galaxy evolution at late epochs 


from M.S. Longair 


OnE of the major growth areas of extra- 
galactic astronomy over the last few years 
has been the comparison of the properties 
of distant galaxies with equivalent samples 
of nearby galaxies. The outcome is an 
intriguing jigsaw puzzle, a new and sur- 
prising piece of which has come from the 
comparison of the properties of galaxies in 
clusters at different distances, and con- 
sequently at different cosmological 
epochs, reported on page 31 of this issue of 
Nature by H. R. Butcher and A. Oemler. 
The surprise is that a great deal of star 
formation is still going on in a cluster so late 
in the life of the Universe. 

The cluster; Cl1447 + 2619, has a modest 
redshift of 0.38, at which the Universe is 
about three quarters of its present age. 
Nevertheless it shows signs of vigorous star 
formation, very much more so than is 
observed in similar irregular clusters at the 
present epoch. The previous work of 
Butcher and Oemler had suggested such a 
phenomenon on the basis of the colours of 
the galaxies in the cluster; it is now con- 
firmed by multi-object spectroscopy using 
the Kitt Peak 4-metre telescope. Interpret- 
ing these data as evidence that the cluster is 
still in the process of settling down to 
become a normal irregular cluster, Butcher 
and Oemler speculate that, if this 
phenomenon is common to all galaxies, 
there must be a great deal of star formation 
going on in galaxies at these and greater 
redshifts. 


sannana 


A R MN i 

100 years ago 
HAVING noticed some time ago a number of 
letters i in Nature on the above subject, | venture 
publish an instance, which came under my 
observation last month, of extraordinary 
ntelligence in a rat, I was standing in the door- 
ay of a large shed, the further end of which had 
-been partitioned off with bars to form a fowl- 
house, when I was attracted by a gnawing and 
scraping noise; turning round I saw a rat run 
from a large dog-biscuit which was lying on the 
floor, and pass through the bars. Being curious 
to watch if he would return. I kept quiet, and 
presently saw a well-grown specimen of the 


’<“eommon brown rat” (Mus decumanus) come 


cautiously forward, and after nibbling for a 
tort time at the biscuit, drag it toward the bars, 
rich are only two inches apart, and would not 
allow the biscuit to pass. After several 
“unsuccessful attempts he left it, and in about 
five ‘minutes returned with another rat, rather 
smaller than himself. He then came through the 
Bars and, pushing his nose under the biscuit, 
£ adually tipped it on edge, rat number two 





pulling vigorously from the other side; by this 
means they finally succeeded in getting a four- 
inch biscuit through a two-inch aperture. Not 
feeling pleased that my dog’s biscuits should be 
used as food for rats, I threw a hammer at them 
and picked up the biscuit. 


A REMARKABLE shower of black rain fell herein | 


the neighbourhood last Sunday, the 22nd inst. 
The forenoon had been fine, though somewhat 
hazy, but about 3.30 p.m. heavy cumuli formed 
to north and north-west. Gradually a dense mass 
of cloud and haze came from the northward, 
presenting a lurid, threatening aspect, and it 
become so dark that one could not read a book 
indoors. At 4.30 rain began to fall, at first a few 
drops, and soon after a heavy downpour. When 
this commenced I noticed a number of black 
objects floating in the air, which Lat first took to 
be flies or winged ants, but they rapidly 


increased in number, and on looking at them l 


more closely I found them to be particles of 
soot, on an average about the size of the 
common fly. Their number was so great that it 
appeared for ten minutes to be snowing black, 
the descent of the blacks being slow, like that of 


| snowflakes. After it had rained heavily for 


fifteen minutes, these “blacks” ceased and the 
air became lighter, but the rain continued for 
another hour, and altogether I measured 30 
inches in my gauge. 

From Nature 30, 3 & 10 July 1884. 





A variety of different lines of inves 
gation have recently been followed ‘in 
study of questions of this nature. In ¢ 


_ approach, very large samples of very fain 


galaxies have been studied to find 

whether the counts of these objects are cc 
sistent with the predictions of differ 
world-models. In this type of work, ther 
essentially no redshift information, ab 


. the galaxies and so one is simply ta 


averages over very large numbers. o 
faintest galaxies observable. The work 
T. Shank and his colleagues at Durhan 
University, and of D.C. Koo and R.G 
Kron while at Berkeley, has shown that th 
galaxy counts are in reasonable agreeme: 
with the predictions of uniform wor 
models at red wavelengths, although ther 
is some evidence for more blue. galaxic 
than-expected when the counts are made i 
blue light. This work has suggested: th: 
very strong evolutionary effects wh 
occur in all galaxies can be excludéd, 

Other studies have concentrated up 
much smaller samples of galaxies buth 
compensated for this by using- obje 
which have measured redshifts, p 
ticularly the most luminous galaxies v 
very large redshifts. An example of t 
approach is the study of the brig e 
galaxies in rich clusters, one of the prim 
motives being to estimate the decelerat 
parameter of the Universe since thes 
galaxies appear to be rather good standar: 
candles. The problem with this type o 
study, which has extended to redshifts: 
about 0.7, is that only the brightest clust 
members can be studied in detail. Ata ted 
shift of 0.5, similar to that at which Butche 
and Oemler find strong difference 
between their cluster and nearby example 
of the same type of cluster, the redshi 
magnitude relationship shows little: 
dence of deviation from that predicted. 

An alternative approach, taken. by Lill 
and myself, is to study the stellar popu: 
lations of the giant elliptical galaxies tha 
are strong radio sources. The advantag 
that these can be selected ina manner wh 
is not biased by optical selection crite: 
moreover, the galaxies have strong narro) 
emission-line spectra from which redshift 
of up to 1.6 have been measured. In ou 
analysis of the colour-redshift diagram: 
for these galaxies we find evidence both 
evolution of the underlying old. stell 
population and for an excess of blue light 
which we interpret as evidence for a yo 
stellar population in these galaxies. H 
ever, we find these effects occur at redshift 
greater than about 0. 5. 

Finally, on the observational side; it has 
been established for many years that th 
populations of galaxies with active huclei, 
such as radio sources and quasars, exhibit 















































osmic “epoch, even over the tegshift 
nee of 0-1, in the sense that such objects 
re much more common when the Uni- 
ẹ was half its present age. Thus, there 
t be some major changes in the 
operties of the host galaxies over this 
Hime period. 

Does all of this add up to a consistent 
cture? It is possible to give a guardedly 


stive trends emerging from the separate 
proaches, 
hat active star formation is going on in 
ain. types of galaxies at relatively late 
as. in the Universe seems incontro- 
ble. There must therefore be gas and 
n these systems. In a number of cases, 
activity can be ascribed to interactions 
between galaxies. The IRAS satellite has 
convineingly shown that the most 
minous galaxies in the far-infrared are 
i interacting galaxies and that the 
minosity is probably due to heated dust. 
jis is the signature of ‘star-burst’ galaxies 
which stars are being formed. In the case 
of the radio galaxies, we suggest that the 
resence of the young stellar population is 
efo interactions between galaxies which 
vide the fuel to generate the activity 
yserved in the active nucleus. Some sup- 
t for this hypothesis comes from the 
at a considerable fraction of active 
xies and quasars seem to have com- 
nions. Since, however, the counts of 
laxies do not show major departures 
im the predictions of uniform models of 


tive answer on the basis of some sug- , 








the Universe, thi type of phenomenon 


cannot be all that comnfon in the Universe. 

It is not clear at this stage whether there is 
any relationship between any of these ideas 
and the observations of Butcher and 
Oemler. That star formation is proceeding 
in a very large fraction of galaxies in the 
cluster Cli447 +2619 is incontrovertible. 
Its interpretation is less obvious. It is con- 
ceivable that interactions between galaxies 


in the cluster are important but it is not | 


obvious why all irregular clusters should 
not show the same phenomenon. As the 
authors themselves suggest it may well be 
that the cluster is significantly younger 
than the system observed nearby. Accord- 
ing to the adiabatic theory of cluster 
formation, which has had some significant 
successes in recent years, clusters form late 
in the Universe; Cl1447 + 2619 may be an 
extreme late-developer. The existence of 
such systems is clearly of the greatest 
cosmological interest and we need to know 
how common they are. 

These observations give a clear picture of 
what can now be achieved in the study of 
normal galaxies at epochs earlier than the 
present. The ways forward are self-evident 
but they are very demanding observation- 
ally. They do, however, bring astro- 
physical studies of galactic and cluster 
evolution significantly closer to a real 
observational science. E 





M.S. Longair is Astronomer Royal for Scotland 


and Regius Professor of Astronomy at the | 


University of Edinburgh, and Director of the 
Royal Observatory, Edinburgh EH9 3HJ. 

































ene regulation 


wn Robert P. Perry 


RTS to understand the regulation of 
aryotic genes have resulted in the 
entification of an impressive, sometimes 
dering, array of DNA sequences 
eguilatory elements) that can influence the 
scription of genes into RNA. Many of 
¢ elements act in cis and are believed to 
ect DNA topology, producing local con- 
‘mations that selectively allow or restrict 
cess of RNA’ polymerase to the DNA 
mplate, or that facilitate selective open- 
g of the double helix at the site of trans- 
ytional initiation. It is becoming 
creasingly apparent that evolution has 
wed different classes of genes with 
stinctive combinations of different 
gulatory elements. One good example 
hich has received considerable attention 
‘ly is the group of genes that encode the 
amunoglobulins. These genes are novel in 
the regulatory elements are widely 
‘ated in-the germ‘line genome but are 
ught together Sy somatic recom- 
ion in-cells-of the B-lymphoid lineage. 
oreover, there is evidence that the 





Vhat controls the transcription 
of immunoglobulin genes? 


function of one of these elements may 
depend upon an interaction with a trans- 
acting factor that is differentially active 
over the course of lymphocyte maturation. 
Two cis-acting elements have already been 
identified in immunoglobulin genes: now 
two laboratories have independently 
identified a third, that may also participate 
in the tissue-specific transcription of the 
genes (Parslow, T.G. et al. Proc. natn. 
Acad. Sci. U.S.A. 81, 2650; 1984 and 
Falkner, F.G. and Zachau, H.G, Nature 
310, 71; 1984). 

In general, there are two broad 
categories of cis-acting regulatory 
elements. Elements near to the initiation 
site, frequently termed promoters by 
analogy to their prokaryotic counterparts, 
may consist of a short sequence (like the 
TATA box) which apparently helps define 
the start site for RNA polymerase II, as well 
as sequence motifs further upstream that 
are presumed to regulate the efficiency of 
polymerase loading. The second type of 
element, the more remotely located 











elements, typified’ by the so-called 
enhancers, can exert their effect over con- 
siderable distances when located on either 
side of the initiation site. The extent to 
which a particular set of elements affects 
DNA topology may be determined by 
several extrinsic parameters including the 
extent of methylation of the DNA, the 
ionic environment, the complement of 
chromosomal structural proteins and 
certain locus-specific trans-acting factors, 
usually presumed to be proteins. 

The two principal gene segments that 
together form an immunoglobulin gene are, 
the variable (V) segment and the constant 
(C) segment, widely separated on the same 
chromosome in the germ-line DNA. The 
regions encoding the V portions of both the i 
heavy-chain and x light-chain genes are, in™ 
general, transcriptionally silent in their un- 
rearranged context in the germ line and 
become active only upon rearrangement, 
whereas the regions containing the con- 
stant portions of these genes (J.-C, or Jy- 
C,) are transcriptionally active in the germ 
line as well as in the rearranged context. A 
relationship between this transcriptional 
behaviour and DNA topology is suggested: 
by the fact that in plasmacytoma cells, the 
C, locus, whether rearranged or not, is 
undermethylated and relatively sensitive to 
digestion by the enzyme DNase 1, whereas 
unrearranged V, genes are usually methyl-: 
ated and in DNase I-resistant. chromatin. 
The transcriptional competence of the con- 
stant regions is thought to be related, at 
least in part, to the presence of enhancer 
elements which are located in the introns 
separating Ją and C, or J, and C,. These 
elements, which can enhance transcription 
of immunoglobulin and other genes when 
placed on either side of the transcriptional 
initiation site, are preferentially active in 
lymphoid cells. They have been mapped by 
deletion analyses to regions spanning 
about 200 nucleotides. Furthermore, the 
chromatin of the enhancer regions contains 
sites that exhibit DNase I and restriction 
endonuclease hypersensitivity in lympho- 
cytes but not in non-lymphoid tissue, thus 
suggesting a relationship between enhancer 
activity and alteration of the chromatin 
structure, 

The foregoing observations are con- 
sistent with a model in which the enhancer 
propagates a signal upstream to a region 
which permits proper transcriptional 
initiation by RNA polymerase H, In its 
most general formulation, the model does 
not specify whether this signal involves the 
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polymerase itself, as would be the case if 
the enhancer segment served as a very 
efficient entry site for initial polymerase 
binding, or whether the enhancer acts 
solely via its influence on the conformation 
of an upstream polymerase binding site. 
The latter interpretation presumes the 
existence of a promoter-like element 
upstream of the transcriptional initiation 
site, which would be susceptible to cis 
regulation by the enhancer. It is already 
known that V genes have TATA box 
elements in the necessary upstream 
position; now Parslow et al. and Falkner 
and Zachau (op.cit.) have identified a 
second set of upstream sequences that may 
be essential for promoter function. 

An alignment of the sequences that flank 
the transcriptional initiation site of a 
relatively large number of mouse and 
human V, genes as well as the mouse V, 
genes has revealed a very highly conserved 
octanucleotide, ATTTGCAT, located 
about 60-80 nucleotides upstream of the 
initiation site. Moreover, gene transfer 
experiments in which deletion mutants of a 
functional x gene were integrated into the 
genomes of plasmacytoma cells that were 
not producing immunoglobulin have 
demonstrated that the region containing 
this octanucleotide is essential for effective 
transcription (Falkner & Zachau, op. cit.). 
Remarkably, the V,, genes do not contain 
this sequence but its inverted complement 
(ATGCAAAT) at precisely the same loca- 
tion relative to their transcriptional start 
site. These octanucleotide elements may 
have a role analogous to the various 
similarly located sequences that have been 
shown to be important for the trans- 
cription of other genes; together with the 
TATA box, they may comprise the func- 
tional promoters of immunoglobulin 
genes. Although a more narrowly defined 
set of mutants will be needed to establish 
whether the octanucleotide is a critical part 
of the promoter, its almost ubiquitous 
occurrence in all V genes makes it a most 
attractive candidate. Indeed, for this gene 
family, its conservation greatly exceeds 
that of the TATA box. Interestingly, there 
is a perfect ATTTGCAT sequence in a 
region of the J-C, intron where some of 
the germ-line (sterile) heavy-chain trans- 
cripts are initiated and an almost perfect in- 
verted sequence (ATGTAAAT) upstream 
of the site where germ-line x transcripts are 
initiated. It is conceivable that these se- 
quences help define the ‘pseudopromoters’ 
that are used in the generation of germ-line 
transcripts. 

The difference in transcriptional com- 
petence between unrearranged V and C 
regions suggests that some type of regu- 
latory hierarchy between enhancer and 
promoter elements is maintained through- 
out the course of B-lymphocyte develop- 
ment. The recent finding of a heavy-chain 
gene that presumably lacks its normal en- 
hancer and yet still produces heavy-chain 
«mRNA has been interpreted to mean that 
the enhancer function is not obligatory for 
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expression (Wabl, M.R. & Burrows, P. D: 
Proc. natn. Acad. Sci. U.S.A. 81, 2452; 
1984).” However, it is difficult to evaluate 
the significance of this observation because 
the gene has not yet been sequenced; con- 
ceivably the enhancer function has been 
taken over by some surrogate sequence ele- 
ment, just as the pseudopromoters can sub- 
stitute for the proper V-region promoters. 

The enhancer element seems to require a 
tissue-specific trans-acting factor, the ac- 
tivity of which is subject to induction by ex- 
ternal stimuli during the early (pre-B-cell) 





maturation stages ang becomes con- 
stitytive in later (B-cell and plasma-cell) 
stages (Nelson, K.J. ef al. Nucleic Acids 

Res. 12, 1911; 1984). The promoter may 
also be regulated by trans-acting factors. If 
so, such factors might be responsible for 
the increased rate of transcription that is 
characteristic of terminally differentiated 
plasma cells. 
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A solar coronal mass ejection observed in white light by the Solar Maximum Mission 
coronograph. The axis of solar rotation runs from the upper left (north) to the lower right; 
the Sun-centred occulting disc has a radius of 1.6 times the radius of the Sun. The outward 
velocity was 200 km-'. The ejection is typical of 65 observed during the Solar Maximum 
Mission between March and September 1980 in that it has a three-part structure: an inner 
bright loop sometimes seen in Ha and thus probably the material from an emptying 


prominence; a 


a ‘dark’ shell surrounding the loop, probably identifiable with the cavity 


seen around prominences in the low corona; and an outer ‘rim’ of displaced coronal 
material. Such ejections, representing a discrete addition of material to the solar wind, 


were detected on average 0.9 times per day during the 1980 Sô 
sampling period — 20 per cent more often than detected by Skyla 
of the previous sunspot cycle in 1973-4. (From Hundhausen, A.J., Sawyer, C.B.°H 


ar Maximum Mission 
in the declining phase 
ouse, 


L., Illing, R.M.E. and Wagner, W.J. Journal of Geophysical Research 89, 2639; 1984.) 











































m ur virology a 


‘om: Lionel Crawford 


epidemiology of cancer is, in general, 
what would be expected for a group of 
seases caused by infectious agents but 
re are some exceptions. Tumours of the 
ine cervix and elsewhere in the female 
ital tract as well as cancer of the penis 
ar to involve infection. Cervical 
cer is strongly correlated with sexual 
miscuity both of women and their male 
tners'*, Genital warts, which are 
used by papilloma viruses, are sexually 
nsmitted and their incidence is also 
related. with promiscuity. About half 
women with vulvar genital warts 
amined in one study also had evidence of 
normalities of the cervix’. It was 
tural, then, for zur Hausen to ask 
vether papilloma viruses are implicated in 
causation of cervical tumours as well as 
nital warts‘. The answer seems likely to 
es, 
he incidence of genital warts, the 
ence of cervical cancer and the 
rtality from cervical cancer, especially 
ng women under 35 years old, have all 
sed markedly over the last two 
ccades*°. If we are to believe the results 
“surveys which have featured so 
‘ominently in the Sunday papers, there 
š been a substantial increase in sexual 
activity in this country over the same 
od, coupled with a decrease in the age 
of first sexual experience. The increasing 
ortality from cervical cancer is par- 
‘arly striking since, together with lung 
ncer (associated with smoking cigarettes 
still rising in women), the overall 
ality due to cancer has been falling 
ly: This adds urgency to the efforts 
ing made to identify an infectious cause 
ical. tumours. Intrinsically, the 
lem is difficult because any sexually 
mitted agent is likely to be more fre- 
ently. present in promiscuous than 
libate or non-promiscuous women, so a 
demonstration of the presence of 
§ or its traces in tumours is by no means 
h. Certainly most women with 
of the cervix have been exposed to 
ma virus; one study reports anti- 
es against a papilloma virus group 
ific antigen in the serum of 93 per cent 
cervical cancer patients’, and, 
risingly, none in the controls. 
would be much more convincing if 
vidence of persistent viral DNA could be 
ound in tumours (although this is not 
equired if the mechanism of transform- 
ion. is postulated to be ‘hit and run’, as 
; been suggested for herpes viruses). 
ated efforts to ftow that herpes sim- 
x type IL DNA persists in cervical tum- 
rs have produced some positive results 


* 


ervical tumours 








but at best in only a small minority of 
tumours. Similar studies with papilloma 
viruses were initially also rather dis- 
appointing but the reasons are now clear. 
Human papilloma viruses (HPVs) com- 
prise a very heterogeneous group with 
more than 24 different types already iso- 
lated. The different types are generally only 
weakly related by the criterion of nucleic 
acid hybridization. Thus, in general, it is 
necessary to probe tumour tissue with the 
corresponding HPV DNA probe if the 
presence of a particular type of HPV is to 
be reliably detected. 

Largely as a result of the efforts of zur 
Hausen and his group in Germany, DNAs 
from several previously unknown types of 
HPV have recently been cloned and 
characterized. Four of the types — HPV 
6,11,16 and 18 — are commonly associated 
with various lesions of the genital tract. 
Types 6 and 11 are associated with genital 
warts (condylomata acuminata) and with 
premalignant lesions of the cervix but 
rarely with carcinomas®’. Conversely, 
types 16 and 18 are predominantly 
associated with tumours. In one study, 
HPV 16 DNA was detected in over 60 per 
cent of the cervical tumours examined but 
less often in condylomata acuminata where 
it was found in conjunction with the more 
usual HPV 6 and 11 (ref.10). In pre- 
malignant lesions of the cervix, HPV 16 is 
most frequently found in association with 
histologically abnormal mitotic figures, 
suggesting that the lesions are likely to pro- 
gress to malignancy!'; the same may be true 
for lesions elsewhere in the genital tract !?. 
Seven out of eight carcinomas in situ of the 
vulva were recently found to contain HPV 
16 (D.McCance, personal communication). 
HPV 18 is also found predominantly in 


tumours; zur Hausen’s group report its | 
p 


presence in about 25 per cent of cervical 
tumours and in three out of four cervical 
tumour cell lines (including HeLa and KB 
lines which have been passed extensively in 
culture), but its absence from benign 
tumours and premalignant lesions”. 
Clearly the situation is complex but it all 
adds up to a strong association of HPV 
with cervical tumours, particularly HPV 16 
and 18. The other types, 6 and 11, may be 
associated with premalignant lesions and 
could also act as helper viruses for HPV 16 
and 18. As with other tumours, there may 
be several stages between normal cervical 
cells and the fully malignant carcinoma 
cells, with different agents involved at 
different stages. These could be different 
HPV types or other viruses such as herpes 
simplex type II, or non-viral agents. Work 
with papilloma viruses in humans and 











re 


animals suggests that ultraviolet or ionizing 
radiation and chemical carcinogens or pro 
moting agents act in concert wit 
papilloma viruses to produce malignant 
tumours. Everyone working with HPV and 
cervical tumours has been careful to 
emphasize that what has been shown is an 
association between HPV and cervical 
tumours with no proof that they actually 
cause the tumours. The expectation would | 
be that, if they did so, it would be in con- 
junction with other agents. 

The details of HPV structure and 
replication are in the process of being un- 
ravelled and it is already clear that they are 
very different from simian virus 40 and 
polyoma virus in their genome size, 
organization and expression. They are also 
probably quite different in their mode of ™ 
transformation and analogies with the 
smaller papova viruses are likely to be mis- 
leading rather than useful. In condylomata 
acuminata and in premalignant lesions, 
papilloma virus usually exists in the form of 
free episomal DNA, whereas HPV 16 and 
18 may be integrated into chromosomal 
DNA in carcinomas (ref. 13 and D. 
McCance, personal communication). It is 
not clear what part rearrangement of the 
viral DNA or integration may play in trans- 
formation and whether integration is into” 
specific sites in the cellular DNA. None of © 
these uncertainties detracts from the 
importance of the now very impressive 
body of evidence implicating papilloma 
viruses with cervical and also with penile 
cancer. If they play an essential part in one 
or more stages of the malignant process the 
best prospect yet for intervention and 
control of these tumours will be on offer. © 

l am indebted to Dr D. McCance, Guys 
Hospital, for his help and advice and for 
permission to quote his unpublished 
results, 
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In the article ‘Progress in malignancy’ by 
Miranda Robertson (Nature 309, 512; 
1984), the last sentence of the first para- 
graph should have read ‘At the same 
time, Schwab er al., who originally dis- 
| covered the N-myc gene*, report that in 
i neuroblastomas N-myc amplification is 
associated with late stages of tumour pro- 
gression, and thus may have prognostic 

implications’. i 
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«from T.L. Bonner and M.J. Brownstein 


WirHoutT the Brattleboro rat, we would be 
short of a good animal model in which to 
study the importance of the mammalian 
antidiuretic hormone, vasopressin. 
Brattleboro rats inherit diabetes insipidus 
as a recessive trait; homozygous animals 
excrete large volumes of dilute urine and 
suffer from extreme thirst, and they lack 
‘“eothe normal content of vasopressin in their 

_ posterior pituitary. Had the genetic defect 
_-of the Brattleboro rat turned out to bea 
simple deletion of the vasopressin gene, 

_ matters would be simple but uninteresting. 
-Several recent papers reveal a much more 
intriguing situation. 
ov e Vasopressin is synthesized in the cell 

> bodies of neurones of the hypothalamic 
région of the brain in the form of a precur- 
sor which also contains two other peptides, 
neurophysin and a nameless glycopeptide. 
The precursor is packaged into vesicles and 
is enzymatically processed into its con- 
stituent peptides during the passage of the 
vesicles, within the axons of the neurones, 
to the posterior pituitary. The vesicular 
"contents are released into blood vessels in 
Abe pituitary to act on peripheral target 
tissues. If the posterior pituitaries of nor- 
mal animals are removed, they develop 
«diabetes insipidus like the homozygous 

Brattleboro rat. 

In attempting to define the genetic defect 
of the Brattleboro rat, Schmale and 
Richter have recently cloned a vasopressin 
gene from one such animal and have shown 
that it has a single-nucleotide deletion 
within the second of three exons!. We 

“should note at the outset that it is a formal 
possibility that this deletion is not the con- 
trolling defect since it has neither been 

‘shown that the rat is homozygous for the 

deletion nor that it is present in more than 

ne Brattleboro rat. Taken at face value, 
however, the deletion results in a frame- 
shift which alters the amino acid sequence 
of one-third of the neurophysin, eliminates 
> the arginine by which the glycopeptide is 

“\eleaved from it, completely alters the se- 

quence of what would have been the nor- 

mal glycopeptide and removes its glyco- 
sylation site, the normal termination 
codon. By removing 5 of the 13 cysteine 
residues normally present in the 

neurophysin, the frameshift results in a 

. precursor that may beso drastically altered 

that it is no longer properly processed or 
transported. Schmale and Richter also 
speculate that the absence of a termination 
codon could impede translation of the 
‘MRNA by preventing ribosomes from 
disengaging from mRNA, a proposal 
which should be tested by deleting the ter- 
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ination codon of the normal gene and 
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/asopressin, tissue-specific 
defects and the Brattleboro rat 


assaying its translation ef ficiency. The gene 
defect of the Brattleboro rat could account, 
for the presence of small amounts of ‘pep- 
tide X’ in Brattleboro hypothalami’. This 
peptide is similar in size to the normal 
vasopressin precursor and has vasopressin- 
and neurophysin-like immunoreactivity, 
but is not glycosylated. 

Although Schmale and Richter find 
equivalent amounts of vasopressin mRNA 
in Brattleboro and normal rats, suggesting 
that there is no defect in transcription, this 
result is disputed by Majzoub et al. who 
find that dehydrated Brattleboro rats 
have only 5 per cent of the hypothalamic 
vasopressin mRNA of similarly 
dehydrated Long Evans rats’. Since 
dehydration of the Long Evans rat results 
in a 20-fold increase in hypothalamic 
vasopressin mRNA, their conclusion is 
that the Brattleboro defect is tran- 
scriptional rather than translational. 

Recently vasopressin has been detected 
in ovaries, adrenals (see references cited in 
refs 4 and 5) and sympathetic ganglia® of 
normal rats. One might have predicted that 
the Brattleboro rat would have no 
vasopressin in its adrenal or ovary, just as it 
has none in its pituitary , but this seems not 
to be the case. On page 64 of this issue of 
Nature, Nussey and co-workers report that 
the adrenals of homozygous Brattleboro 
rats have a normal content of vasopressin- 
like material as measured by radioimmuno- 
assay, and that the material has the same 
chromatographic properties as authentic 
vasopressin, though one might quibble 
over the chromatographic resolution’. 
Moreover, it is biologically active and its 
antidiuretic action is blocked by a specific 
vasopressin antagonist. Similarly, on page 
61, Lim et al. show that the ovaries of 
Brattleboro rats contain as much 
vasopressin-like peptide as ovaries from 
Long Evans rats*. In the ovary, the peptide 
is confined to luteal cells; in the adrenal, it 
is present in chromaffin cells. Despite the 
fact that neither the adrenal nor the ovary 
vasopressin-like peptide has been purified 
and chemically characterized, it seems 
likely that they are both the same 
nonapeptide as is present in the posterior 
pituitary of normal animals. Thus, the 
defect in vasopressin production in the 

Brattleboro pituitary seems to be tissue 
specific; how the tissue-specificity can be 
reconciled with the gene defect is unclear. 
One possible explanation is that thereisa 
second gene for vasopressin or a closely 
related peptide and it is this gene that is 
expressed in the adrenal and ovary. There is 
a precedent for this suggestion in 





marsupials, which produce two 





| labelling studies, but it seems that uni 


vasopressin-like peptides’ . The onl 






relevant to the rat is a Southern blot.o 
DNA using the whole rat vasopressili ge! 
as probe! but at such high stringency. 
even the closely related oxytocin gene 
not detected. Thus, this experiment on 
excludes the presence of a second genei 
is nearly identical to the first. 
Asecond possibility is that there is 
specific splicing of the vasopressin R 
which results in the substitution o 
alternate exon for the defective sec 
exon in the adrenal and the ovary. fi 
hypotheses predict that the size 
vasopressin MRNA in the adren 
ovary would be different from that i 
hypothalamus; characterization of 
mRNAs will be critical. cre 
It would be helpful to know whet 
immunoreactive neurophysin a 
glycoprotein are present in Brattleb 
adrenals and ovaries. The observatio 
an immunoreactive glycopeptide 
Brattleboro adrenals but not pituitar 
Mezey, personal communication) 
consistent both with the existenc 
second gene that encodes 4 sim! 
glycopeptide (the oxytocin gene doe 
and with alternate splicing which reta 
the third exon encoding the glycope 
Examination of the rat and. bovin 
sequences'* indicates that an alte 
second exon may be present in th 
intron between the first and second ex 
(nucleotides 892-952 of the b 
sequence). 2 
Despite preliminary evidence 
presence of the glycopeptide in Brattlebo 
adrenal) to the contrary, the vasop 
message in the adrenal and ovary of 
Brattleboro rat may prove to be thes 
abnormal message. that is found in’ t 
hypothalamus. If so, it would impl 
the abnormal precursor gives rise to norn 
levels of vasopressin in the adrenal a 
ovary but not in the pituitary becau 
tissue-specific post-translational de 
The most trivial explanation would be 
Brattleboro hypothalamic neurones 
vasopressin but it is released as rapidly 
is formed. Alternatively, cells in 
adrenal and ovary may handle t 
abnormal precursor differently th 
neurones do. It may be possible to ex 
these possibilities with careful pu 





understand the roles of the var 
components of the vasopressin precu 
we shall not understand the Brattlebor 
rat’s deficit. 
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.. Spurred on by a recent book', I 
ld like to remind Nature’s readers that 
cholesterol theory is not the only one 
could explain arteriosclerosis; the 
jomocysteine theory has been developing 
ce the 1960s as the result of studying 
esters with a disease known as homo- 
tinurea. Victims of homocystinurea 
lly die of vascular complications bet- 
he ages of 7 and 13, but in some cases 
igh homocysteine levels are responsive 
min B, therapy and some people with 
omocystinurea are now saved. 

An insufficient amount of vitamin B, 
ill result in contact inhibition causing 
ooth cells to grow abnormally?". The 
pnnection lies in the consumption of the 
ino acid methionine, which is ultimately 
ietabolized to homocysteine. Vitamin By 
equired for the further metabolism of 
mocysteine, and if this transformation is 
ahibited, homocysteine can build up. 
{omocysteine causes smooth cells to grow 
brormally. Since areas of abnormal 
ooth cell growth in arterial endothelial 
g may become sites of cholesterol pla- 
é formation, cholesterol and other lipid 
‘umulation may then be a direct conse- 
e of the abnormal smooth cell 
th. Many people generally consider 
thete is (or must be) enough vitamin Ba 
heir diet. However, in 1955 Henry 
roeder found that in the United States 
‘Gods in the typical diet have low levels 
tamin B, due to processing and cook- 
and that the diet contains an insuffi- 


AS ‘eloquently presented in a review arti- 
le by H.C. McGill Jr, there exists no corre- 
ion between dietary cholesterol and 
um levels of cholesterol’. Interestingly, 
cholesterol can be modulated by 
crose (able sugar). In 1964 Winitz et al. 
rted that as sucrose was increased from 
$% of the total carbohydrate source 
efined diet of normal adults, their 
m cholesterol levels increased con- 
ntly from 160 to 208 mg per cent. 
sequently, when the diets were changed 
100% glucose carbohydrate source 
rose free) for an eighteen-week period, 
¢ average serum cholesterol level fell to 


T s'raises three questions. (1) Would it 
ippropriate to focus more attention on 
alternate theory of arteriosclerosis, 
mely, the homocysteine theory (the lack 

vitamin B,)? (2) Why is sucrose never 


associated with raised cholesterol levels 
rose being one of the few commodities 


ery few.of my colleagues or friends take 

ins: in this society where a lot of our 
od is cooked fast va done, and with 
lots of protein, should we be more concern- 
ith taking some vitamins daily? We 
“make sure that the role essential 


mocysteine and arteriosclerosis. 








vitamins play in our health is not overlook- 
ed because of recent controversy over 
megavitamin therapies. 

There is a danger that this most 
interesting theory (the homocysteine 
theory) and the sucrose involvement may 
be overlooked. If these concepts are as 
important to every one of us as they seem, it 
would be a shame for them to go unnoticed 
one minute longer. 

RossC. BEIER 
Veterinary Toxicology and Entomology 
Research Laboratory, 
Agricultural Research Service, 
US Department of Agriculture, 
College Station, Texas 77841, USA 
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Fungi in culture 

Sir — During work in connection with the 
UK National Collection of Fungus 
Cultures, it has emerged that too many 
authors of papers which use fungus 
cultures do not (1) have the identity of the 
material checked by a specialist, and/or 
(2) deposit a sub-culture in a national col- 
lection where it can be preserved and so 
made available to later workers (or even the 
same worker if his cultures die or become 
contaminated). Too much elegant bio- 
chemical and chemical work in genera such 
as Penicillium and Trichoderma is already 
unusable because of uncertainties over the 
identity of material studied for which 
isolates were not preserved in a public col- 
lection. The UK National Collection of 
Fungus Cultures, held at this institute since 
1947, already holds about 11,000 strains in 
pure culture, by a wide variety of methods 
(depending on the fungi concerned). [See 
The Preservation and Maintenance of Liv- 
ing Fungi, Commonwealth Mycological 
Institute, £6.50 post free.] 

Isolates to be cited in publications are 
normally accepted for deposit free of 
charge, and can be preserved and held in 
confidence in advance of publication, The 
institute is also an international depositary 
for patent strains and operates a safe- 
deposit service. 

Where fungi have not been checked by 
an expert, the institute staff of about 70 in- 
cludes 16 specialist taxonomists who pro- 
vide a world identification service. This ser- 
vice is free for non-commercial UK sub- 
missions. 

D.L. HAWKSWCRTH 
Cuiture Collection & Industrial Services, 
Commonwealth Mycological institute, 
Ferry Lane, 
Kew, Surrey TW9 3AF, UK 
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Oil-shale petroporphyrin 


Sir — I was interested to learn that Ekstrom — 


etal, determined the X-ray structure of the 
naturally occurring petroporphyrin, vana- 
dyl deoxophyllerythroetioporphyrin (VO- 
DPEP) (Nature 306, 173; 1983). The 
authors did not mention, but I would like 
to add, that the X-ray structure of synthetic 
VO-DPEP was published in 1968 and 
1969'". From the structure diagrams of 
Ekstrom, the synthetic and natural VO- 
DPEP are identical. The crystal structures 
are not identical because | ,2-dichloroethane 
is present as solvent of crystallization in 
synthetic VO-DPEP. Ekstrom’s unit cell 
packing diagram looks as if that structure 
contains chloroform as a solvent of crystal- 
lization. This is logical because the unit 
cell volumes are very similar (synthetic: 
3,149A}; natural: 3,167A3). 
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Canary before the pigeon 


Sir — Epstein et al.' recently reported the 
replication of W. Kohier’s one-box prob- 
lem but with the bird (pigeon) as the subject 
instead of the chimpanzee, as was the case 
in Kötiler’s experiments. But Epstein ef al. 
overlooked the relevant literature with the 
bird as the subject. About thirty years ago, 
I undertook the replication of Köhler’s 
one-box problem as well as the replication 
of Kéhler’s stacking problem (that is, 
stacking two, three or four boxes) with the 
bird as the subject (canary). Of course, 
Kéhler’s procedure was appropriately 
modified to suit the bird’s anatomy. I 
reported the canary’s achievements in 
several journals**, one of which contains 
photographs‘. Photographs also were pub- 
lished in textbooks’ and in the popular 
media‘. 

NICHOLAS PASTORE 
Department of Psychology, 
Queens College of the City University 

of New York, - 

Flushing, New York 11367, USA 
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Scientific Correspondence 
Scientific Correspondence is intended to 
provide a forum in which readers 
may raise points of a rather technical 
character which are not provoked by 
articles or letters previously published 
(where Matters Arising remains ap- 
propriate). 
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“Prograde and retrograde sectoral oscillations of the Sun have been observed so as to determine frequency di 


“produced by rotation. Oscillations in the frequency range 2.1-3.7 mHz and with spherical harmonic degrees from 1 to 
“have been identified. Average frequency shifts due to rotation in a sidereal reference frame are found to range from ahi 
~660 nHz at degree 1 to a low of ~423 nHz at degree 6, rising to ~471 nHz at degree 100. These results indicate tha 
nost of the Sun’s volume rotates at a rate close to that of the surface, but also that the energy-generating core may rota 
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more rapidly than the surface. 












: SINCE the development of the use of solar oscillations as a 
means of probing the Sun’s interior, there has been much interest 
` gn-determining the internal rotation. An accurate determination 
¿; would help us to address questions of the evolution and internal 
“structure of the Sun, the solar gravitational quadrupole moment, 
the transfer of angular momentum in the convection zone and 
the properties of the dynamo that is presumed to produce solat 
activity. 
The observational approach depends on two characteristics 
of solar acoustic (p-mode) oscillations. First, oscillation modes 
of different spherical harmonic degree, $ and radial order, n 
trapped i in cavities that span different depth ranges'. Modes 
fierent angular order, m, also extend over different latitude 
S. nd; the. oscillation frequencies of a mode, Vam are 
hifted by. rotation’ ° ; The amount of the shift depends on the 
_ structure of the interior, the rotation frequency and its variation 
> with radius and latitude. The dependence on. internal structure 
can be calculated from a solar model. Consequently, measure- 
ments of the frequency shifts of a sufficiently large range of 
oscillation modes allow the variation of internal rotation with 
. depth and latitude to be determined. 

The first attempt to determine internal rotation in this way 
- used high-degree acoustic oscillations that probe the outer few 
`= per cent of the equatorial zone of the Sun’. Frequency shifts 
‘were observed which implied that the rotation rate increases 
with depth; similar observations from Kitt Peak failed to confirm 
deviation from solid body rotation“. Further observations 
ggested the importance of convective velocities on frequency 
ifts of high-degree modes’. 
`: Claverie et al” found evidence of frequency splitting of 
degree acoustic oscillations that probe nearly the entire 
olar radius. The magnitude of the observed splitting seemed 
to imply that the core of the Sun rotates substantially faster than 

‘the surface. However, more frequency components were obser- 
ved than were expected from the geometry of the observation, 
suggesting that the Sun contained an oblique magnetic rotator’! 

This suggestion was not universally accepted. Other low- degree 
observations’? have not yet confirmed the rotational splitting 
observed by Claverie et al. 

Hill et al” reported rotational splitting of low-frequency 
acoustic and gravity modes of degrees 410. They concluded 
that the Sun rotates about a single axis and that the core rotates 
- ~6 times faster than the surface. Gough reach a similar con- 
‘clusion using preliminary values from the same observations’? 






























Observations 
We have undertaken a series of observations of the frequencies 
of oscillation modes with | ranging from 1 to 200 and with 











































m = +l (sectoral harmonics). Our intention was to measure 
rotational frequency splittings oe 


Valmea~t~ Valmet 


2l 


over a sufficient range of I to allow the rotation varia 
most of the solar radius to be determined. If the Sun r 
rigidly, v/,, would be the rotation frequency. We selected se 
modes for an initial study because they exhibit ‘the | 
rotational frequency. shifts. However, this restriction pre 
us from separately resolving the radial and latitudinal vari: 
of rotation. Observations were made at Kitt Peak every d 
throughout 10-26 May 1983 for an average of ~1] h per da 
The observational technique was nearly the same as we descr! 
previously’. Briefly, we formed an image of the entire dis 
the Sun on the entrance slit of a large grating spectrogra 
slit was orientated perpendicular to the Carrington rotatior 
and the image was optically averaged perpendicular to the sl 
Two photosphetic spectrum lines were recorded simultaneous 
by a two-dimensional diode-array camera every:minute for 
to 12 h each day. These data were used to produce a times 
of the Doppler shift of ~200 spatial elements from the 2a 
west limbs of the Sun. The values of the Doppler shifts 
minute were multiplied by spatial functions (foreshorte: 
toral harmonics, weighted by limb darkening and a erag 
perpendicular to the equator) that represented the signa : 
would expect to observe with our geometry arising TO 
individual sectoral. modes of degrees from 0. to 200. The: 
functions are complex with the real part being even ab 
centre and the imaginary part odd. The temporal power spectra 
of the sequence of projections for a given degree then ha: 
prograde (m =~!) and retrograde (m= +1) sectoral’ 

arated cleanly into positive and:negative frequency componen 
This reduction technique is similar to the spatial-tempo 
analysis used to study high- -degree modes’ except that the spa’ 
part of the transform is modified. The clean. separation ‘of p 
grade and retrograde modes in the present data allows u: 
measure the rotational splitting even when the spectral featu 
are broad. At low degree, this is the main advantage that 
present, spatially-resolved observations have over previou 
attempts to measure rotational splitting using unreso 
observations. 

Night-time gaps in the time series were set to zero velocit 
before the temporal transform was computed. Thus, the resultin 
power spectra have a frequency resolutign of ~700 nHz. an 
strong frequency sidelobes at spacings of 1 day™'= 1] 6 pH 
The latter feature is particularly annoying for later analysis. Wi 
have experimented with’ various methods to eliminate 
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A Portions of the degree 3 power spectra of retrograde (a) 
d prograde (b) modes. The various features are labelled (J, n) 
subscripts u and l to denote upper and lower frequency 
sidelobes of main features. Leakage of degree | and 5 modes into 
these spectra is obvious. 


lobes and find that a modification of the CLEAN algorithm 
scribed in ref. 15 works well. Some of the present results are 
d from ‘cleaned’ spectra. 

e response of our observation and reduction method to 
associated with spherical harmonics other than those 
ded is a complicated function of | and m. Roughly speaking, 
spatial analysis responds to a range of about five consecu- 
ilues of | centred on the one of interest. In our analysis 
kage sometimes causes confusion between modes of 
ious degrees. There is also a response to non-sectoral modes 
is discussed later. 


ysis and results 


r first analysis of frequency shifts caused by rotation was to 
s8-correlate the prograde and retrograde sectoral spectra in 
frequency range from 2-4 mHz. This analysis immediately 
plied that v’/,, for degrees 1-200 is not very different from the 
rface rotation frequency. However, this analysis was contami- 
ted by the leakage of unwanted modes into a given cross- 
rrelation. To avoid this problem, we constructed masks that 
ed only the desired modes and again tried cross-correlations 
prograde and retrograde spectra—this procedure was only 
erately successful. 
resent results are based on measurement and analysis 
frequencies of individual modes, and will be refined in 
re work. Some examples of low-degree modes are shown in 
‘Mode frequencies were determined by several methods. 
ethod was to position the cursor of an interactive graphics 
inal on what appeared to be the centroid of a selected mode 
plot of the power-spectrum and to record the frequency 
ursor position. This method was used for 1> 10. Another 
hod, used for /< 20, was to fit a Voigt line profile by least- 
res to the observed spectral features and to record the 
ral frequency of the fitted profile. An additional method 
he CLEAN algorithm’. A portion of the spectrum was 
ined’ with a gain factor of 0.1 until the residual spectrum 
ared to bej just random noise. The first moment of the power 
ibution in the clean spectrum over a frequency bandwidth 
pHz centred on the feature yielded the frequency estimate. 
is method was applied to spectra with I < 5. When discrepant 
lts from more than one method were found in excess of a 
w tenths of | Hz we used moment and Voigt profile tech- 
ies in order of pye The frequencies of the prograde 
T rograde mode of a given degree and radial order were 
using equation (1) to yield the rotational splittings 
ese splittings were converted from a synodic to a sidereal 





Frequency splitting (nHz)} 
2 
> 


400} 






j l 
EE E Epes et es 9 EE sme Fe E T E 
l 2 3 4 567810 20 30 50 70 100 


Spherical harmonic degree 


Fig. 2 The mean shift of solar p-mode oscillations due to rotation, 
v', is shown for a range of spherical harmonic degree. The measure- 
ments have been corrected for sensitivity to non-sectoral modes. 
The error bars represent the standard deviation of the mean. There 
is substantial uncertainty at low and high degree. The frequency 
reference frame is sidereal and the scale of surface rotation 
frequency versus latitude at the the right is based on the motion 
of magnetic features'*. The horizontal line is the surface equatorial 
rotation frequency of 462 nHz. 


reference frame by adding 31 nHz and then averaged with equal 
weight for a given value of degree to produce the values v} 
presented in Table | and plotted in Fig. 2. 

The quoted standard deviation of the mean is the standard 
deviation of the population of values divided by the square root 
of the size of the population, This is perhaps an optimistically. 
small measure of random error because we average only a few ` 
numbers at a time. For degrees 1 and 2, the formal errors were 
smaller than we felt were reasonable so we estimated that the- 
error of each frequency measurement was 340 nHz. This value 
was determined by the scatter of degree 4, 5, 9 and 10 measure- 
ments, of which we had a relatively large number. Based on the 
appearance of the single | = 100 mode, the frequency error was 
estimated to be 2.5 times the error for degree 90. The random 
errors of our frequency measurements are caused by background | 
noise and spectral fine structure. Noise is important at low 
frequencies but the major source of trouble is spectral fine 
structure. Although cases of a single, narrow spectral peak 
corresponding to a particular oscillation are seen, we typically 
observe multiple peaks within a more or less broad. envelope. 

There are at least three possible causes of the spectral fine 
structure. First, our observational suppression of near-sectoral 
modes is not perfect so that several closely-spaced modes may. - 
appear where ideally we would expect only the sectoral mode. 
The result is that beating of these. almost-resolved modes: may 
produce spectral fine structure that would be absent in observa- 
tions with better resolution. Second, the sectoral. and. near- 
sectoral modes of a given multiplet may be excited to different. 
amplitudes. This effect could produce noisy fine structure within . 
a broad envelope and it also explains the occasional appearance, 
of single, narrow peaks. The third factor is the possibility that 
the modes are coherent for times shorter than the duration of 
our observations. This effect is required to explain. the frequent 
cases of envelopes wider than can be explained by the first two 
causes. This indicates that. many oscillation modes. are short- 
lived, as found previously'*'*, To investigate the lifetime ques-. 
tion further we selected some low-degree modes for which our 






















“Table 1 Average gidereal frequency splittings 














Observed Corrected Frequencies of averaged Observed Corrected Frequencies of averag 
splitting, splitting modes, Degree splitting, splitting modes, > 
vi (nHz) (nHz) vao (mHz) (D vi (nHz) (nHz) Vag (MHZ) 
660 + 170 660 2.56, 2.96 18 432 3 439 2.72, 2.87, 3.30 
500 70 500 2.08, 2.76, 2.89 19 434 H 442 2.47, 2.90, 3.19, 3.33 
460 52 461 2.81, 2.95, 3.08, 3.35 20 434 n 442 2.20, 2.50, 2.64, 2.79. 
440 19 441 2.32, 2.46, 2.59, 2.73, 2.86, 3.22, 3.37 
3.13, 3.27 21 436 6 444 2.23, 2.53, 2.68, 2.82 
5 440 22 442 2.10, 2.24, 2.37, 2.51, 2.64, S 3.26, 3.55 
2.78, 3.46 22 435 6 443 2.26, 2.41, 2.56,.2:71 
420 15 423 2.28, 2.69, 2.82, 2.96 3.00, 3.15, 3.29, 3.44. 
440 10 443 2.32, 2.59, 3.01, 3.28 23 440 3 448 2.13, 2.74, 2.89,.3.62 
420 35 424 2.22, 2.50, 2.77, 3.32 24 440 8 448 2.32, 2.47, 2.92, 3.0 
426 g 431 2.13, 2.26, 2.40, 2.68, 2.95, 25 446 6 454 2.18, 2.34, 2.49, 2.65, 
3.09, 3.51 2.95, 3.24 
442 li 447 2.16, 2.30, 2.44, 2.58, 2.86, 26 447 5 454 2.37, 2.52, 2.83;2 ee 
3.27, 3.69 3.57 ; 
464 12 470 2.48, 2.62, 2.90, 3.17 27 446 2 454 2.23, 2.55, 270,2; 86 
452 14 458 2.38, 2.52, 3.08, 3.35 28 442 4 450 2.25, 2.42, 2.57, 319, 
437 2 443 2.41, 2.69, 2.83, 2.97, 3.11, 29 438 7 445 2.76, 2.91, 3.07. 
3.25, 3.68 30 450 2 457 2.78, 2.94, 3.09- 
438 6 445 2.45, 2.59, 2.73, 2.87, 3.15, 40 453 5 460 2.50, 2.68, 3.02, 3; 19, ; 
3.43 50 452 2 459 2.86, 3.05, 3.23 °°: 
15 432 8 439 2.47, 2.62, 2.76, 2.90, 3.04, 60 449 5 456 2.44, 2.85, 3.23, 3.41 
3.18 70 453 5 460 2.36, 2.79, 3.00, 3.20 
16 435 ll 442 2.37, 2.66, 2.80, 2.94, 3.08, 80 451 4 458 2.23, 2.47, 2.70, 2.92, . 
3.22 90 464 4 471 2.33, 3.05 
17 434 7 441 2,26, 2.40, 2.55, 2.69, 2.98, 100 464 I0 471 2.42 


3.12, 3,26 


¿o ability to isolate individual modes is good. The time variation 
#Scof amplitude and frequency of the individual modes was investi- 
: gated by computing their analytic signal” representation. We 
nd characteristic times of amplitude and frequency fluctuations 
pically a few days (but with a large range). This suggests 
nuinely short lifetime for some modes but much more work 
needed. Whatever the cause of spectral fine structure, the 
width of the spectrum of typical oscillation modes is several 
times larger than our frequency resolution of 700 nHz, and it is 
hard to measure an accurate average frequency. This problem 
is most severe at high frequency and high degree. For these 
reasons, only about one-third of the modes we examined are 
included in Table 1; the other modes are too ill-defined. 

_ Apart from random noise effects in our results, there are also 
“systematic effects. Our observational geometry presumes that 
the Carrington rotation axis is the correct one. If the true rotation 
axis is different, the observed amplitude of the sectoral modes 
would be reduced and we might incorrectly identify a spectral 
“feature’as sectoral when it was not. Such a misidentification 
would lead to a smaller rotational splitting. We believe that the 
tror of aligning our observations with the Carrington axis is 
only of the order of 0.1 degree. This would produce a negligible 
hange i in the amplitudes of sectoral harmonics. The remaining 
ssue is whether the Carrington axis applies to the entire Sun, 
The present results appear to be consistent with a single rotation 
axis but we cannot exclude other possibilities without further 
analysis. 

The sensitivity of our observations to near-sectoral modes 
discussed earlier produces an important systematic effect. This 
is significant at larger degrees because our observing geometry 
does not then distinguish well between sectoral and near-sectoral 
-modes of the same degree. Such modes are shifted by a few 
Hz less than the sectoral modes and are not well resolved in 
our spectra. This could lead to a systematic underestimate of 
the sectoral mode shifts. We calculated the size of the effect by 
< assuming that sectoral and near-sectoral modes are excited to 

-equal amplitudes. The corrections do not exceed 8 nHz and are 
included in the results listed in Table 1 and plotted in Fig. 2. 

» Another possible source of systematic errors is mode misiden- 
tification. In some areas of the /~» spectrum we are certain 
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that the modes are correctly identified while in other area: 
are less confident. The difficult areas are those in which 
Vadai 7 Vat <20 pHz. The difficulty increases as Av decre 
below 20 pHz and is caused by a combination of tem] 
sidelobes, significant response to several degrees and no: 
sectoral modes and the short lifetime of modes. Therefore, 
have been unable to perform the mode identification proce 
for 1> 100. : 


Conclusions 


Bearing in mind the observational limitations, what are t 
significant results? Starting at high degree, Fig. 2 shows’a rot 
tional splitting value slightly larger than the equatorial rotati 
frequency of surface magnetic features'®. Proceeding to lo 
degrees we find a smaller rotational splitting. The reason 
the increase at degrees 10-12 is not clear. An increase in rot 
tional splitting starts at degree 3 and reaches a maximu 
degree 1. The low-degree increase is not well determined a 
we admit the possibility of either no low-degree increase or 
substantially larger one. 

Deducing the internal solar rotation from these rosula is 
simple because the observed rotational splittings are radial 
latitudinal averages. The high-degree sectoral modes are stron 
concentrated near the surface and the equator. For decr 
degree, both the depth and latitude penetration increase, I 
suppose that there is little or no latitude variation of 80 
rotation we can form a rough idea of the radial variation | 
successively examining the splitting measurements that avera 
over successively greater depths beneath the surface. Thus, t 
'=90, 100 results that pertain to shallow depths suggest 
solar rotation is faster than the surface rate just below the surfa 
The lower degree results that average to greater depths indica 
that the rotation rate gradually decreases inward to well bel 
the convection zone until a rapidly-rotating region correspon 
ing roughly to the energy-generating core is encounter 
Extremely rapid rotation within the Sun, except possibly for th 
inner core, seems to be excluded by our\measurements. Wh 
we compare this conclusion with the cont®bution of rotation 
various radii to the net measure of the gravitational quadrupol 
moment of the Sun’, Ja, we conclude that J, must be clos 
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s interesting to compare the pregent.results with those of 
ous investigators referred to here as the Birmingham'®, 

M? and SCLERA® groups. At degrees 1 and 2 our 
tting results are consistent with the frequency width of the 
s observed by the ACRIM group. Our measured splitting 
is within the upper limit set by the ACRIM data. The 
imes of the modes that we deduce are also consistent with 
IM results when one allows for the various definitions of 
etime that are used. Our degree | splitting result agrees well 
the Birmingham result but the degree 2 results disagree. A 
ssible explanation is that the short lifetimes of the modes plus 
‘beating effects produced frequency fine structure in the 
ngham data that was interpreted as being due to rotational 
ng. This idea could also explain the appearance of more 
ency components than expected in the Birmingham data. 
did not observe the same modes as the SCLERA group but 
né assumes that the value of rotational splitting is not a 
yng function of frequency for a given degree then our results 
not agree. The SCLERA results are about three times larger 
nthe splitting that we find for p-modes of the same degree; 
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screpancy is not clear. “Additional, 
itdependent frequency splitting measurements would be | 
valuable. 

Our measurements suggest that most of the Sun rotates slightly 
slower than the surface except for a more rapidly rotating core. 
The errors of measurement are such that we cannot exclude the 
possibility that the Sun rotates at a rate independent of radius, 
although this seems unlikely. A more complete interpretation 
of the measurements requires comparisons with model calcula- 
tions—this is done in an accompanying article’. Analysis of 
observations we made in collaboration with M. Pomerantz from 
the geographical South Pole is underway with the aim of distin- 
guishing between latitude and radial rotation variations and to. 
define the direction of the rotation axis with depth. 
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frequency difference between prograde and retrograde sectoral solar oscillations is analysed to determine the rotation 
of the solar interior, assuming no latitudinal dependence. Much of the solar interior rotates slightly less rapidly than 
urface, while the innermost part apparently rotates more rapidly. The resulting solar gravitational quadrupole moment 
-7 and provides a negligible contribution to current planetary tests of Einstein's theory of general 























AR oscillations can be used to probe the structure and 
ics of the Sun. In particular, rotation produces, in the 
m of acoustic (p-mode) oscillations, fine structure that 
be used to determine the internal rotation” 3. Knowledge 
variation of rotation rate with depth and latitude would 
yw us to determine the gravitational quadrupole moment of 
un, and would provide valuable information about the 
dynamo. Furthermore, we would gain new insight into the 
nal structure and history of the Sun. 
e individual normal modes of oscillation of the Sun can 
aracterized by a radial order n, and a spherical harmonic 
¿i and azimuthal order m. In the absence of rotation and 
gnetic fields, each (n, /) set is (2/+1)-fold degenerate with 
ct to m. Rotation breaks this degeneracy, producing rota- 
nal splitting in ber Annee spectrum: modes propagating 
he sense of the roffltion are shifted to higher frequency, while 
es “propagating against the rotation are shifted to lower 
ency. Acoustic oscillation modes of low degree penetrate 


deeply into the interior, while high-degree modes are confined 
near the surface. Measurement of rotational splitting for modes 
of different degrees provides a means of determining the vari- 
ation of rotation rate with depth. 

Fine structure in the spectrum of low-degree solar oscillations, 
attributed to rotation, has been observed. Claverie et al.’ reported 
a fine structure consisting of 2/+1 peaks in their spectra of 
observations of low-degree (1=1,2) 5-min oscillations in. ~ 
integrated sunlight. If, however, the fine structure they saw were 
due to rotation about a single axis, their spectra should. have 
shown only / +1 peaks. Isaak? suggested that the fine structure 
was actually due to an inclined, rotating magnetic field much 
like that postulated earlier by Dicke“. Woodard and Hudson’ 
have established an upper limit of twice the surface rotational 
splitting for I= 1, 2 modes. This limit is consistent with the result 
found by Claverie et al* Duvall and Harvey! reported a con- 
sistent value for /= 1, but their value for / = 2 differs from that, 
of Claverie et al’. The finite lifetimes of these modes has been 
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Fig. 1 The square roots of the averaged splitting kernels, VK), 

for {= 1 and 100 as functions of fractional radius r/R. The /= 1 

kernel is an average of the two kernels corresponding with the two 
observed values of n, The ordinate scales are arbitrary. 









suggested’ as a possible source of the discrepancy. 
Bos and Hil” observed low-frequency oscillations of limb 
darkening. Hill et al? and Gough’? used these results to infer a 
steep. gradient in the rotation rate in the solar convection zone 
and an interior rotating about six times more rapidly than the 
face. On the other hand, low-frequency Doppler oscillations 
analysed by Delache and Scherrer'' suggested that the region 
“below the convection zone rotates approximately only half that 
rapidly. 
_ ‘Duvall and Harvey! present values for rotational splitting, 
-about the surface axis, of prograde (m=~) and retrograde 
(m = +1) sectoral oscillation modes in the frequency range 2.1- 
3.7 mHz and with | between | and 100. Frequency differences 
between 180 prograde and retrograde mode pairs were computed 
according to 
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Thése were then averaged over observed values of n, with equal 

veight. to increase significance without appreciably degrading 

the resolution in radius, for each | to produce 37 values of 

- yOtational splitting, vi: We use these values here to determine 
the internal rotation rate of the Sun. 





V ndma t+ (1) 






„Rotational splitting 


:-In-general, the rotation rate may be a function of radius and 
latitude. However, we have little information on the dependence 
of the rate on latitude from sectoral modes alone. These modes 
are. concentrated near the equator, between latitudes ~+/7'/? 
when / is large, therefore, we really measure only an equatorially- 
concentrated average of the rotation rate over a varying, restric- 
‘ted range of latitude. Because of this concentration, sectoral 
odes are well suited for investigation of the radial variation 
f rotation near the equatorial plane. Assuming that the rotation 
equenicy r,a, depends only on radius r within an appropriate 
itude range, the frequency splitting, vhn is given’™'? by 


R 
vit m | Kufr) Voll) dr (2) 
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where R is the solar radius, and K, is the splitting kernel, which 

we have calculated from two essentially equivalent solar models 
(ref. 14 and H. Saio, personal communication). The averaged 
‘rotational splitting v; satisfies a similar equation with K,, 

—o replaced by the uniformly weighted average of appropriate 
Kernels, K, If v were known for a sufficient variety of oscilla- 
tions, we could obtain v,,,(r) by solving the averaged integral 
equation (2). We present the averaged splitting kernels, K, for 
the lowest (/=1) and highest (/= 100) degree oscillations in 
Fig.l to illustrate the range of depth penetration for the acoustic 
modes that we used. Slightly more than half the contribution 
o the /=1 kernel comes from beneath the convection zone, 
whereas the /= 100 kernel does not penetrate even to the base 
-of the convection zone. Although the lowest-degree oscillations 
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Fig. 2 An eighth-degree polynomial representation of rotat 
frequency V alr) as a function of the fractional radius r/R, 
comparison, the surface rotation frequency at the equator is 

dashed line at ~0.46. Hz. 


do penetrate into the deep core, most of the information co 
tained in these modes comes from the outer regions, and th 
calculated rotational frequency of the core must be. the mi 
uncertain. 


Inversion of data 


We present three different inversions of the integral ¢ equat 
(2): simple fitting of a polynomial, an optimal averaging 
cedure suggested by the work of Backus and Gilbert 
fitting of a piecewise constant representation of raft): Fi 
2 shows a least-squares fit of an eighth-degree polynomial re 
resentation of v,,.(r) to the data. The solution is essential 
for r>0.4R, with only modest deviations from the equator 
surface rate. For r<0.4R, where the results are less certain, t 
curve shows a dip and then a sharp rise with decreasing r. T 
general features of this fit are reproduced by the other tw 
techniques. The curve is cut off for r<0.1R, because only 
of the deepest kernel (/=1) penetrates this region. All 
degree polynomial fits have structure similar to that show 
Fig. 2, although the positions of the maxima and minima va 
with degree, and the rise at small values of r becomes: mo 
dramatic with increasing degree. Higher-degree polynomia 
show finer scale structure than the data can resolve: : 
The optimal averaging technique has the advantages that 
depth resolution and error magnification are readily estim 
and that a tradeoff can be made between these two quantities 
increasing resolution. leading to larger error magnification, Th 
method seeks weighted averages, D, of the splitting kernel 
are concentrated at different radii, rọ and that have unit integr 
with respect to r; 


D(r, ro) = % 1 Kir) 


If we were successful in concentrating D about ro, 
resembles the delta function, 6(r—ro), and we might set 


R 
rated f D(r, To) Pro (1) dr =F arvi 
0 


In our calculations, we have adjusted the parameter affect 
the width of D so that the relative error in y,,.(r) is small. The 
procedure was successful within the convection zone, r> 0.7 
with the results shown in Fig. 3. Unfortunately, the straightfor- 
ward optimal averaging procedure fails to generate D’s that are 
well-concentrated deep in the Sun, because all of the K’s have 
large amplitudes near the surface. With only 37 different K 
there is no linear combination that is large in the core and that 
adequately cancels near the surface. To overcome this difficult 
we truncated the kernels by setting K = 0 throughout the con 
tion zone and subtracting from the splittingjata the contribution 
from that zone. The latter was computed Wing a smooth, irve 
drawn through the points in Fig. 3 at radii >0.7R. The op al 
averaging procedure was then applied to the truncated kernel 
















































‘ig. 3 An optimal-averaging-procedure solution of v,,,(r) as a 
‘function of fractional radius r/ R. The solution below r = 0.7 R used 
modified procedure discussed in the text. Bar widths indicate 
the halfwidth of the D kernels and bar heights reflect the standard 
errors of the observations. 
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4. a, A piecewise constant solution of r a(r) as a function 
of fractional radius ri R. The fit to the observations was done by 
imizing x”. The average error bars indicate the observational 
certainties, b, As a, except observations of |= 90 and 100 were 
ignored. 


d the adjusted data to provide the solution for r<0.7R shown 
Fig. 3.-Of course, we could have continued by successively 
uncating the kernels at smaller and smaller radii, but we did 
¢ fear that the results would be unreliable. 

ally, we represented v a(r) by a simple, piecewise constant 
ction—a sequence. of bins with v,,, constant in each. The 
sion of equation (2) then reduces to a set of linear, algebraic 
ations for the unknown rotation frequencies. We solved the 
‘oblem by minimizing y? where x? is the sum of the 37 ratios 
‘square of the difference between each fit and the measured 


| ernels, D, obtained fi rom the Backus and 
ilbe procedure, re used to estimate their relative widths, 
epl for the inner two where the method fails; for these the 
dths were assigned arbitrarily. Figure 4a shows the rotational 


frequency ‘by bin and the width of each bin. Th 








encertainties in the observed splitt ngs. attribu g no error to, 
the solar model. Only the outer part of the innermost bin is 
plotted to emphasize that the rotational splitting kernel is sig- 
nificant only in the outer part of that bin. Figure 4a is quite 
similar to Fig. 3, except at small radii where the optimal averag- ` 
ing procedure fails to give a reliable result. The largest differen- 
ces between Fig. 4a and the polynomial fit of Fig. 2 occur in. 
the deep core where the calculations are most uncertain. All. . 
three solutions (Figs 2~4a) show much of the interior rotating 
at or below the equatorial surface rate. 

To explore the dependence of the inferred internal rotation 
shown in Fig. 4a on the observed splittings, we minimized y? _ 
ignoring the observed /=90 and 100 splittings which differ 
markedly from the other high-degree data. The only appreciable. ` 
changes shown in Fig. 46 are an increase in the difference 
between the rotation rates in the two bins nearest the surface 
and an increase in the uncertainty of those two rates. This 
emphasizes the important role of the /=90 and 100 splittings 
in determining the rotation rate near the solar surface, We note 
that there were no noticeable changes in the deeper rotation 
rates. Similarly, removal of |= 1, 2 and 3 data successively from 
the solution gave results for r<0.4R very similar to Fig. 4a 
except with increasing uncertainty. Thus, the largest departures 
from a rigid rotation rate in Fig. 4a arise from the low and high 
degree splittings; unfortunately, these are the most difficult to 
measure. Without them, the observations are consistent with 
rigid rotation, at a statistically significantly slower rate than the 
equatorial surface value. Thus the three methods yield similar 
internal rotation. Figure 4a is a good representation of the radial 
variation of rotation that can be inferred from the available. 
data. Measurements of non-sectoral modes would enable usto 
explore the latitude dependence. Improved measurements. of: 
low- and high-degree rotational splitting may significantly 
change our results for r<0.3R and r>0.9R. 


Discussion 


We now consider some of the theoretical implications of our 
results. Note that some of the structure in our r alr) could be 
due to latitude variations of rotation. However, a latitudinal 
variation alone cannot explain both the observed surface rota-» 
tion and low-/ splitting measurements that are most sensitive to ~ 
latitude effects. Many models (reviewed in ref..16) of the convec- 
tion zone suggest a relative maximum in +,,,(7) near the surface 
that is consistent with our results. Between 0.9 and 0.6R there . 
is little structure in the rotation rate on the resolution scale 
implied by the data, which implies that there is no significant 
change in rotation rate at the base of the convection zone. The 
general flatness of the rotation rate in the convection zone is 
consistent with the Solberg~Hgiland criterion for dynamical > 
stability'’, The nearly constant rotation just beneath the convec- 
tive envelope is stable to the Goldreich-Schubert—Fricke 
instabilities'*'°. For r<0.4R our v,.(r) is significantly below 
the minimum suggested in ref. 20. 

The dimensionless measure, J, of the solar gravitational 
quadrupole moment obtained from the rotation curve in Fig. 
4a is (1.740.2)x10°’. The quoted error follows from the 
observational uncertainties. An additional uncertainty of +0.3 
10°” arises from the range of plausible interior models, so the 
total uncertainty associated with our value is 0.4 x 1077, The. 
value of J, is slightly less than the value for rigid rotation, | 
1.8 x 10°’, reflecting that much of the interior is rotating slightly 
slower than the surface. J, was calculated using 


R 
h= | F(r)vi(r) dr (3). 
Q 
where F(r) is the J, kernel plotted in ref. 10. Our rotation rate 
is most uncertain for r<0.3R and r>0.9R, where F(r) is quite 
small. By using equation (5), we have assumed that rx is 
independent of latitude throughout the Sun. Thus although our 
quoted error might be optimistic, we point out, however, that 















egion where we have measured vor ê 
ccording to parametrized, post-newtonian theories of gravi- 
ion, the predicted advance of the perihelion of Mercury is 


= 42.95[(2 +2y —B)/3+2.9 x 10°] arcs per 100 yr (6) 


where y and £ are parameters which are both unity in general 




















oS Shapiro et al.’ 


(2+2y— B)/3 = 1.002 + 0.005 and 1.006 + 0.005 (7) 


Our value of J, makes an essentially negligible contribution to 
equation (7). In particular, the contribution of the J, term from 
equation (6) to equation (7) is a factor of J0 less than the errors 
quoted in equation (7), which are due to the planetary data. 
-co Therefore, at the present level of accuracy of the planetary data 
© our-value of J, is not in conflict with general relativity. 
-As noted above, there is an apparent discrepancy between 
observational estimates of the internal rotation. We calculate a 
jarkedly slower internal rotation rate than Hill er al”. The 
discrepancies between the two results are much larger than the 
_ measurement uncertainties appear to allow. Unfortunately, there 
< are no modes common to both data sets, so a direct comparison 


and that of Anderson et al", we have 











. of splittings is not possible. The theory by which the interior 
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‘the dominant contribution to J; comes from low latitudes, the 


“relativity. Combining our value of J, with the planetary data of 


. Claverie, A., Isaak, G. R., McLeod, C. P., van der Raay, H. B. & Roca Cortes, T. Nature 










sufficiently well understopd that the two different sets of spl 
tings should yield comparable rotation rates, at least if Pros 
slowly varying function of r. 

It is mathematically possible (see ref. 23) to find a functi 
Y,a that is consistent with all of the data, but we find it impla 
ible that the details of the rapid rotation variation that wo 
then be required would be such as to impart high rotationa 
splitting just to the modes that happen to have been identifi 
in one set of observations. This suggests that there are systema 
errors in at least one set of results. The most likely source. 
systematic errors is mode misidentification, that is, eith 
feature in a spectrum that is not a mode is wrongly ide ifi 
as a mode or a feature is assigned incorrect values of 1 
The relative simplicity and high resolution in / in the spe 
of Duvall and Harvey’ compared with Bos and Hill’, 
unexpected appearance (Fig. 1 of ref. 9) of zonal modes 
latter analysis, lends confidence to the present work. 

This work was done while T.L.D. was a visiting astronome 
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work of P.R.G. was partially supported by the NSF Astrono 
Division and the Air Force Office of Scientific Research. 
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The sequences of the wild-type gene, a 





Mutations in the fushi tarazu (ftz) locus of Drosophila result in embryos with half the usual number of body segmen 
temperature-sensitive allele and a dominant mutant allele are presented. A portio 
f the conserved protein domain present in ftz and several homoeotic genes resembles the DNA-binding region of prokaryote 
NA-binding proteins, and is also similar to products of the yeast mating-type locus. 












TWO well-defined processes in the development of Drosophila 
melanogaster are the establishment of a segmented body pattern 
and the specification of segmental identity (see ref. 1 for dis- 
cussion). A large number of genes involved in establishing 
proper segmentation have been identified*"’. The homoeotic 
genes of the bithorax complex (BX-C) are involved in determin- 

ing the identity of thoracic and abdominal segments’ '". A 

«second cluster of genes, the antennapedia complex (ANT- cy", 

~~ fanctions primarily in head and thoracic development and con- 

tains homoeotic loci, for example Antennapedia (Antp), Sex 
combs reduced (Scr) and proboscipedia (pb), and a segmentation 
gene fushi tarazu (ftz)*. Recessive lethal fiz mutant alleles result 
in embryos having half the normal number of segments. This 

1 henotype - has also been interpreted* as having homoeotic 

facter as the pairwise fused segments appear to have the 











fiz and of the Ultrabithorax (Ubx) gene yr BX-C share ar 
















identity of the more anterior segment, that is, (TI +T2)> T1 
(T3 +A1) > T3, etc. Temperature shift experiments with a tem 
perature-sensitive allele, fiz", indicate that ftz expression. i 
required only during the cellular blastoderm stage between 
and 4h after fertilization’; this is the time at which fiz tran 
scripts are most abundant", long before segments become. vis: 
ible, suggesting that ftz functions in establishment but not main. 
tenance of the pattern. 

Molecular characterization of the ANT-C has included iden 
tification of the Antp and fitz transcript units'?""*. One importan: 
finding is that the coding regions of the 3’ exons of Antp an 


~ 180-base pair (bp) (60-codon) region of omology'”"*. Ove 
90% of the amino acid sequences in this region are conserved!“ 
The amino acid composition of the region is 28-30% lysine an 











stable in pEMBL single-stranded plasmids", which has allowed 
adopt the sequencing strategy of Frischauf et al.” for use 
vith dideoxynucleotide sequencing. pEMBL plasmids contain the 
plication origin and are replicated as single strands and 
ac! aged as phage when FI infection provides replication func- 
ons in frans“*; DNA purification and subsequent, enzymatic steps 
ẹ performed according to standard protocols’. Preparation of 
le-stranded DNA was as described elsewhere”, DNA to be 
nced (in this case a 3.5-kb HindIII fragment containing fiz) 
Joned into a site in the pEMBL polylinket as far as possible 

‘om the primer site (in this case, the HindIII site of pEMBL9"). 
‘average of one random or quasi-random cut per molecule is 
de with DNase I in the presence of Mn** (ref. 41) or with 
¢tion enzymes. A second cut is introduced with a restriction 
that cleaves as close to the primer site as possible, but 
ich fails to cleave the insert DNA (Smal in this case). The ends 
f the. DNA are. repaired with the Klenow fragment of DNA 
olymerase I followed by ligation of the DNA at concentrations 
whi favour recircularization (10 pg m1™'). Thus a series of dele- 
s is generated, each having one end at the polylinker site. To 
eliminate clones deleted in the direction opposite to the insert 
NA, the ligated DNA is cleaved with a second enzyme which 
uts only at a site in the polylinker between the first restriction site 
nd the insert DNA. DNAs with deletions extending in the wrong 
direction are cleaved while those with deletions into the insert 
thus lacking this second restriction site) remain uncut. The DNA 
dis then-used to transform E. coli strain 71-18 (ref. 38), selecting 
r ampicillin resistance (Amp). Circular molecules transform 
it. a much higher frequency than linear ones, eliminating most of 
e clones which have deletions extending in the wrong direction. 
bout.500 amp” colonies are pooled in liquid culture and infected 
Ath Fi strain IRI. Single-stranded FI and pEMBL-derived DNA is 
ed from the resulting phage mixture. This step selects against 
ions which destroy the FI replication origin of the pEMBL 
ids. The mixture of single-stranded DNAs are then converted 


















etermined per end being 250-350 bp). 


rginine: the region may be involved in DNA or RNA binding. 
région of homology also hybridizes with several other 
ns within the ANT-C and BX-C, suggesting that the genes 
ọ complexes are functionally and evolutionarily related 
hat the region of homology defines a common function or 
p rty of the products encoded by these complexes, In par- 
it suggests a relationship between at least some 
oeotic (Antp and Ubx) and segmentation (ftz) loci. 
ftz gene has been delimited to a 3.2-kilobase (kb) DNA 
ent (3.5 kb in some fiz* chromosomes)'’; this fragment 
ins both a 1.8-kb transcript and the two molecular lesions 
far associated with fiz mutations (a 4.9-kb insertion and a 
ocation breakpoint). Here we report the DNA sequences 
hree fiz alleles (the wild type and two mutations) and discuss 
implications of this sequence information for the function 
fiz and related genes. 


cture of the fiz gene 

lones for dideoxynucleotide sequencing of ftz were construc- 
as described. in Fig. 1 legend. The regions sequenced are 
marized. in Fig.2 and the nucleotide sequences of fiz 
‘nomic and cDNA clones and of fiz” and fiz®?! mutations 
given. in Fig. 3. The fiz genomic clone contains a 1,239-bp 
reading: frame in the direction of transcription which is 
t 3y a 150-bp infon containing stop codons in all three 
! ; The cDNA cMne does not contain this intron. Transcrip- 
starts at position — 191 as determined from primer extension 
iments (data not shown), The —191 start point is also 





DNase! + Mnt" 
A E iei E 


kienow, 
ligate 


Oprionèi: cut at 2na 


site in polytinkgr 
tranatorm 71/18 poaa 
to amp! e 
poot colonies 


infect with Ft, 


purity sad 
anneal primer 
gen 





klenow 


agarose gel, cut out 
aize fractions 
sete icine a 


transtorm 73/18 to amp’ with 
DNA Irom gel fractions 





agarose gel of plasmids from 


gei fraction trangstormaot 
f eo TOURT 


| 
i 

| prepare ssDNA trom 
m : clones with deletions 


of correct size A 
i memenne  didegxynpcieolide sequencing 








double strands by annealing of the pentadecamer sequencing primer (New England Biolabs). and synthesis of the second strand with Kienow 
fragment. 2ng of primer are annealed to 0.1 wg single-stranded DNA in 15 pl of 20 mM Tris-HCI pH 8.5, 16 mM MgCl, at 42°C for 1h; to 
his mixture is then added 2 pl of each 2 mM dXTP, I pl of 0.1 M dithiothreitol, 4 pl HO, 0.5 pl Klenow (5 units pl”'). The reaction is carried 
ut at 37°C for 30 min, after which an additional 0.5 pl of Klenow is added, followed by 30 min more at 37°C. The DNA is then fractionated 
na.0.7% low-melting temperature agarose gel and slices between the sizes of pEMBL (deletion of entire insert) and pEMBL + insert (not 
deleted) cut out. Only DNAs which contain the primer site will be converted to double-stranded molecules, again selecting against deletions 
Ktending in the wrong direction. DNA is extracted from the gel slices and used to transform strain 71-18, selecting for ampicillin resistance. 
The sizes of deletions in individual amp’ clones are determined by agarose gel electrophoresis of double-stranded plasmid DNAs. Dideoxynu- 
leotide sequencing is done using single-stranded DNA from clones with deletion end points 200-300 bp apart (the length of sequence 


consistent with the structure of the cDNA (see below), Two 
‘TATA’ boxes occur 21 and 31 bp upstream from the transcrip- 
tional start; the latter is the more conventional spacing. A series 
of ‘AATAAA’ poly(A) addition site sequences occur immedi- 
ately downstream from the 3' end of the cDNA, but no data 
are available to determine which of these is used. A transcript 
ending within the series of polyadenylation sites, with the intron 
spliced out, would be approximately 1.8.kb in size, in agreement 
with the size of the previously reported fiz RNA”, 


Structure of the fiz cDNA clone 


The first 91 bp at the 5’ end of the cDNA sequence do not 
correspond to the genomic sequence (Fig. 3). The structure of <") 
the 5’ end of the cDNA clone could have arisen if, during cDNA: 
synthesis, an inverted repeat complementary to the. 5’ end- of- 
the transcript (Fig. 3) formed a hairpin structure in the «first 
cDNA strand (Fig. 4). The hairpin could then serve to-prime 


second strand synthesis. S; nuclease was used to remove 'the 
foldback loop during preparation of the library and the observed: - 


cDNA 5’ end would have been created by S, nuclease cleavage 
at the site indicate in Fig. 4. The cloning of the cDNA was- 

completed. by ligation of EcoRI linkers, transformation into 
Escherichia coli, and apparent subsequent resolution of the 
heteroduplex in favour of the bold-lettered strand in Fig. 4. As 
synthesis of cDNA libraries commonly relies on self-primed 
synthesis of the second cDNA strand, it is likely that many 
cDNAs will contain such anomalous sequences at their 5’ ends. 
Another example has been observed in a Ubx cDNA clone from. 
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the same library (M. Goldschmidt-Clermont, R. Saint and D. 
S. Hogness, personal communication). The secondary structure 
¿atthe 5’ end of the fiz mRNA could have a function relating 
"to: the translation, processing, localization or stability of the 
RNA. 
- Encoded proteins 
“The first AUG in the ftz transcript is 24bp in from the 5’ end 
at position —97 in Fig. 3; translation starting at this AUG would 
result in a 22-amino acid peptide ending at a UAG triplet. This 
reading frame is out of register with the main 1,239-bp fiz open 
frame. The context of adjacent nucleotides at the -97 AUG has 
{been observed only once in initiator AUGs but is found 14 times 
in‘nonfunctional’ upstream AUGs'’. However, the codon usage 
of this short open reading frame is biased correctly for D. 
-melanogaster coding regions (P. O'Connell and M. Rosbash, 
"personal communication), suggesting that it may be functional. 
‘As the 22-codon open reading frame is within a hairpin loop 
-of the RNA (Fig. 4), its translation might influence RNA secon- 
ry structure. It will be necessary to generate mutations within 
ie 22-codon region to determine whether it is functional. The 
second AUG in the fiz transcript is the beginning of the 1,239-bp 
n reading frame (position 1). The second AUG may also be 
olved in base pairing if the secondary structure shown in 
ig. 4 exists in the mRNA. The third AUG at position 46 is also 
in the correct frame and is not included in the inverted repeat 
at the 5’ end of the ftz transcript. Translation starting at position 
1 would yield a 413-amino acid protein of molecular weight 
(MW) 45,000 while initiation at position 46 would yield a 
398-amino acid protein of MW 43,500. 
By several criteria the ftz protein seems to be divided into 
three domains. The 189-bp Antp, ftz and Ubx homology region 
begins 8 bp downstream from the 150-bp intron in ftz and the 
-> break in homology at the 3’ end is abrupt. Of the residues 
encoded by the homology region, 30.6% are basic while the two 
remaining portions of the protein at the amino and carboxyl 
_ ends are 9.9% and 10.4% basic, respectively. Thus, the protein 
_ -seems.to be divided into relatively neutral amino-terminal and 
> carboxy-terminal domains with a very basic homology region 
‘domain in between. In addition, the amino and carboxyl 
domains each comprise more than 10% proline and 10% 
















Fig. 2. Summary of dideoxynucleotide sequencing of wild-type and mutant fiz genomic clonés and a fiz cDNA clone. Deleted clon 
sequencing were derived as described in Fig. 1 legend, except for the sequences of fiz’ and fiz®?' in which. deletions were made fro 
specific restriction sites. The genomic clone is a 3.5-kb HindIII fragment from a fiz? P” chromosome’. The fiz" mutation was induce 
“on this same chromosome. The fiz cDNA clone was isolated as a 1.7-kb EcoRI fragment from the Oregon R, 0-5-h embryonic cDNA libra 
of Goldschmidt-Clermont, Saint and Hogness (personal communication 
the maps of these clones respectively. Open bar, coding region; solid bar, intron. The positions of TATA and AATAAA boxes are § 
arrow, start of transcription. The region of homology with Antp and Ubx'® is shown expanded, as are the positions of the fiz 
mutation and the ftz®”! (refs 2,3) reciprocal translocation breakpoint: material to the right (distal) of the fitz??? breakpoint is from chromoso! 

2, or may be a small insertion of unknown origin'?. B, BamHI; Bg, Bg 
DNA was prepared for sequencing as described by Biggin et al. except that reactions were done in the wells of microtitre plates (D.-Peatt 
personal communication). ; 


). Genomic and cDNA sequencing runs are shown above and belo 


NI: E, EcoRI; H, Hindlil; P, Pstl; S, Sall; X, Xhol. Single-strand: 








homology with 
Antp and Ubx 


tyrosine and the carboxyl domain comprises almost. 15 
glutamine. The homology domain is not rich in any of th 
amino acids. Z 
Comparison of the fiz genomic DNA sequence with that 
the cDNA clone (isolated from the Oregon R cDNA library 
Goldschmidt-Clermont, Saint and Hogness) revea 
sequence polymorphisms (Fig. 3): four of these are in the th 
base of a codon and‘do not change the amino acid sequence 
Another third-position difference at nucleotide 1,344 places í 
histidine, rather than a glutamine, in the cDNA. The si 
polymorphism is the deletion of 9 bp in the cDNA clone encod 
ing Tyr-His-Ser at nucleotides 139-147 in the genomic clon 


Structure of mutant fiz alleles 


The fiz locus was first mapped by using chromosome rearrang: 
ments associated with ftz mutations'*. One of the mutatio 
ftz®?!, originally found by I. Duncan, is associated. wi 
translocation of parts of chromosomes 2 and 3. The fiz*?’ all 
is of particular interest because it has both a recessive lethal 
phenotype and a dominant postbithorax-like phenotype. Th 
postbithorax (pbx) phenotype, in which posterior third thoraci 
structures are transformed into posterior second thoracic stru 
tures, is normally a recessive phenotype resulting from mutation. 
in the pbx locus of the bithorax complex. Flies that are pbx 
and flies that are fiz®?'/ + both have posterior halteres tra 
formed into posterior wings (that is, posterior T3 > poste 
T2). The dominant effect of ftz*?’ cannot be due to loss of | 
function, as flies with a deletion of ftz heterozygous wit 
wild-type ftz allele develop normally. Therefore, the dominan 
of ftz®?! is due to abnormal activity of ftz—this is consiste! 
with the partial loss of function recessive lethal phenotype 
Je., 

A restriction map of the ftz*?’ allele showed the breakp 
within the fiz gene to be near the 3’ end'?, The relevant part 
the mutant gene was sequenced (Fig. 3) and reveals that fi: 
encodes a truncated protein in which the C-terminal 100 amin 
acids of the normal protein have been geplaced by 10 ne 
amino acids. The breakpoint of the chromgome rearrangeme 
is within the sequence that is similar to the other hompeotic 
loci. The homology region is largely but not completely inta 
in the ftz®”’ protein product. It seems likely that the shortened 

















: Mind 111 oe $ i : ! 
: HOROUAGCTITATSTICTERACAATATIAT GCTATTAAAATATTECT GGTI 4 FCQSLTGT TATAGAATCAT ITT TARAAGTATAACE TAAAAAAT AMAT ARAACTAGTATYCATTTEAANAAT@BOA 
: e i 


CAGCGGGCATATAATTTATATCATATITITAAAATTTCGGCAÁAGGATGTTTECATAAAGTTTITAC TETTTACTAGTCATTTTGGAAGTGCGTITGTTGGTITT TAGGCAAATACEGGECACAGGAGTGAGTITGSGAATCONGAGTTOM<TSA 

USCACTTGCTTBGCCACGAGGGCAAACAAAAAGCECAARCACECGACCCTCGGCCACECETATTCCTGATCCCAGGGATCOGACGTAATST TATCCTTTGGCCGCECAGTGCCACGAAATAAATTCGGAGGGAAAGSGCATCHLGT TeCGHBOA 

SAACAACTGGCAGCCABTCTTCGGT GT TTT GCECECT GG CAAAAATCCAG AGAAATITTT AG GGAACCAT AAACEGSCCGGEGAAAAAGCCTCT GCCCEGAAGGAACTITICAGCAACAGTTTACAGTITTTaTgrerTTay GATTAT TASI 
Pet! 


+ 
SCAATTAGAGGAGATCEECTEAGAGTCGCECCCTCTCECTCT GCGCACCTCATAGGTAGSCACCTCAT GGCCGT AATT ACT GCAGCACCGTCTCAAGGT CG CCGAGTAGGAGAAGCGCECGEGCGGATAAATCOCGAT GATAATGGEEEC>SO4 


. 
BATGGGTAGGTAATAAGCCOCECAGCAGET AGGCACCGTACGATAAAGTT ECCAGGALCTCGEATAACTICCCCTCTCCET ECCTCAAGGACATTTCRCCGGAGGGET GGCTECSAACAGCAGECEGCAAAGTSTCAT aCocAGGGATRH481 








wit 


transcription stert 
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MetG InAspleuProgindspG inleul JeArglysLeuThrSerValAlaCysThrSerdInSerStop 


piara D GaraacmsccaccererecceA@eecreveveatTTTOCTATATATCEACEATETECE T 


ry TGCACRTCECKERGTTACAO AN hae) 
B' end CONA GAATTCCCTCCGATGTGCACGCAACGCTGSTGAGTITGCGAATGAGCTGUTCCTECGGCAGATCC 


TUG CAAALTCACCAG 8 


f Pop erar TnrAshSere iiser uit tyeserTyrataAsohs snMetTyrAsnNetTyriisProtisSerLeuProProThrtyrTyras AsnSerGiySerAsnAtaTyrTyrginAsnThrSerAsnTyrHisSerTyr 
7 GCTACCACAAACAGCCABAGCCACTACAGCTACECCGACAACATDAACATGT GAACATGTATCACCCCCACAGCCTGCCGCCCACCTACTACGATAATTCAGGCAGCAATGOCT LT ATCAGAACACCTCCAATT COACABCTAT 150 


TGCATAT AT AGCAARATLAGAG AG CO ~~ ewww rane new w ewer e nent nen tenn enw nwewenemee + 








Aileen ence nee nene Bat eee eee ee wae 





GIANG ly TyrTyrProGing luSerTyrSerGluSerCyst yrTyrT yrAsnAsnS 16 lub InValThrThré Inthe vat ProProvalg InProThrThrProProPralysalatarlysarglysataG TUASPASDATAAlaSer 
CAGEGCTACTATCCCCAGEAGAGTTACT COGAGAGCTOCT ACT ACTACAACAATCAGEABCAGGTGACCACCCAGACT STACCECCEET ECARCCRACCACECERC Eoee aA aaa oa rea IS CELLET TaB luk GCTGCTTCL3OO 





Tiel JeAladlavatG luSludrgProSerThrieuArgé laleuLeuThrAgnProvallyslysleul StyrThrProdspTyrPhelyrThrThr¥alGluGinvaltyskysalaProa laval ThrThrlys ValThrAtaser be 
ATCATCOCCECCSETESAGGAGCGACC CACTRAGGECTCTGECTCACCAATCCCETGAAGAAGCTGA GTACACCCOCGACTATTTCTACACAACCGTCEAGCAGGTEAAGAAGECTCCCRCEGTAACCACCAAGSTCACCECCAGC ESO 
eee eee eee Concent ee eR ea 





Pron laProSertyrspGtaGluTyrValThr¥alProThrProSera lasers tuasp VAspTyrleuas, 
COCRCTECCAGCTACGACCAAGAGTACETGACTGTECCCACECCCAGCECCTCCOAGGATGTCGACTACTIGGA 


SerLeuProProleuéluGly! leSerThrProProg InSerProG lyGluLysSerSerSerAlavalSerginglul reAsenisaral JeValThralaProasng UyAleglyAspbheseat ro seed isTleGlugtethe 
TETCTGCCECCCCTCOAAGECATCABCACGCCACCCCAAT CEC CGS GEE AGAAATCET CGY CAGCT GT CAGCCAGGAGATCAATCATCE A TTCAR 
Sea ae cee en mn aR EE ne Nn AD NONE Lenawee csewanewnnne 


AlaSer | intron 


ane e nt te nan Cow nn Beane nero ewan 







aU 


t 
TTGTEACAGCCCCGAATEGAGCCES GTCECACATCOAGGAGALCTTTS TSO 





GCATCA TAGGCATCACACACGATTAACAACCCCT AAAAATACACTTTGAAAATATTGAAAATATETTITIGTATACATITITGATATTYTCAAACAATACECACTTAT AARAGCTCATTGAGCTAACCCATITITICTITTGCTIATS@&OO 












Intron splys ysAspSerL ysarg rene othriyrihrargiyréiathriege TUL EU 
CTTACAQATTEGAAAGACTCGAAACGECACCCGTCAGACGTACACCCSCTACCAGACCCTEGAGCTC 


aon tte translocation AsnieutyrvelTyrThrCyslLeuCysSerStop 
TATACGTETITATETTCOTOA 
fletys 


eTrpPheslndse c rome ysser ATA sp re 
ATERAGATCTSETTCCAARACCOACECATGAAGT CGAAGAAGGATLEGCACETGGACABCT CECCEGAGCACT 











Vai Promet TyrhtsHishtsG InThrTheA lad laTyrProd lal yrSerk isSerk Aeree Tyee 


a STRCCCATE CARACCACCECCEECTACCCOECTTACAGCCACAGTCACAGTCATGG: 





SerTyrGtagInWisProgtndspleutT eltsleuserStop 
AGCY ACC AGCAACATCLACAGGACCTCTACCATCTGTCTTIGAGGTCCOECSATECTCAGTIACTOTONIC 


eudspSerSerProg tuk fst 
UecteccsatrAcacceceatectecceccact ceaseccucaascacceceaneas GEGGCA 

LeuleuAgndspTyr Prog inG 16 laThr iiss Ing InTyrAspAtalyrPrag lag Intyré tag ing ta 

CTECTCAATGATTACCCTCAGCAGCAGALCLACCAGCAGTACGATECCTACCCGCAGCAGTACCARCAGEAS 





Val 
ttr t4Tte 3 






aleuSecleaSerGluargé in 


ysb tePhen tsPhedsakrglyrite Wt Le Le ie eAspl led laasn. 
AAGGAGTTCCACTTCAATAGATACATCACCESGCETCS COUATCEATATCGLCAATSCCCTGAGCCTGASCEAAAGGCAGIOSO 





sGlyAlaGlyTyrThratanetleuProProieuG lua laThrSerThrAlaThrihrG tyk TaProSer¥alPro 





TEGSTECTA 1200 





GECCECEGAACCCAGTRECTRECCATEATEEGT TCT CAGCEATCGATTAGCT GCOGCCAAACACAAGCCCAAAACACTCAGCTGGGAGIGATAAT GGCCAAGAGACTIGGAGACTGACACACATGTITTTGTACAT ATAGTAGTTAAGAT 1800 





arreerarcaraghay7e7 TT AALEAMBRT ATR ASTAMBET A CATCCAMTTTARAACAAATCAAGTTGAAEATTEATTTGGCAATTTTGAAEAMGAGTCTTGCATGCTGCMATTGACTECTTTAAAATTTTAAAEDTAT 1950 


“"""3* end ol 


AGECCETEGCOCGTATGTEGAAT ACATTICATATGTATATGTGTTGAAAT ACAATTANATGCCTTTCAATGATAACTACTCAATAAACTTCCGAACT TAT ACE AAACGCAAACGATTT AATGTTGAGCACGAATCG TACAAATTCOAGCA 2100 


SCYGCATTTTGICGCTICAGTCCCCCTCATCCCT GACCCATTSCTEYCTCCCEGATTYICIAT PAAATGCACTCTTTTICGCCAGAGAAAAT GTCACATTITEGTCTGBCTTCGGGGCATATCTACCACCGECATCOCTGCTCCOCTTCCTCOAZSO 


CTCCOACECTECACETTCCTCTATTGAAGTGAGACATTGATTGGTAATTITTCATTGCACAT CCE TGACAGTTAT GGGT AACGCAACGCAAAAGGAAAAGCOCGGT GCEG AAT CGGATTCGGAATCAGAATCAAT ATCAAAGGCAAAGGE 2400 


Banti 


Hindit 


t : ; 
GATCCATGTECAGTCGAATAT ATCCCGGCACCATTTATCCGACTCATTAGACAAAAGTGGTCGGTGT GT GAGTTCGAAGTGGCAT CT STSGGCACTITAGT GTIAGET GCGAATTGTGGCATTGGTTAAGCTT 2534 





Fig. 3. DNA sequences of ftz. The genomic sequence is numbered from ~1,020 to +2,534. The amino acid sequence of the encoded protein ` 
hown above the DNA sequences. The cDNA sequence appears below the genomic sequence starting at —65 and ending at the EcoRI site a 
at 1,818. Dashes are shown where the cDNA sequence is the same as the genomic sequence. The region of homology with Antp.and Ubx is 


denoted by arrows running in opposite directions. fiz" and fiz®?! 


joxed, as are putative initiator ATGs, TATA and AATAAA boxes. A large imperfect inverted repeat at the 5‘ end of the transcription unit is 
mutations are shown together with the resulting change in amino acid 


“sequence. The cDNA clone ends at the genomic EcoRI site, presumably due to incomplete EcoRI methylation during cDNA cloning. 


ein is responsible for the Jiz??? dominant phenotype. It is 
possible that the mutation affects RNA structure or pro- 

ng.. 
We have also determined the DNA sequence of a temperature- 
sensitive fiz allele, fiz’. This mutation has been used pre- 
sly to determine the developmental stages during which fitz 
tion is important*. The entire coding region of the tem- 
ature-sensitive allele was sequenced. The wild-type genomic 
uence in Fig. 3 is from the chromosome in which the fiz 
ation was induced, and was chosen to prevent confusion 
Iting from. sequdfice differences between strains. Only one 
angg in the DNA"sequence was found in the ftz”" coding 
gion: a transition of C to T (Fig. 3) which results in the 
substitution of a valine for the normal alanine, a fairly conserva- 








tive amino acid change. The temperature sensitivity of ftz/*”" is 
probably due to the production of a slightly modified, 
thermolabile protein. The protein encoded by ftz/*” is altered 
within the region of homology with other Drosophila homoeotic. ~ 
gene products. os 









Possible DNA-binding domain 
Crystallographic structures determined for the cro and repressor ©: 
proteins of bacteriophage A and the CAP protein of E. coli have 4 
revealed the existence of conserved a-helical structures which 
computer-modelling studies suggest are the DNA-binding sites 
for these proteins'*4, The model is supported by studies of 
protection from-chemical modification by binding of these pro- 





























































jure shows a hypothetical secondary 
tructure of a cDNA strand complemen- og 
tary to the 5’ end of the fiz transcript. 
- Nucleotides shown in bold letters corres- Gye 
pond to the observed sequence of the 
cDNA clone. The 3' end of the hairpin 
structure presumably serves as primer 










S1 cleavage 


teins to their operator DNAs” and by extensive genetic analy- 
sis*°, The DNA-binding structure (reviewed in ref. 24) com- 
prises two a-helices: ‘helix 3’ fits into the major groove of DNA 
and ‘helix 2’ lies across helix 3, holding it in position. The two 
chelices are connected by a B-turn. The amino acids which are 
important for the conformation of this structure are conserved 
“in these proteins and in homologous proteins from other 
lambdoid phages as summarized in Fig. 5. Alanine is usually 
‘found in position 7, isoleucine or valine in position 17, and 
hydrophobic residues are found in positions 6, 10, 12 and 20. 
The side chains at positions 10-12 are small to permit a tight 
turn between the helices. Amino acids in positions 13-16, 18, 
19,21 and 22 are involved in determining DNA sequence speci- 
ficity (other parts of the protein can have some influence also). 
Similar patterns of conserved amino acids have been found in 
several bacterial regulatory proteins and in the MATa! gene of 
yeast (Fig. 5)*!-*42”, The position of the DNA-binding domain 
within the bacterial proteins varies (Fig. 5). 
The conserved pattern of amino acids found in bacterial 
DNA-binding proteins is also present near one end of the 
“conserved amino acid sequence common to ftz, Antp and Ubx 
_ (Fig. 5). The fitz, Antp and Ubx sequences are also similar to 
-the putative DNA-binding regions encoded by the yeast MATa! 
and MATa2 genes (19/29 amino acids are homologous to 
‘MATal, 13/29 amino acids are homologous to MATa2). Simi- 
larity between MATa2 and the fiz, Antp and Ubx homology 
regions was originally noted by Shepard et al.™®. The homologous 
Drosophila and yeast sequences shown in Fig. 5 are flanked by 
very basic regions that are unlikely to form a-helices. The 
conserved glycine residue following helix 2 is replaced by serine 
in ftz and by cysteine in Antp and Ubx; this glycine is thought 
to.be important for formation of the tight turn necessary for the 
two helices to come into close contact. However, a glutamic 
acid residue can be accommodated at this position in a func- 
tional A repressor”. In addition, serine and cysteine are the 
only substitutions for glycine at this position in putative DNA- 
binding structures from other bacterial proteins (Fig. 5). 
|. Further evidence that the possible DNA-binding region of fiz 
is in fact important for the function of the protein comes from 
_ the temperature-sensitive mutation described above. The fitz“ 
mutation changes the highly conserved alanine in helix 2 to a 
< valine. The alanine normally comes in close contact with the 
‘conserved isoleucine/valine in helix 3 (ref. 24). Although the 
Ala > Val change is fairly conservative, the added bulk of the 
valine side chain would be predicted to increase the distance 
between the two helices, perhaps destabilizing the protein in 
this region. It would be instructive to know the phenotype of a 
mutation affecting this alanine in A repressor, cro or lac repressor 
(in which many mutations have been sequenced***6°), but 
unfortunately no mutations at this position have been reported. 
The ftz®?' translocation breakpoint occurs exactly at one end 
i of the homology with MATal and MATa2 and probably results 
-in an abnormally functioning protein. 
~According to the model outlined above, the specificity of 
DNA binding would be determined by the side groups protrud- 
ing from the a-helix which lies in the DNA major groove (helix 
3 in Fig. 5). The sequences of ftz, Antp and Ubx are identical 
-in this region, suggesting that they might recognize and bind to 
the same DNA sequence. 

















ATCG 
for the synthesis of the second cDNA strand. S, nuclease cleavage at the indicated site followed by ligation of EcoRI linkers would give ris 
to the observed cDNA sequence if the mismatched sequences were resolved by copying the bold-lettered strand. The underlined codon triplet 
are complementary to the ‘upstream’ AUG which would begin a 22-amino acid leader peptide, the UAG ending this open reading frame, and 
the two possible initiator AUGs for the major ftz open reading frame. 
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GCG TG AG T 3' Synthesis of second 
A ATCCGATAT TA CAAAACAGA CT — cDNA strand 
RAR Ut NER, cee 
TA TATA AT GTTTTGTCT ATGTCGATGCGGCTGTTGTAC. 
TG QGGG G-G 
a Ko 
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Conclusions 


The extraordinary size and complexity of some of the Drosop 
homoeotic genes, for example the 73-kb Ubx unit?! and tt 
103-kb Antp unit’**"*, contrasts with the relative simplicity 
the fiz gene’. Yet fiz shares a sequence encoding a protei 
domain of ~6,500 MW with Antp and Ubx'®. The fiz®?! alle 
provides another indication of related function. This fiz alle 
results in a phenotype characteristic of a class of mutations in 
the bithorax complex. The recessive fiz phenotype (pairwi 
segmental fusions) sets ftz apart from the classical homoeot 
genes, in which mutations generally cause dramatic transfo 
tions of only one to a few body segments. The function of ft 
seems to be to determine the formation of alternate segment: 
presumably other homoeotic genes further specify the identi 
of the segments. The location of ftz only 30kb from t 
homology domain of Antp suggests an anata relatio hi 
between the Antp 3’ exon and the fiz 3' exon'® 
It has been clear from genetic experiments, and has b 
confirmed by in situ hybridization to sectioned tissues??™?$ th 
there is specific expression of Drosophila regulatory genes 
particular regions of the embryo. The in situ  hybridizatio 
experiments demonstrate that expression is controlled at: tl 
level of RNA synthesis or stability, which leads to the questios 
how is spatial regulation of RNA accumulation attained 
second question is how the regulatory genes direct the develo: 
ment of particular structures in lieu of the alternative structures 
that develop when the genes are mutated. The structure of 
protein encoded by fiz, and of structurally related proteir 
including products of Antp and Ubx, indicate that DNA bindin 
may be an important aspect of the function of genes that con 
segmentation, 
The data presented above suggest that the protein structu 
common to ftz, Antp and Ubx products includes a DNA-bindin; 
region of the type observed in some bacterial proteins, T 
primary (but not the only) part of the bacterial proteins invol 
in DNA sequence recognition is the helix 3 domain. Note th 
the amino acid sequences of Antp, Ubx and ftz products’ are 
identical in the region of the homoeotic homologue of helix. 
and in flanking regions. The one exception is a serine residu 
in fiz, just N-terminal to helix 3, in the position occupied b 
threonine in Antp, Ubx, MATal and Fnr (Fig. 5). The n 
identity of the homoeotic gene products in this critical regic 
suggests that they may bind to similar or identical DNA seque: 
ces, and may in fact compete with each other during ear 
embryogenesis. Such competition suggests a mechanism behind 
mutations such as ftz®?', in which a BX-C recessive loss. 0l 
function phenotype ( pbx) results from a dominant ftz mutati 
The truncated fiz®’’ protein product may compete with 
otherwise influence the DNA binding of BX-C products. ` 
binding affinities could also be dependent on cooperative 
competitive interactions with other proteins. It is also possible 
that ftz regulates expression of ANT-C or BX-C genes. ©. 
There are many other genes that are not obviously homoeotic 
in which mutations alter the number or patern of segments that 
develop 5-7, DNA hybridization experim{nts suggest that.th 
region of homology common to fitz, Antp and Ubx cannot be 
present at most of the other segmentation loci (ref..15 and 
unpublished results). However, it is possible that a similar 
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oof 2 3 ee Og 
sft 285 Arg. Arg Arg dle Asp ie 





2, 13 te 15 16 
Ser Glu Arg Gin 








Antp Arg Arg Arg [le Glaf ief taktis Thr Glu Arg Ginkl lel ys 
` Ubi Arg Arg Arg Ite GlufMetfAlafhis Thr Gla Arg Ginkl Tél ys 

MATAl 98 Lys Glu Lys Glu GlufValgAlan ys Thr Pro teu Gin 

MATa? 160 Lys Gly Leu Glu AsnfteufMethl ys Ser Arg Tle 

+ Rep 33 Gin Glu Ser$ValBAlasAsp Gly Gin Ser 

& Cre 16 Gin Thr Lys@Tor Balad ys Tyr Gin Ser 

P22 Rep 21 Gin Ala AlagteudGlyRt ys Ser Asn Val 

P22 Cro 13 Gin Arg Alava tfa laft ys Ser Asp Ala 

CAP 169 Arg Gin Glupi tefe ty§6in Ser Arg Glu 

Far 187 Arg Gly Asp legGly—asa The Val Glu 

Lac Rep 6 Leu Tyr AspiValeAlagG tu Ser Tyr Gln 

Pz? cl 26 Gin Arg Lys$vatfa laf sp Asn Glu Ser 

Trp Rep 66 Gin Arg Gly mGiy Tle Ala 


Tnd Resolvase 161 Ala Thr Glufi legala Ala Arg Ser 


Arat 196 De Ala Seri 








: ‘Api : Eg : è 
tt Aen Leo Tyr Vat Tyr 6 to C-term 

My 21 22 23,24 25 26 27°26 29 30 31 32 33 34 

pePhe Gin Asn Arg Arg Met Lys Ser Lys Lys Asp Arg The 






pePhe Gin Asn Arg Arg Met Lys Trp Lys Lys Glu Asn Arg Thr 
paPhe Gin Asn Arg Arg Met Lys Leu Lys Lys Glu Ile Gin Ala 


Fig. 5 Putative DNA-binding domain within the homoeotic homology region. ftz, Antp and Ubx sequences at the 3' end of their shared 
homology are aligned with prokaryotic and potential yeast DNA-binding domains”. The sequence of the yeast MATa/ protein past the 
(ptophan at position 118 is different from that reported previously due to previously undiscovered MATa/ introns (K. Nasmyth, personal 
communication). Sequence changes due to ftz mutations are shown at the top. The positions of the two a-helices of the DNA-binding domain 
1umbered 2.and 3 according to convention for the A cro protein) are shown at the bottom. Conserved residues within the domain, important 

r close alignment of the two helices, are boxed. Amino acids that are structurally homologous to fiz, Antp or Ubx residues are underlined. 
number to the left of each sequence is the position of the first amino acid shown within the complete protein. The positions of the amino 

ds are arbitrarily numbered at the top (1-34). The collection of bacterial sequences shown is from a review by Pabo and Sauer (ref. 24 and 
erences therein). Yeast sequences are from ref. 43 and K. Nasmyth (personal communication), Drosophila sequences are from ref. 16: 


main is encoded by some of the other loci but is sufficiently 
fgent in sequence to be recognizable only when the gene, 
its protein, has been sequenced. 
Ifpart of the homology region of the homoeotic genes encodes 
DNA-binding domain, what could be the function of the rest 
he homology region? The most striking aspect of the remain- 
ig sequence is its basicity: arginine and lysine comprise about 
%. of the amino acids in the homology domain’. Very basic 
quences are also present in the C-terminal parts of Antp and 
, just downstream from the homology region (M.P.S., 
published data). Such a basic protein sequence is suggestive 
jonspecific DNA or RNA binding; domains known to be 
ved in specific DNA binding are not especially basic. 
here are important limitations to the correlations we have 
between the structure of the homoeotic gene products and 
bacterial DNA-binding proteins: (1) Only three of the bac- 
‘proteins have been crystallized'*°, so the full range of 
sible variations in the structure of the DNA-binding helix- 
urn-helix structure is unknown. (2) It is unknown whether the 
s of the two yeast mating-type protein products that are 
iologous with the bacterial proteins are in fact used for DNA 
ing. (3) Some known DNA-binding proteins apparently 
this type of binding sequence***’. However, the similarity 
Drosophila sequences to the bacterial sequences is striking, 
and the type of helix-turn-helix structure found in these DNA- 
ling proteins has not been observed in proteins which are 
DNA-binding proteins. It has also been shown that the 
a2 product is a sequence-specific DNA-binding protein 
hnson and I. Herskowitz, personal communication). Thus, 
believe that the structural homology between the homoeotic 
ne products and known DNA-binding proteins is strong 
ugh to suggest that the homoeotic genes may, at least in 
function through DNA-binding mechanisms. 
ve thank Ian Dungan for the opportunity to analyse fiz 
| for discussions; Zhomas Kaufman for ideas about ftz and 
"P'e and Nello Bossi for conversations on sequencing 
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“Photometric studies of distant clusters of galaxies provide evidence 
- for significant evolution of the member galaxies during the rela- 
tively recent cosmological past'~*. Here, spectroscopy is presented 
that confirms a previous photometric result that the distant Q= 
0.38) cluster C11447 +2619 contains the largest excess of blue 
galaxies yet encountered. The galaxy surface density profile of 
the cluster shows it to be open and irregular, making it the first 
_ Such cluster to be studied at high redshift. The spectra indicate that 
“the blue colours are predominantly the result of recent star forma- 
tions We speculate that vigorous star formation in galaxies, 
“independently of their environments, was much more common 
‘several Gyr ago than it is in the Universe today. 
We have discussed elsewhere? broad-band photometric data 
“on 33 nearby and distant (to z= 0.54) clusters of galaxies and 
the nearby field. That sample was chosen from the literature to 
include as many large redshift clusters as were known to be very 
rich and to have at least one redshift measurement. Analysis of 
the radial profiles of galaxy surface density showed that most 
clusters were of the compact, regular type, indicative of 
advanced dynamical age. After taking into account selection 
effects due to k-corrections, the colour~magnitude relation for 
 E and S0 galaxies, and accidental errors, and after careful 
"treatment for foreground and background contamination, a 
trend of increasing fraction of blue galaxies with redshift was 
found for these compact clusters. It was suggested that this is 
"evidence for a general depletion of gas in the Universe during 
recent epochs, and that exceptions to the trend indicate superim- 
posed phenomena related to the particular evolution of each 
cluster. 
Only one distant, rich cluster of the open or irregular type 
has been identified and studied so far, namely C11447 +2619 
(incorrectly called C1446 +2619 in our previous work) at z= 
0.38. Such systems are thought to be unrelaxed, and therefore 
to be of intermediate or young dynamical age. Nearby clusters 
of this type contain a galaxy-population mix intermediate 
between those of compact clusters and the field. C11447 +2619 
and the three nearby open systems were found to exhibit higher 
blue galaxy contents than the compact clusters, suggesting that 
To characteristic population differences between cluster types 
obtain at all redshifts (at least to z=0.5). In addition, the 
distribution of galaxy colours in C11447 +2619 appears to be 
_< skewed more to the blue than is the case in any nearby popula- 
* tion, even including the field sample. One is tempted, by con- 
T- tinuity arguments, to speculate that the field population at high 
redshift will also be found to show signs of strong evolution. 
` Nearby open clusters contain elliptical, S0, and spiral galaxies 
roughly. in the proportion E/S0/Sp=1:2:3 (ref. 6). The frac- 
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tional blue galaxy content, fy, as defined in ref. 3, for nee 
open systems is fg~0.15. Thus, nearby open clusters, have 
ratio of spiral galaxy fraction, fsp, to blue galaxy fracti 
fsp fa = 3.3. For C11447 +2619, fa=0.36 +0.05; if the 1 
spiral fraction is similar to that nearby, one would predic 
all galaxies in the cluster must be spirals! The cluster is. like! 
therefore, to be an ideal testing ground for theories of mo ph 
logical evolution between galaxy (Hubble) types, as well as 
excellent site for the study of the photometric evolution o! 
galaxies such as our own. 4 
The photometric technique used to determine fy relies ont 
statistical subtraction of foreground and background contamit 
tion across the field of the cluster. The fact that galaxies ar 
distributed randomly across the sky, but tend to clump in grou 
clusters, clouds and superclusters, causes some uncertainty 
to whether the decontamination has been correctly accomplis 
in any individual case and an accurate value for fg determ 
The only recourse is to obtain spectroscopy for as many galax 
as possible in the most interesting clusters identified photome’ 
cally. C11447 +2619 is clearly one such cluster, and so we h 
tried to verify by spectroscopy its exceedingly large blue 
content. - 
The instrumental apparatus used for this work has 
described in detail previously’. Briefly, it consists of a larg 
format, low-noise charge-coupled device (CCD) detector in 
low resolution, optically efficient spectrometer on the 4- 
Mayall telescope at Kitt Peak. Masks having patterns of 2.4 
diameter apertures, configured to correspond to the locatio 
of objects on the sky, are inserted at the entrance to the spe 
trometer, enabling simultaneous observation of many obj 
across a Sarcmin field of view. Round apertures have bee 
used in preference to short slits because they permit work 
larger numbers of galaxies in the rather crowded cluster’ fiel 
they have the disadvantage of an increased susceptibility to tt 
effects of atmospheric dispersion. For the present study, & 
ution of 17A and a wavelength coverage of roughly 4,50! 
7,500 A were used. 
Two aperture plate masks were prepared for the C1447: +26 
field, yielding spectra of 21 galaxies in the field of the clu: 
None of the observations could be made near meridian passage, 
and no atmospheric dispersion compensation prisms were avail. 
able. Therefore, the total integration was divided into l-h- seg 
ments, and these were distributed between the two apertur 
plates and over two nights of observation. Even so, the effe 
of atmospheric dispersion are evident among the data, and ‘ 
data for outlying objects in some integration segments have be 
discarded. The resulting integration times for the 21 galax 
range from 2 to 5h. Seeing during both nights was 2 
FWHM. Examples of the final spectra are shown in Fig. 1. 
The results for the 21 galaxies are given in Table 1. The fi 
16 objects are from ref. 5, and include all blue galaxy candidate: 
brighter than red magnitude 20.2, except one (no. 15). An addi 
tional five objects were observed, which lie outside the 
having photometric data, but which seemed to be in the righ 
magnitude range to be cluster members. a 
Of the total sample, two galaxies are seen clearly to be non 
cluster members (nos | and a), and five @ncluding no, 9)-hav 
spectra of too low a quality to yield a relfable redshift. Of th 
remaining 11 objects with photometry, seven are blue (aceordin 
to the definition in ref. 3) and four are red. If we suppose the 
the uncertain objects among the first 16 are all unrelated to th 
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Fig. 1. Examples of spectra for galaxies in C1447 +2619. Ordinate 
s flux per frequency interval in arbitrary units. Spectral resolution 
s 17 A. a, Galaxy no. 2, a typical gE type spectrum with characteris- 
ic features marked. b, Galaxy no. 8, a typical E+A spectrum, 
hich at lower signal-to-noise ratio would probably be called a 
ilute E spectrum. {O 11] and several hydrogen lines are indicated, 
but gE features may also be seen by comparison with a. 


ster, then we have at least seven out of 12 blue galaxy 
ididates being cluster members. Our spectroscopy indicates 
t galaxies b, c, and d will be found to be blue photometrically, 
king at least 9 out of the 15 candidates certain or very probable 
mbers. Clearly, at least half of the candidate blue galaxies 
he central regions of C11447 +2619 are true cluster members. 
¢ rigorously defined, uniform sample of ref. 3 consists of 43 
cies, 18 of which are blue. If we take the extreme case of 
ed galaxies being cluster members, we find that at least 
&=11 out of 36 cluster members are blue, or fa 2 31%. 
minimum value can be compared with the photometrically 
ved blue galaxy fraction of 36% (ref. 3). Given the small 
mple of objects observed spectroscopically, the agreement is 
sfactory. At the very least the spectroscopy may be said to 
rm the absence of any significant error in the photometri- 
ly determined value. 
ree high redshift clusters have now been examined spectros- 
pically, 3C295 (ref. 8), C10024 + 1654 (A. Dressler and J. E. 
inn, personal communication) and C11447 +2619, and, in 
ch case, the spectroscopic data support the reliability of the 
otometric procedure used in ref. 3 to identify the blue galaxy 
ntent. In addition, it is clear that most of the blue galaxies 
spectra with features characteristic of stars and H 11 regions, 
er than some more exotic process. Typically, the spectra 
y be described as ‘dilute elliptical’ galaxy spectra, often with 
443,727 A emisggon line equivalent widths in the range of 
erated: normal spral galaxy spectra (although sometimes 
1] may be weaker than in normal galaxies of similar colour’). 
the signal-to-noise ratio is high enough, the spectra gen- 
ally seem to show A-type stellar features as well as elliptical 








Table 1 Spectroscopic results for Cli447 +2619 








No (V-r) z Spectrum Comments 
1 B 105 0.231 gE 
2 147 0.373 gE See Fig. 1 
3 1.40 0.376 gE Weak [O n]? 
4 1.43 0.377 gE Weak [O n]? 
§ B 1.23 0.373 gE 
6 B 126 0.376 gE 
7 B 064 0366 [Onn], H8, [O11] Not a Seyfert 
8 B 102 0378 E +A, [Ou] See Fig. I 
9 B 068 038: Dilute E:: Data of low quality 
10 B 084 0.38: Dilute E: Data a bit noisy 
13 1.41 0.375 gE 
18 B 079 0.376 E+A,[(O 1) 
19 B 1.08 0.371 E+A Or metal poor gE 
21 B 0.61 — _ Uncertain 
32 B 072 — ~ Uncertain 
3 B 06l _ — Uncertain M 
a _ 0,42 gE (+26, ~135) 
b _ 0.365 E+A (+5, ~134) 
c -= 0.38: [O n]: (~38, —107) 
d =m — _ (~45, —89) 
e _ 0.368 gE (~42, —82) 





Object numbers in the first column are from ref. 5, except a-e which 
are identified by their offsets in arcseconds from object no. 2 as 
(ARA, ADec) in the last column. The photometry listed in the second 
column is discussed in ref. 1. Those objects qualifying as blue according 
to the definition in ref. 3 are indicated with a B. The spectra here are 
characterized as follows: gE, giant elliptical galaxy spectrum similar tg 
that shown in Fig. la; dilute E, spectral features similar to gE, but 
weaker, and with a bluer continuum; E + A, apparent superposition of 
gE and A-type stellar spectra, or dilute E with strong hydrogen absorp- 
tion lines; [O 11], HS, [O 111], emission lines at A 3,727, 4,863, and 
4,959 +5,007 A, respectively. The observed equivalent widths for [O 11] 
in galaxies 3,4, 7,8, 18 and care 8:, 15:, 38, 19, 29, and 28 A, respectively. 


galaxy characteristics; the blue galaxy spectrum in Fig. 1 is 
typical of such spectra in our experience (see also ref. 8). 

Evidently then, the vast majority of these objects are unexpec- 
tedly blue because of enhanced star formation somewhere in 
the galaxy. Imagery at roughly 10 times the best available resol- 
ution will be required to delineate just what is happening in the 
galaxies in C11447 +2619 and other high redshift clusters. In 
the absence of such imagery, one can ask whether observations 
of local group galaxies might not uncover evidence for a period 
of enhanced star formation, several Gyr and more ago, which 
in turn might be used to shed light on the nature and develop- 
ment of the phenomenon. Such evidence may, in fact, already 
have been reported, with the Large Magellanic Cloud'®™'? and 
Carina dwarf galaxy’? found to have main sequence luminosity 
functions strongly suggesting accelerated star formation 3-5 Gyr 
and 6-9 Gyr ago, respectively. The presence of carbon stars in 
other local group dwarfs'* may also indicate episodes of strong 
star forming activity at intermediate epochs. 

Whether the history of these dwarf galaxies has a direct 
bearing on the evolution seen among cluster galaxies is an open 
question. The only nearby, intrinsically-bright galaxy for which 
an analysis can be made is our own. Here the matter is unclear, 
complicated as it is by our being inside the system. Suffice it to 
say that a period of moderately enhanced activity in the solar. 
neighbourhood at the epochs under discussion is not ruled out 
by available data, and the situation at other galactic radii is” 
completely unknown. ae! 

Much has been made of the consistency of available evidence 
with a constant or exponentially declining rate of star formation 
in galaxies beginning a Hubble time ago'~'’, However, in view 
of the above discussion we should remark that we know of no 
evidence clearly inconsistent with the hypothesis that most 
galaxies experienced their maximum star forming activity at 
intermediate epochs. 
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A three-dimensional model of the 
fluid dynamics of radio-trail sources 


A. G. Williams & S. F. Gull 


Mullard Radio Astronomy Observatory, Cavendish Laboratory, 
Madingley Road, Cambridge CB2 0HE, UK 


Extragalactic radio sources display a wide range of complex 
structures, The weaker sources have twin jets emerging from the 
nucleus of the parent galaxy, which bend and twist as they interact 
with the intergalactic medium (IGM); extreme examples are the 
radio-trail sources, such as NGC1265 (ref. 1) and 3C129 (ref. 2). 
More powerful sources typically show double structures with lobes 
and hotspots, but even these (such as Cygnus A (R. A. Perley, 
personal communication)) contain curved jets. Although our theo- 
retical understanding of sources in terms of twin plasma-jets has 
advanced, numerical simulations** have concentrated on axisym- 
metric models, whereas the investigation of radio-trail and complex 
sources demands three-dimensional simulations, despite the 
obvious computational difficulties. It is now generally accepted 
that radio-trail galaxies are produced by the motion of active 
galactic nuclei through the IGM in clusters of galaxies". Models 
were initially proposed in which the ejected material consisted of 
independent blobs or plasmons®*, but most evidence”’’ now sup- 
ports ejection in a quasi-continuous jet”''. Here we adopt the jet 
model and study the formation of twin-tail sources by the motion 
of the active nucleus through intra-cluster gas, using three 
dimensional fluid-dynamical simulations of a supersonic jet in a 
cross-wind. 

We integrated the non-relativistic equations of ideal compress- 
ible flow by an eulerian finite-difference method assuming mag- 
netic forces to be dynamically unimportant. Our hydrodynamic 
code was based on the ‘fluid-in-cell’ method of Gentry et al.'* 
modified to use the ‘flux-corrected transport’ algorithm of Book 
et al.. This version substantially reduces numerical mass- 
diffusion at the contact discontinuity between shocked IGM 
and shocked ex-jet material, a well-documented difficulty with 
eulerian codes'*. The multi-dimensional equations were solved 
using the time-splitting technique of Strang'*. The simulations 
were performed on the Starlink VAX 11/780 at Cambridge. 

The calculations were carried out on an (x,y,z) grid of 144 x 
72 X8 = 82,944 cells. Because of limitations in computing time 
and storage we stretched the cells in two directions to provide 
a domain 144x216 X16 (so that the computing cells are rec- 
tangular parallelepipeds with sides | x3 x2), and later rezoned 
the problem onto a domain 288 x216 x 16 to allow the calcula- 
tion to proceed. We simulated the motion of an active nucleus 
through a cluster gas, in the rest frame of the nucleus, by giving 
all cells initial values corresponding to a constant density, press- 

“ure and velocity. The direction of motion of the galaxy was 
taken to be the x-axis and the initial jet direction along the 


Stable contact 
surface 





Fig. 1 
plane of a slow heavy jet at t= 68.7. The contours are parte y 
contouring ratios 1.15:1. 


plane, which separates the two jets. Three types of boundary 
conditions were used at the edges of the computing grid: i py 


each time step; (2) continuative, where fluid was allowed to 
flow into or out of the computing mesh; (3) reflective, where 
the normal component of velocity was set to zero. 
Input conditions were specified where the jet entered 

computing grid. Continuative conditions were used elsewhere 
except in the y=0 and z=0 planes. Although we have modell 
the flow pattern with two mirror planes, we do not expect that, 
in practice, the flow will be strictly symmetrical downwind of 
the jet; Kelvin—Helmholz instabilities upwind of the jet may be 
convected downwind preventing strict symmetry there. Thermal 
pressure balance between the unshocked jet and unshocked 
IGM was assumed. The jet parameters were chosen to keep the 
ratio of momentum fluxes constant between simulations as | 
Table 1. Assuming that the radius of curvature of the jet is given. 
simply by 


R= \P}P3 | Pm Ven 

where p,, and Vm are the density and speed of the IGM, and 
Pi, v; and r; are the density, speed and radius of the jet on en 
to the computing grid, this condition would make the path of - 
the jet the same in each simulation. The jet was injected with a 
staircase-circular cross-section and ‘radius’ four units corre 
ponding to four zones in the x-direction and two zones in the 
z-direction. The structure near the entry point, in particular th 
oblique entry- -shock mentioned below, was studied in greater 
detail using a jet of ‘radius’ eight zones. A 

The distribution of density and pressure in the z=0 plane of 
a slow, heavy jet corresponding to case (a) in Table | is shown yi 
in Fig. 1. An interesting feature is that the outer contact surface 
is badly smeared out, despite the measuges taken in the code to to 
combat diffusion’. By way of karn A the inner contact 
surface may be clearly seen. Although our code is incapable of 
modelling accurately the growth of small-scale instabilities, 
simple arguments suggest that the centripetal acceleration 








quired to bend a heavy jet renders it Rayleigh-Taylor unstable 
ng its outer edge. Whilst the growth of these instabilities is 
mplicated by the shear across the contact surface, this possible 
bility may pose problems for models involving heavy jets. 
find that light jets overcome the complementary problem of 
ruption by a Rayleigh-Taylor instability on their inner surface 
flating a cocoon of shocked ex-jet products. 
igure 2 shows the distribution of density in the z =0 plane 
of a light, fast jet (Table 1, case (b)) at various epochs after 
witching on the jet, while Fig. 3 shows the distribution of 
essure and velocity vectors corresponding to the density distri- 
ns in Fig. 2b,c. Some initial deflection is caused by an 
jue shock as the jet enters the computing mesh, but 
eafter bending is caused by the pressure gradients across 
t. The density contours in Fig. 2 shows that this bending 
mpanied by an expansion wave. Two effects would seem 
be responsible: first, the stagnation pressure reaches a 
imum at z =0, producing an expansion in the z-direction; 
nd, in this particular case where the initial jet direction is 
rpendicular to the direction of motion of the galaxy, the 
nation pressure decreases monotonically along the direction 
propagation. 
hough the density of the jet drops by an order of magnitude 
nding through 90°, Fig. 3a, c shows that the speed of the 
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Table 1 Jet parameters 


P, M, v Pm Po Um 
1.0 10.0 4.082 10 10 30 
1.0 10.0 4082 10 10 3.0 
1.0 5.0 20.41 10 10 1.5 
1.0 00.0 408.2 10 10 30.0 


and Pa are the thermal pressures in the unshocked jet and 
ed IGM. M, is the Mach number of the jet on entry to the 
ng grid. 





















Fig. 2 The distribution of density in the z=0 plane of a fast, light jet at various epochs. The density contours are logarithmic, contouring 
E ratios 1.5:1. a, t= 11.2; b, t=20.9; c, t =34.3; d, t =49.4; e, t =65.3. 


flow actually decreases along the jet. There is, therefore, con- 
siderable departure from steady isentropic quasi-one- 
dimensional flow for which we would expect dp/p = —M7dv/v. 
Four factors may be responsible. 

(1) A transient phenomenon related to the hook-like structure 
described below indicates that the flow may not yet be steady. 
(2) The quasi-one-dimensional approximation may break down 
both because the cross-section of the jet increases too rapidly 
and because the flow parameters vary across the jet. 

(3) The bending is not isentropic because of a combination of 
physical and numerical effects; dissipation may occur due to 
viscosity, numerical mass diffusion and thermal conduction. In 
particular, we find the temperature increases along the direction 
of jet propagation. Higher resolution studies will help to eluci- 
date this detail. 

(4) The density contours and velocity vectors suggest that some 
entrainment is occurring along the outer edge of the jet. 

The cross-section of the jet is deformed into a kidney-shape 
by the pressure gradients across it, in agreement with wind- 
tunnel experiments'®, The cocoon, which is inflated downwind 
of the jet, is much larger than in comparable axisymmetrical 
simulations, due to the motion of the galaxy, and contains 
material which is actually lighter than the jet, in particular, a 
region of hot, light gas downwind of the jet. For comparison, 
we find that in axisymmetrical simulations the jet is completely 
surrounded by a narrow trench of hot, light gas, separating it 
from the axisymmetrical backflow of shocked ex-jet material. 
We interpret this hot, light gas as arising from dissipation 
(possibly slightly over-efficient in our numerical code) caused 
by short wavelength Kelvin-Helmholtz instabilities between the 
jet and its backflow. 

Near the point of entry onto the computing grid, the jet adapts 
to the ram pressure of the cross-wind by means of an oblique 
shock. While this is not directly relevant to radio sources, jets 
may respond to inhomogeneities in the external medium by an‘ 
oblique shock of this sort, for example, in the knots of 3C83.1B 
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Fig. 3 Velocity vectors and the distribution of pressure in the 

z=0 plane of a light jet at t = 20.9, a and b, and at t = 34.3, c and 

d. The pressure contours are logarithmic, contouring ratios 1.15:1. 
Velocity vectors are shown at every other grid point. 


(ref. 10). The stagnation pressure of the bending jet is lower 
than the hotspot pressure in comparable axisymmetrical simula- 
tions by a factor R/r,. This opens the possibility, therefore, that 
Fanaroff and Riley (FR) class I'’ sources have low luminosities 
compared with class I sources, partly because they are distorted 
by their environment. The jet shock also decreases in strength 
(Fig. 3b, d) in agreement with the observation that radio-trail 
sources do not have hotspots. In the simulations, three effects 
seem to be responsible for this decrease in strength: first, the 
decrease in density and speed described above reduces the ram 
pressure in the jet; second, the Mach number of the jet is reduced 
by entrainment of shocked IGM at the vortex; finally, the 
ambient IGM is retreating from the jet once it begins to bend, 
further reducing the effective Mach number. 

` The sudden expansion of some twin-tail sources after they 
have been bent through large angles may indicate the onset of 








Fig.4 The simulated radio emission at f = 34.3. 


turbulence due to this reduced Mach number (beyond the point 
that we have so far been able to follow by calculation). A possible 
example of a source with the morphology shown in Fig. 2 is 
1C708, whose structure has been previously attributed to gravita- 
tional encounters". 

In addition to the effects reported in axisymmetrical simula- 
tions®, the cocoon in radio-trail sources is dynamically important 
to the evolution of the jet because in the later epochs of Fig. 2, 
the jet interacts with the downwind wall of its cocoon. This 
results simply from the supersonic character of the flow. To 
bend the jet, pressure differences must be established across it, 
for which several sound-crossing times will be necessary. The 
bending of the supersonic jet therefore lags behind its advance 
as may be seen in the early epochs of Fig. 2. Further bending 
of the jet causes it to collide obliquely with the downwind wall 
of its cocoon, bending the tip of the jet upwind in a hook-like 
feature and producing a low-pressure vortex upwind of the jet. 
We investigated the effect of varying the Mach number of the 
jet by computing the flow patterns expected in Mach 100 and 
Mach 5 jets (Table 1, cases c and d)). The results show that 
the hook-like feature is more prominent in highly supersonic 
jets. A possible explanation is that the distance the jet will 
advance, in the time before the pressure gradient required to 
bend the jet is established, is greatest for the most supersonic 
jets. This will depend on some average of the Mach number 
over the jet cross-section, which is not constant but varies due 
to the pressure gradient. At its downwind edge M = M,, the 
entry Mach number of the jet, while at its upwind edge M= 
(R/r,)'? independent of M,. 

A comparison of the results of these numerical simulations 
with maps of radio-trail sources suggests that most of the radio 
emission probably only occurs in shocked jet material and not 
in the shocked IGM behind the bow-shock. Figure 3 shows that 
the cross-wind merely displaces the bow shock downwind rather 
than changing its shape appreciably, whereas radio-trail sources 
commonly display concave features, for example, NGC1265 
(ref. 1) and 3C129 (ref. 2). For this reason Fig. 4, which shows 
the simulated radio emission calculated by integrating the ther- 
mal pressure in a line-of-sight through the source, shows only 
the radio emission expected from insid& the contact surface. 
The simple prescription for calculating radio emission assumes 
that the energy in relativistic particles and magnetic fields? which 
are responsible for the radio emission, may be approximated 
by a fixed fraction of the thermal pressure provided the necessary 
















































probably to be light and fast, thay be jets of electron- 
tron plasma. containing an enhanced seed population of 
idly relativistic particles. 

hank members of the Radio-Astronomy Group for their 
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iderable attention has recently been focused on the distribu- 
of atmospheric kinetic energy over the range of scales often 
ed to as the mesoscale. Despite the importance of the meso- 
le range of wavelengths (10'~10° km) for dynamical analyses 
nd for numerical weather prediction, there have been few measure- 
nts of the kinetic energy spectrum over this range. Here, we 
rt the results of a new determination of the kinetic energy 
trum of winds near the tropopause level for the wavelength 
ange 2.6-10° km. This spectrum is based on wind measurements 
on board airliners in routine commerical service. We find 
t the spectrum obeys a —3 power law dependence on wavenumber 
the wavelength range ~2.6-300 km and a —3 power law over 
‘range 1,000-3,000 km. The spectral magnitudes of the zonal 
eridional winds are very similar, especially over the —$ region. 
esoscale processes, which operate on horizontal scales from 
m or so to several hundreds of kilometres, bridge the region 
size between the synoptic- and planetary-scale motions 
resolved on routine weather maps and the microscale motions 
ere viscous dissipation acts to reduce the atmosphere’s total 
ic energy. Among meteorologists, it has been widely 
jeved that the kinetic energy spectrum should have reduced 
gnitude at the mesoscale’; there should be a mesoscale gap 
è spectrum. It is sometimes argued that a mesoscale gap 
‘ould favour the predictability of atmospheric motions at the 
er scales. However, there is increasing evidence that meso- 
‘processes contain significant amounts of energy and can 
energy sources for the large-scale ` motions, at least in the 
r troposphere’. One study’ concludes that “the parameter- 
n formulae commonly used in the numerical models of 
mospheric large-scale flow for the representation of friction 
‘to unresolved horizontal eddies seem to have nothing to do 
h the corresponding observed force”. 

Before this probleng of parameterization can be solved, it is 
ecessary first to observe and to understand the mesoscale 
om-of the kinetic energy spectrum. An acute problem in 
dying mesoscale motions in the upper troposphere and lower 
tosphere has been the lack of suitable spatial data. At scales 


populations are present. Tis possible that the jets, which 





<100 km or so, data from research aircraft have been used, 


and at scales of >1,000km or so, radiosonde data have been * : 


used’°. Between these two extremes, the only appropriate data 
source available seems to be from measurements made on com- 
mercial aircraft. If the frozen turbulence hypothesis is valid at 
mesoscales, then the Taylor transformation could be applied to 
convert single-station frequency spectra into wavenumber 
spectra. There have been reservations about using the Taylor 
transformation at relatively long Periods although recent 
evidence suggests it may be valid'®. In any case, the most 
desirable data are direct spatial measurements through the 
mesoscale range. 

Aircraft data are, in fact, available over the wavelength range 
10°-10* km. The wind data used here were collected as part of 
the Global Atmospheric Sampling Program (GASP)''. The data 
collection phase of GASP was conducted during 1975-79, with 
meterological and trace constituent data automatically recorded 


with instruments placed on board Boeing 747 airliners in routine +. 


commerical service. Wind data were taken from the onboard 
computer, which was linked to the inertial navigation system, 
and have a random error of 5% of the reported value. There 
are 6,945 flights in the GASP data set, with over 0.6 x 10° observa- 
tions. All GASP data are archived at the National Climatic 
Center, Asheville, North Carolina. 

Figure | shows the spectra of zonal and meridional winds 
over the range of wavelengths 2.6-10,000 km. GASP data were 
recorded under two modes, and Fig. 1 was prepared in two 
parts. On most flights the data were recorded at 5-min intervals 
(75-km intervals at a nominal ground speed of 250 m 57!) at all 
times during flight above 6 km; about 80% of all data fall in 
the altitude range 9-13 km. For the portion of the spectra in 
Fig. | between 150 and 10*km, the data were interpolated to 
75-km intervals for the 311 flights which were more than 10* km 
long and which had an average orientation of east-west. All of 
these flights were between New York and Japan, New York and 
cities on the Persian Gulf, or California and Japan or Hong 
Kong, and the average latitude of these data is 50° N. There 
were very few missing data; if two consecutive points on a flight 
were missing, the data for that flight were not used. The mean 
and a linear trend were removed from the interpolated data, 
and then a Fast Fourier Transform was applied. The sums of 
the squares of the Fourier coefficients at each wavelength were 
averaged and the means are shown in Fig. 1 (solid circles). 

On 97 flights, the GASP system was set to record data each 
4s (nominally lkm), rather than 5 min. These flights were 
divided into segments which were 150 km long. If more than 
five data points were missing during any minute, that segment 
was not used. The data were interpolated to 1.3-km intervals, 
the mean and linear trend removed, the spectral analysis applied, 
and the spectral estimates at 2.6-150km wavelength were 
averaged and plotted in Fig. 1 (open circles). There were 1,492 
suitable segments; the average latitude of these data is 29° N. 
At wavelengths <5 km, three points were averaged and plotted 
as one; no other smoothing was applied. 

Standard deviations of the spectral estimates are approxi- 
mately the same size as the mean values at all wavelengths. The 
error bars plotted in Fig. 1 approximate the 95% confidence 
intervals at all wavelengths. They extend above and below the 
mean value by an amount double the standard deviation divided 
by the square root of the number of flights. Straight lines with 
slopes ~3 and ~} intersect the same coordinates for both the 
zonal and meridional curves, for comparison. 

There is no evidence of a broad mesoscale gap in the spectra 
in Fig. 1. Indeed, the spectra are remarkably continuous over 
the entire wavelength domain portrayed. To illustrate the degree 
of continuity and the blending of the two sections of the spectra, 
data from the 97 high-data-density flights were analysed over 
long segments and the results are plotted in Fig. 1 (crosses) 
across the wavelength range 25-1,500 km. They represent the 
average spectral amplitudes of the 39 flight segments which had 
data spaced at 1.3-km intervals with no more than five missing 
observations during any minute and which were at least 1,500 km 
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1g. The average latitude of these 39 segments.is about 30° N. 
_ The crosses blend smoothly with the short-wavelength sections 
of the spectra; this is expected as they are based on a subset of 
the same data. Also, the crosses follow the long-wavelength 
sections of the spectra fairly closely, but have a slightly reduced 
amplitude (~80%) over the wavelength range 150~1,500 km. 
This reduced amplitude may be due to sampling fluctuations, 
or it may be explained by the lower latitude of the data used 
forthe crosses; that is 30° N versus 50° N. Results are given in 
Fig. 1 as a function of wavelength and the number of waves per 
_ metre; rather than as a function of the number of waves around 
a circle of latitude (the zonal wavenumber). Large-scale atmos- 


latitude, and their spectra at different latitudes are sometimes 
` normalized by referring them to a common zonal wavenumber” 

In this. case, the appropriate normalizing factor for the crosses 
is ther ratio of: the cosine at at Nto that at.50° N, which is 1.35, 





_ pheric disturbances often extend over a significant range of” 


Meridional wind . 
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g 1 Kinetic energy spectrum near the tropopause from GASP aircraft data. The spectrum for meridional winds is shifted one decade 
the right. Spectral averages based on long- (@), short- (©) and intermediate- (x) scale data are shown. 
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estimates agree within 10%. : 
The apparent high energy at the shortest few irel 
each section of the spectra may be due to aliasing by unresolve 
scales. The apparent low energies in the short-wavelength 
tions of the spectra at 150 km wavelength are due to the filteri 
effects of the linear trends removed. The spectral estimate 
10* km wavelength is only slightly reduced due to trend removi 
because the power there increased by less than a factor of tu 
when the spectra were recomputed without any trend remove 
The magnitudes. of the spectra in Fig. 1 agree within a factor o 
two with past estimates from radiosonde data’, and with 
research aircraft data’? and our own prelgminary analysis: ov 
the wavelength range. 150-2,400 km (ref. 14), both based on 
relatively. very small sample of flights. | 
At synoptic-scale wavelengths, from about 1,000 te 
the observed. ~3 power law. dependence on. wav 




























































avenumbers, and this process haw been described as geo- 
trophic turbulence'*. At scales below about 500km the -$ 
wer law dependence may be interpreted as a reverse energy 


scade from high to low wavenumbers in quasi-two- 
mensional turbulence'®'®, or it may be interpreted as a spec- 
‘um of internal gravity waves with direct energy cascade to 
igh wavenumbers, as oceanic spectra are interpreted!?°, 
learly, it is important to understand whether this part of the 
pectrum is determined by turbulent or by wave dynamic pro- 
esses. This issue cannot be resolved here, but now that the 
asic spectrum has been described over a wide range of 
avelengths, it provides a framework in which to view small 
tions of the spectrum where data are more plentiful. We are 
eparing climatological studies of the spectra of wind and 
nperature for the wavelength ranges 2-150km and 150- 
00 km from the GASP data. These studies will further our 
inderstanding of the dynamical origins of the atmospheric 
inetic energy spectrum. 
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Seasonally-resolved energy balance models having air—surface, 
and—ocean and Northern and Southern Hemisphere resolution 
re used to elucidate the possible relative importance of several 
ternal factors on the climate of the past century. The model used 
ere allows a direct comparison of observed and simulated tem- 
eratures from the same physical domains—over land and sea 
arately in each hemisphere. The availability of independent 
mperature records in two hemispheres significantly increases the 
mber of independent degrees of freedom in the data available 
verify’ the simulations. Independent volcanic effects are found 
both hemispheres, while similar responses for the more globally 
ibuted CO, and tentatively identified solar forcings are found 
the two hemispheres. The empirically derived CO, equilibrium 
loubling response for air surface temperature is 1.6+0.3 °C, 
though the statistical significance of this result is uncertain. 
A previous study! used a yearly average model? of globally- 
veraged climate (espentially an ocean mixed-layer model with 
surface~air distinction) for simulation of a hemispheric scale 
Mparature, which was compared with observations of surface 
ir temperatures over land. Hansen et al.’ used a yearly and 
bally averaged radiative-convective model (with vertical res- 


red evidence of an enstrophy cascade from low to high 





olution) to simulate the climate of the past century, again com- 
aring witha largely land-derived set of surface air temperatures 
records. Here we have used a climate model based on energy 
balance and exchange between 10 ‘boxes’: air over land, air 
over ocean, land surface, mixed layer and deep ocean—all 
resolved hemispherically with temperature as the dependent 
variable. Details of the model may be found elsewhere**; we 
merely enumerate here for convenience some of the model 
attributes. All primary parameters such as mixed-layer depth, 
cloud fractions, albedos, insolation and interhemispheric energy 
exchange are functions of season based on observations® where 
available and estimation from physical principles elsewhere. 
Where large uncertainties exist in model parameters, (for 
example, coefficient parameterizations between various boxes) ` 
these have been adjusted in a least-squares sense (as in ref. 1) 
to best fit the mean observed seasonal temperature variations”, 
(Here we use the same value of seasonal interhemispheric heat 
exchange in every year, while the original model’ used inter- 
hemispheric temperature difference to parameterize heat. 
exchange.) The model uses !-day time steps, |-month averages 
for seasonal calibrations and yearly means for the climate simu- 
lations, The correlation coefficients for the seasonal fits (air over 
land, air over ocean, mixed-layer temperature for two hemi- 
spheres) average 0.99, implying that the model has the correct 
form and phase (upper limit on phase lag between model and 
observations for r = 0.99 is 8,1 days) for the seasonal variations. 
Note that the correlation coefficient of two curves does not 
depend on relative amplitudes or zero point differences, 
although the model performs adequately for these also’. 

We have adopted area-weighted, surface air over land, hemi- 
spheric average temperatures as our modulus of observed cli- 
matic change. This provides the most direct and reliable 
empirical measure of climatic change available and is convenient 
to match to the model output. The problem of earlier studies— 
not having a good hemispheric observational record due to lack 
of land and sea coverage—no longer applies, as we can now 
match model and observations separately over land and sea. 
Even so, the temperature records must still be taken as only an 
approximation to reality’. The hemispheric means used (land 
only) are shown in Fig. la, b taken over latitudes 585° for the 
Northern and 0-45° for the Southern Hemisphere. The caveats 
given by Jones et al!” concerning the Northern Hemisphere 
data set apply even more strongly to the Southern Hemisphere 
record over 1881~1980 derived from a preliminary compilation 
by the same authors. The Southern Hemisphere mean represents 
only a small fractional area and the early part of the record is 
based only on about six gridpoints, thus the early part of the 
Southern Hemisphere record is of particularly marginal quality. 
Despite these problems, we feel that the methods (if not the 
results) we use deserve further consideration. 

We consider the effects of the three most commonly cited 
external causes of climatic change. CO, is important for the 
effects it may have had in causing or modifying climate on 
ice-age time scales''-'* and, of course, for its possible twentieth 
century influence. Solar forcing is universally recognized as 
potentially important if the Sun is variable at a level >0.1% 
extending over several years. We do not yet have direct evidence 
of long-term solar variations and so treat this as the most 
hypothetical of our three forcings. At the least, the solar forcing 
is reasonable, and is useful as a test of how sensitive the empiri- 
cally derived CO, response is to its inclusion. The only known 
component of solar variability, sunspot blocking, leads to neghi- 
gible hemispheric-scale surface temperature variations“. Vol: 
canic perturbations resulting from stratospheric aerosol injec- 
tions are widely recognized as the only external forcing whose 
importance has been verified'*'”, 

The concentration of atmospheric CO, has been accurately 
measured'* as having increased from 315 p.p.m. in 1959 to 
> 340 p.p.m. in 1983. This 8% increase should have resulted in 
an equilibrium atmospheric warming of 0.33 +0.17 °C based on 
a logarithmic interpolation from an assumed doubling response 


of 3.04 1.5°C derived theoretically’? The predicted response ie 
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*<Fig. 1 Model simulation results for case with CO, (initial) at 
“260 p.p.m., volcanic perturbations based on ice core records of 
acidity (north) or sulphate (south) and ‘solar’ forcing through a 
16-yr harmonic term (model 3 of Table 1). a, b, The model output 
(solid line) and observed temperatures (arbitrary zero point) for 
air over land in the Northern (NH) and Southern (SH) Hemi- 
spheres. c, d, e, The northern (dashed line) and southern (solid 
line) hemispheric responses to the individual forcings of CO), solar 

and volcanic activity, respectively. 


over a short interval may be reduced by the thermal inertia of 
-thë system. The expected increase of temperature over the last 
¿oe century of a few tenths of a °C is large enough compared with 
“the several tenths of a °C observed fluctuations (see Fig. 1) to 
raise hope of its empirical detection. Unfortunately (from the 
point of view of providing simple confirmation), average tem- 
peratures for the Northern Hemisphere land stations were 
ecreasing over the years 1940-70. Estimates of the mid-nine- 
enth century base level of CO, range from 260 to 300 p.p.m. 
with lower values gaining favour in recent research”®”'. We shall 
adopt a range of concentrations for AD 1850 starting at 260 and 
_ 300 p.p.m. (see Fig. 2a) to test the sensitivity of empirical deriva- 
< tions of CO, warming to the large uncertainty in the history of 
this forcing. 
Stratospheric injections of sulphur compounds from large 
volcanic events lead to the production of sulphuric acid particu- 
“lates, which scatter incident sunlight and induce cooling in lower 
atmospheric layers. Although there has been recently a general 
convergence of theoretical and empirical evidence for the 
< -existence of a volcanic influence on climate’*”’, details are 
_ speculative. For example, alternative reconstructions?” of 
‘Northern Hemisphere volcanic dust indices show large dis- 
repancies over the 1940-60 period of crucial significance for 
s study and may include events added subjectively and based 
prior knowledge of anticipated climatic effects. An objective 
ure of stratospheric. sulphate loading exists in the records 
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Fig. 2. a, Two possible records of increase (p.p.m.v.) for CO,- The 
curve starting at 260 p.p.m, passes throu; ^ the observational record 
from 1958 to 1980, while the curve startiag at 300 p.p.m. shows a 
more rapid increase which roughly mimics the combined increase 
of other greenhouse gases in addition to CQ}. b, Fractional radiative 
perturbations derived from an acidity trace from a Greenland i 
core?“ (representing fallout of stratospheric sulphates) thre 
1972 with an extension through 1981 based on direct stratosphe: 
sampling for sulphates*'. The radiative perturbation for. the 
Southern Hemisphere (c) is based on sulphate content: of 
Antarctic ice core’. Extensions beyond 1981 in b and cassum 
that the El Chichón event matches that of Agung in 1963—lack 0! 
observational temperature records beyond 1982 and 1980 for.th 
Northern and Southern Hemispheres respectively, makes th 
details of these extensions unimportant for the model fits. 


of acidity or sulphate content from polar ice cores**”* in respe 


tive hemispheres. Despite the many caveats’ which apply whe 
using acidity or sulphate traces as indicators of hemispher 
averaged volcanic dust veils, they are probably the best:su 
records available, although the relative error content may 
large and is not adequately understood. Figure 2 b, c show 
plots of the volcanic forcings used in this study. 
Justification for inclusion of a solar term follows the 
ing’*?’ of solar diameter variations with a period of some 7! 
and the theoretical expectation?" that luminosity changes coul 
accompany diameter variations, but with largely unconstrai 
phase and amplitude relations. Because no sufficiently preci 
direct measures of the solar luminosity as yet exist over lo 
enough time scales to constrain our expectations, this suggeste 
climate forcing is clearly hypothetical. In selected experimen 
we shall allow a sinusoidal variation of the solar constant | 
period of 76 yr. A condition for this hypothesis will be whethe: 
or not the phase and amplitude of this harmonic componen! 
climatic change agree in separate tests for the Northern 
Southern Hemispheres. 
The energy balance climate model discussed above A 
integrated forward in time using 1-day time steps starting fro 
assumed equilibrium initial conditions in 1850. A time-depe 
dent perturbation to the incoming radiation is applied for the 
volcanic (yearly resolution) and solar terms and to the outgoing 
IR loss term to account for changing CO. Amplitude and phase 
shift (where applicable) factors for the perturbations are deter: 
mined in a least-squares sense by fitting the appropriate model 
output temperature time series to its corresponding observed 
record beginning in 1881 (that is, hemispheric air temperature 
over land). : ni 
Table 1 presents for climate simulations of the past century 
fitting the Northern and Southern Hemispheres both separately 
and simultaneously using forcing functions that are sometim 





Table I Clima simulations of the past century fer the Northern and Southern Hemispheres 
EA 








Model forcing 





factors Domain Solart 2xCOF 
1850 76-yr of fit Volcanic amplitude” Phase Equilibrated r§ 
CO, solar N S N S Amplitude (yr) amplitude N S 
260 Yes N 2.07 (37) 0.30 (22) -16.6 1.36 (31) 0.825 
260 Yes S 2.83 (40) 0.40 (18) ~4.8 1.89 (20) 0.795 
; 260 Yes N S 2.25 (39) 3.02 (41) 0.30 (12, 17) ~F 1.53 (32, 19) 0.808 0.778 
300 Yes N S 2.16 (38) 2.96 (41) 0.30 (11, 17) ~10.8 1.60 (32, 19) 0.802 0.781 
i 260 No N S "2.92 (44) 3.90 (43) 1.22 (30, 17) 0.737 0.736 
E: 260 No N 1.77 (34) 0.582 
n EORR anaana aaaea 







































plained by this component. 


mispheric and sometimes global. Modelling a real global 
reing term (CO, and solar) should yield similar characterizing 
rameters independent of the hemisphere which is simulated, 
f the term—or one proportional to it—is, in fact, operative in 
ture (and assuming the response characteristics of both hemi- 
heres are qualitatively similar). Volcanic forcing is less global 
in extent, and may well have substantially different effects in 
two hemispheres, results which can be partially tested by 
using independent, but simultaneous volcanic forcing records 
the Northern and Southern Hemispheres. 
Models 1-3 of Table 1 show the results of climate simulations 
th initial CO, at 260 p.p.m. separate volcanic forcing records 
ym polar region ice cores and a harmonic component at 76 yr; 
sults for entry 3 are shown in Fig. 1. An interesting result is 
consistency of the 76-yr harmonic independently derived 
or the two hemispheres as shown by models 1-3 of Table 1. 
ether or not the 76-yr harmonic is solar forced, these results 
ggest that an important common component of climatic 
ange not associated with CO, or volcanic forcings exists in 
ath hemispheres. The most obvious identification a appears to 
e solar, especially when the plausibility arguments”*°** that the 
nis variable at this time scale are taken into account. Model 
(compare with 3) shows the effect of not allowing for a 76-yr 
harmonic component. 
Sensitivity to different CO, concentration scenarios beginning 
60 and 300 p.p.m. is shown by models 3 and 4 of Table I. 
eè greenhouse-induced temperature increase from 1880 to 1982 
is 52% larger for the low versus the high baseline value, ue 
predicted doubling response is smaller by only 13% 
neral, results for the Northern and Southern a. 
mulations yield surprisingly consistent results. The correlation 
efficient for the Northern Hemisphere is invariably higher 
an for the Southern, which may reflect the better databases 
jailable for the Northern Hemisphere, but the difference is not 
eaningful given all the uncertainties. Fitting only CO, (model 
of Table 1) results in much less explained total variance, than 
th the combined fits. 
e results of this study are generally consistent with, but 
wer than, most theoretical expectations for CO,-induced 
rming. In particular, the simulations of Table | show a mean 
doubling response of 1.6+0.3 °C, in rough agreement with the 
wer range of theoretical predictions summarized in a recent 
National Academy of Sciences report’’. It is thus possible 
claim cautiously, as others have previously, that a surface 
ing due to the greenhouse effect appears quite consistent 
th the observational climate record. It is, however, not yet 
ssible to be quantititative and it is not valid to attach any 
tistical significance to the above claim. This is because there 
e still too many tynable parameters in our models and too 
Ww quantitative observations of external climatic forcings over 
past century to make meaningful statistical significance tests. 
oreover, if our model had different parameter values or func- 
tional forms for parameterization of internal feedback processes 


Multiplicative factor applied to perturbations shown in Fig. 2. Numbers in parentheses for this and latter columns show per cent variance 


+ Amplitude is peak-to-peak % variation of 76-yr harmonic. Phase is with respect to peak in 1911. 
Empirically derived response in °C for an equilibrated doubling of CO, assuming a logarithmic CO,-temperature relationship. 
§ Linear correlation coefficients between observed temperatures and model simulations. 


or thermal capacities*’, it is conceivable that our fits in Table 1 
could be quite different. On the other hand, the higher (about 

4°C) CO, doubling equilibrium response of recent general circu- 
lation model calculations” could be a result of too strong a set 
of positive feedback mechanisms (such as cloudiness para- 
meterization) in the GCMs. Or, it is also conceivable that the 
equivalent surface temperature doubling response we find semi- 
empirically for the about 20% increase of CO, from 1890 to 
1980 actually is about 1.6°C, while at the same time an actual 
doubling of CO, would cause an equilibrium surface response 
of about 4°C because of nonlinear feedback processes. It is 
impossible to resolve these uncertainties at present. However, 
based on the seasonal cycle tests’, we claim that the basic 
structure of our model is at least reasonable to a first order. 
Therefore, barring some dramatic new counter evidence, the 
advent of a significant greenhouse warming in future decades 
should not come as a surprise'*'?"°, The magnitude, though, 
is still unclear to a rough factor of 2. 

An interesting counterpoint” ? to increasing greenhouse gases 
is the possibility?’ that ambient stratospheric sulphate is increas- 
ing at 6-8% yr7', implying doubling times of 12-9 yr. The current 
background of stratospheric sulphates produces climatically- 
negligible extinction, but increases will produce linear perturba- 
tions (unlike CO, for which the global temperature response is 
logarithmic due to saturation of certain absorption bands). 
Effects to date are included in the modelling through the in situ 
results? used to extend the ‘volcanic’ forcing record past 1972 
in the Northern Hemisphere. At a doubling time of 10 yr for 
anthropogenic sulphate releases, the background stratospheric 
sulphate level would increase to that of large volcanic events 
(Agung, El Chichón) in 3—4 decades, at which point the sulphate- 
induced cooling would offset projected greenhouse warming. 
Clearly, continued monitoring of stratospheric sulphate con- 
centrations is important. 

There are at least two ways of making further progress in 
detecting the CO,-induced global-scale climate warming. (1) 
Wait a few decades until the warming signal is unambiguous. 
This, of course, presupposes that a warming is occurring at 
predicted rates and that other simultaneous effects are unimpor- 
tant. But even after some decades it will be possible that other 
natural causes could have induced a warming of several tenths 
of a °C, as had occurred earlier this century**. (2) Reduce the 
uncertainty associated with other causes of climatic change (such - 
as volcanoes, possibly solar variations, and other trace gases) 
which are simultaneously operative. This would allow the known 
effects to be directly accounted for in the observed record, 
reducing the number of free parameters to be fit and improving 
the chances of obtaining a statistically significant result for 
residual effects like CO,. We believe that this approach is prefer- 
able as it allows for both prediction and physical under- 
standing-—the latter being important for the credibility of any 
anticipated response by society to CO, increases’, Through 
studies which attempt to include quantitatively a plausible set of 









climatic forcings-we can’ hope to at least elucidate the fruitful 
areas for more specialized research, if not bound a plausibfe 
-range of CO,-induced climatic responses. In this respect, 
¿accurate monitoring of plausible climatic forcings such as 
© total solar irradiance or stratospheric aerosol loadings are 
essential. 

Although we make no claim for statistical significance in our 
calculations, we have emphasized the need for additional 
independent verification of 76-yr solar and interhemispheric 
volcanic forcings. We have also suggested that comparisons 
between model and observational data for the purpose of detect- 
ing a possible CO, signal empirically are more meaningful when 
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Most studies of the hydrothermal input at active ocean ridges have 

concentrated on elements present in solution rather than particu- 

late matter. During the exploratory cruises Clipperton"? and 

Geocyatherm’, we moored and recovered sediment traps close to 

hydrothermal vents associated with the 13° N East Pacific Rise 

(EPR) with the aim of studying the particulate flux. The first trap 

was moored about 300 m east of the axis of the central valley, the 
_ second was located directly in the central valley at about 200 m 
~ from active vents. Both traps were 50 m above the sea floor and 
-well under the depth of expansion of the hydrothermal plume’. 
We report here that, in addition to the expected sulphides, we 
recovered crystals of graphite with antimonide overgrowths. This 
i graphite is considered to be of hydrothermal origin; it can readily 
be distinguished from continentally-derived carbonaceous parti- 
cles. The flux of hydrothermal graphite is estimated to be about 
1.7 nmol cm? yr! 

The sediment traps were released and recovered using tech- 
niques developed by Honjo* so as to avoid pollution of the 
samples. Several size fractions and aliquots were obtained, but 
the observations reported here were made on the <1-mm size 
fraction from both traps. The particles were transferred and 
fixed onto the membrane filters. The methods that we used to 
scan the membrane filters. and to select and analyse interesting 

objects have been outlined elsewhere’. The total sediment 
¿collected was about 300mg for CL/ST1 during a 10-day deploy- 
ment, and about 7 g for CL/ST2 during a 222-day deployment. 
The particles contain most of the mineral species, such as 
hotite, chalcopyrotite, iron sulphides, zinc sulphides, cal- 
sulphates, barite-and silica that previous investigators have 
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identified in hydrothermal chimneys and basal mound: 
Several antimonides were also recognized, and their prese: 
is important for attributing an origin to the graphite parti 
The following compositions were obtained: Sb-S; Pb- 
Fe-Sb-S; Pb-Fe-Sb—S; Pb—Fe—Sb—As—S (Cu and Zn are’ co 
monly minor components). 
During our study of what looked like antimonides, wec 
across several grey, opaque particles which did not display t 
characteristic lines of Sb and S when scanned. They were even! 
ually identified as graphite particles (Fig. 1) and common 
contained overgrown stibine (Sb,S,) and various Fe~Cu-PI 
sulphoantimonides (Fig. 2). All these antimonides are also foun 
as loose fragments and crystals in the trap’s sediments, but. ai 
never deposited on biogenic debris. Thus, this paragen 
association of graphite and antimonides can be consider 
characteristic of the deep-seated origin of the graphite. Althou: 
the presence of continental carbonaceous particles in oce 
sedimentation’, is a complication inherent to the collectio 
device, it does not create a problem when distinguishing betwe: 
the two types of carbonaceous particles (deep-seated and co 
tinental), provided microscopical (such as hue and morpholog 
and not chemical criteria are used'®. oe 
Taking into account the results from similar sedim 
traps*''~'*| it seems that this occurrence of graphite is related 
to the vicinity of hydrothermal vents. 
The number of graphite particles gave flux estimates which 
are in the same range for both sediment traps: 3. 5-7 particles 
cm? yr"! for CL/STI and 3.2-6.4 particles cm? yr t fi 
CL/ST2. With an average particle size of 15 um, the correspo) 
ing average, flux of carbon as graphite should 
1.7 nmol cm~? yr™', or 20.4 ng cm? yr™'. As graphite carbon is 
probably unreactive in seawater, this also represents the flux 
sedimenting in the vicinity of the hydrothermal vents at 13°N 
EPR. But an indiscriminate count of all carbonaceous particles. 
a chemical measurement of the total elementary carbon in sedi- 
ments’? would be wrong, since carbons from different origins 
are added together. 
In the same deployments, we have measured the fluxes: of 
several elements introduced by hydrothermal activity (J.B. € 
al., in preparation). The flux of carbon is smaller than that of 
Fe, 1,100; Mn, 13; or Cu, 6 nmol cm” yr™ but is in the same 
range as Ba, 3, and much larger than Sb, 0.04 nmol cm~? yr 





Fig. 1 Particle 3 (CL/ST2). Large graphite crystal of angular 
outline with small surficial platelets, also of graphite (scanning 
electron microscopy (SEM), secondary mode). Scale bar, 10 pm. 
The features of the graphite particles and methods used are sum- 


a marized below. Morphology under light and SEM reveal an 


irregular outline with some straight edges. Regular crystals are not 


% present. Particles are generally flattened. Texture under light and 


electron microscopes show stackings of irregular lamellae, often 
kinked. Terminal platelets are overgrown with smaller platelets. 
The particles are between 5 and 100 pm with most between 5 and 
20 um, and an average of 15 um. Particles <2 pum could also be 
present. Optical properties under the light microscope and oil 
immersion: (1) transmitted light is fully opaque; (2) reflected light, 
unpolarized, is moderately reflecting in blueish grey; (3) reflected 
light, fully polarized, is anisotropism visible only along the kinks. 
As graphite is one of the most anisotropic substances, we checked 
the optical properties of unpolished particles, observed normally 
to the basal cleavage, on graphite from Buckingham, Ontario. The 
latter matched the properties of our oceanic particles. These can 
also be easily distinguished from continental, fire-generated car- 
bonaceous particles by hue, anisotropy and morphology: the con- 
tinental carbons display a characteristic bronze hue, distinct reflec- 
tion pleochroism and bireflectance and various characteristic mor- 


= phologies: moss, hollow spheres, splincters, punctuated ribbons’, 


but no stacked platelets. The chemical composition determined by 
electron microprobe showed (1) energy dispersive spectrometer: 
humped spectrum, with hump at 1-2 KeV; minor elements: Si, Cl, 
Ca, Fe. (2) Wavelength dispersive spectrometer with a lead stearate 
crystal reveals a strong carbon line at 52.71° (20). The intensity of 
the carbon line is consistent with graphite, when using CaCO, 
(coccoliths) and Buckingham graphite as standards. The pattern 
obtained with 30 analysed particles using X-ray diffraction with 


ye the Chesley micro-camera, extracted by micromanipulation, con- 


sists of | line and several spots corresponding to the 2H polymorph 
of graphite; but the data cannot rule out the possible presence of 
the 4H or/and 3R polymorphs, as reflections other than the strong 
(002) are found as spots which were unsuitable for intensity 


5 measurements. 


_ Carbon graphite has been observed in submarine basalts 


The presence of graphite in the hydrothermal input to the 


ocean can be related to other observations of ridge systems. 
15,16 


An estimate of the relative concentration of graphite can be 


_ obtained from carbon extracted in fusion experiments; at 13° N, 


the concentration obtained for carbon in basalt is 246 + 20 p.p.m. 


_ which is high for ridge systems'®. Graphite can be produced 


from three main processes: (1) disproportionation of CO: 2 
COC +CO,, which is catalysed by sulphides'*; (2) reduction 


~ of CO: CO+H,>C+H,0, which is catalysed by Fe (ref. 15); 


(3) breakdown of C@,: CO >C +0, which implies the inter- 
mediary formation of CO (ref. 17), and must be followed by 
the retluction of O, (by H2, H,S, Fe, Fe?*, ...) for the reaction 
to occur. In any case reducing agents are necessary. Observations 
of the serpentinization of olivine'*'? show that reducers such 
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Fig. 2 Particle 36 (CL/ST2). a, Graphite particle of rounded 

outline. (SEM, secondary mode). b, As a but in reflective mode. 

The highly reflecting particles are sulpho-antimonides concen- 
trated on the graphite particle. Scale bars, 10 ym. 


as Fe and H, are involved. The reactions are respectively: 
8[(Mg, sFeo.s)SiO4] +8H,0 > 4[Mg,Si,0.(OH),] + Fe;O, + Fe 
and 


6{(Mg, sFeo.s)SiO4]+7H:0 > 3[Mg,Si,0.(OH),] + Fe;04 +H; 


In this case, graphite is associated with metallic iron and serpen- 
tine, as found in “alpine peridotite type’. 

This possibility is sustained by the presence of metallic iron 
associated with (deposited on) silica, as found in the sediment 
trap (Fig. 3). Only two such particles were observed in the 
scanned filters from CL/ST1 (data not shown). However, this 
is significant as one would not expect to find metallic iron in 
sediment traps owing to its high reactivity in seawater. Its 
presence must be transient and sustained only due to the produc- 
tion and input of the vent system. Silica may have acted as 
protective coating for iron, and the short recovery time of 
ST/CL1 may have been crucial for the good state of preservation 
of unaltered minerals of the vents (J.B. et al., in preparation). 
Octahedral magnetite (Fe;O,) has also been observed in both 
sediment traps and as a minor phase of the chimney’. 

That CO or CO, is the most probable source of carbon graphite 
is difficult to prove. In the temperature range 350-500 °C, CO, 
has a higher concentration than CO in the C-O-H-S system”. 
At.13° N, the CO,/CO volume ratio is 80 in the basalt vesicles’®. 
This may mean that CO has reacted, yielding C and additional 
CO,, or that CO, is the most probable source. 

Thus, we propose that the graphite crystals recovered in the 
vicinity of hydrothermal vents are formed during serpentiniz- 
ation by reaction of CO and/or CO;. Some particles can be 
transported by hydrothermal waters and released in seawater. 
Because graphite is quite unreactive in seawater, it will be found 
unaltered in the vicinity of the vents. Although very low, the 
flux of graphite should be measurable in sediments as it is also 
stable in that environment. Hence, an assessment of the sedimen- 
tary flux of crystalline graphite can be used to estimate the 
hydrothermal input to the oceans and its variations. One must 
take into account the contribution of continental derived carbon 
particles, which have different properties’ from hydrothermal 
carbon graphite and can thus be distinguished. 

The presence of crystalline graphite also suggests that deep- 
seated hydrothermal solid products may be transported in the 
hydrothermal plumbery, as can also be predicted from observa- 
tions of hydrothermal chimneys*'. Although witnesses of the 
black smokers have often reported that there are no particles in 
the fluid at its outlet, it would be difficult to observe micrometre- 
range particles with velocity in the range 0.5-2 m s™' (ref. 3). 
Thus the identity of what is measured (dissolved, precipitates) 
in hydrothermal fluids should be examined to find out which 
elements are involved in deep-seated reactions (silica, metals). 

Graphite particles are considered to be efficient scavengers 
of organometallic compounds. This make them suitable for the 
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Fig. 3 Particle 34 (CL/ST1). Angular silica particle overgrown 

with metallic iron. a, Silica particle (SEM, secondary mode). b, 

Enlargement of the lower part of a. The subparallel overgrowths 

of metallic iron appear in light grey at the lower and upper right 
a corners. Scale bars: a, 10 um; b, 1.0 pm. 


fixation of bacterial life in the vicinity of hydrothermal vents, 
and for its continuation in metalliferous sediments produced 


through vent activity. 


The Parflux sediment traps were deployed following a joint 
programme Parflux/Univparis between CNRS and WHOI/ 
NSF. Funds were provided by CNRS. Shiptime was provided by 
CNEXO with R. Hékinian as chief scientist. S. Manganini was 
in charge of the deployment, recovery and the splitting of 


samples. 
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Conventional double-couple solutions do not satisfactorily account 
for many small magnitude earthquakes in the Hengill geothermal 
area in the Neovolcanic Zone of Iceland. The far-field radiation 
pattern is predominantly compressional but a few dilatational 
arrivals have been recorded. We prefer the interpretation that 
these events are due to tensile crack formation at a shallow 
(1-7 km) depth within a cooling intrusive body. Volume consider- 
ations indicate that initial fracturing of the rock is seismic but 
that subsequent widening proceeds aseismically. Other reports of 
‘ anomalous radiation patterns from earthquakes on the Mid- 
Atlantic Ridge describe events of a similar type, that is, exhibiting 
predominantly compressional radiation patterns and a reduced 


dilatational field'~. 
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In 1981, an intensive 3-month seismic monitoring project was 
carried out in the Hengill geothermal area of Iceland (Fig. 1). 
The project was designed using foreknowledge of the spatial 


distribution of earthquake activity within the area and its — 


ongoing naturef. The crustal structure is well constrained by 
refraction shooting” and shots fired within the area during the 
monitoring project confirmed that the crustal model used is- 
accurate to within 5%. In total, 30 seismometers were operated 
within 14km of the centre of the network. 

About 140 well-constrained focal mechanism solutions were 
obtainable for small magnitude earthquakes occurring within 
the network. Conventional double-couple solutions with 
orthogonal nodal planes cannot be fitted to half of the events. 


Compressional arrivals dominate the focal sphere and dilata- = 


tional arrivals of normal amplitude project onto the focal sphere 
in a narrow zone striking about north-east. Two examples and 
a composite solution are shown in Fig. 2. The dilatational and 
compressional portions of the focal sphere may be separated 
by small circles with typical radii of about 80°. Hence the ratio 
of the principal seismic moments of these events is approxi- 
mately: 30:—-1:—1. 


The predominant component of this mechanism is a linear — 


vector dipole (LVD). The sum of the principal moments is 
significantly greater than zero, indicating a volume increase. In 
this respect, the source differs fundamentally from the CLVD 
source recognized by Julian’. 

We propose that this radiation pattern is generated by the 


formation of a tensile crack in the presence of a pore fluid, and — 


that this type of fissure formation would be expected to occur 


in the tensile stress regime of an accreting plate boundary. $ 


The Hengill area forms part of the continuation of the Mid 


Atlantic Ridge (MAR) onto the Icelandic landmass and has 


been volcanically active for ~700,000 yr (ref. 9). Originally the 


volcanic centre lay to the north of the village of Hveragerdi but 


later moved west and now underlies the central volcano Hengill 
(Fig. 1). The area is occupied by an extensive and complex 
geothermal field, which is hottest in the immediate vicinity of 


E Hot Springs 
e*, Earthquakes 


@ Seismometer 





Fig. 1 Hengill central volcano and vicinity, the inset shows its 

location in Iceland. The map reveals seismic activity during the 

3-month recording period, areas of hot spgings and outline of 

fissure swarm transecting the area through Hengill. Of the 30 

stations operated, 17 lie within the area shown. 1, 2, Locations of 

events shown in Fig. 2; 3, 4, 5, locations of events used for 
composite solution shown in Fig. 2. 

















































lengill. However, most of the hot springs, and hence the greatest 
eat loss, occur in the vicinity of the original volcanic centre. 
“fissure swarm striking at N 25° E transects the area, passing 
hrough Hengill. ‘The eruption fissures, and vertical, open 
issures contained within it, testify to the tensional nature of the 
tress regime of the area. The direction of least compressive 
tress is orientated N 65° W, normal to the fissure swarm’? 
Earthquake activity is continuous. The activity rate is | magni- 
ude ( M, )0 event per day. The hypocentres of most of the events 
luster in a volume beneath the old volcanic site. Hypocentral 
lepths are mostly within the range 1-7 km (Fig. 3). The pore 
luid is thus hydrous at shallow depths but may be magmatic 
eper down. In such a regime, the most likely cause of con- 
uous seismicity is contraction cracks in the cooling roots of 
he extinct volcano. 

s a result of continuous heat loss from the surface, the rock 
cools and contracts. This produces a local tensional stress field 
satis superimposed on the regional. The total stress field is 
ditionally modified by geothermal processes (for example, 
soiling in the rock), that influence the pore pressure on a very 
mall scale. Where these processes result in an increase in pore 
ressure thay may trigger fracture formation. 

Failure in this predominantly tensile total stress field results 
n the formation of roughly vertical tensile cracks orientated 
about NE-SW. 

_ The formation of a planar tensile crack in an isotropic medium 
would yield an all-compressive far-field radiation pattern of 
variable amplitude with respect to the orientation of the crack. 
The largest amplitude is normal to the crack, and the amplitude 
minimum traces a great circle on the focal sphere where the 
k plane projects onto it. The point force equivalent of such 
‘ource may be represented by three mutually orthogonal vector 
linear dipoles with moments in the ratio: (A + 2p): A:A, where 
and yw are the Lamé elastic modulii''. The seismic moment 
nsor of the Hengill events can be modelled by combining a 
ensile crack with a spherically symmetrical implosion: 


[(A +2): AA] +[-(A £8):—-(A +8):-(A +8)] 
= [(2u - 6):~-5:~6] 


Fluid flow is a slow process compared with the speed at which 
acture forms so at the moment of fissuring, the volume 
occupied by the fluid in the immediate vicinity of a fracture 
increases and causes a local pore pressure drop’*. This sudden 
pore pressure drop is omnidirectional and generates the dilata- 
‘onal portion of the radiation pattern. 

Decreasing pore pressure limits crack propagation and hence 
probably limits the size of events. The formation of one fracture 
ses local changes in the rock medium and stress field, and 
; trigger a chain reaction. This could explain the ‘geothermal 
swarms’ of numerous, very small events observed in many 
geothermal areas in Iceland. 

_- Itis, therefore, a pore pressure drop caused by restricted fluid 
flow at the moment’of fissuring that generates the dilatational 
art of the radiation field and limits crack growth. 

| THe natural heat loss of the Hengill area is 350 MW (ref. 13). 
If attributed to a cooling intrusion, the rate of volume contrac- 
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tion may be calculated using the equation: 


where AV is the contraction rate, H is the cooling rate, y is 
the coefficient of thermal expansion (=16.2* 107° K™?), p is the 
density (~3 x 10° kg m~’) and C, is the specific heat of basalt 
at constant pressure (~1.3 x 10° J kg“! K7'), Application of this 
equation to the Hengill area gives a contraction rate of: AV = 

4.5 x 10* m? yr7!, An estimate of the total volume of contraction 
cracks formed aie may be made and compared with this 
value. The equations'* 


log My = 15.1+1L.7M, 
log E=11.84+1.5M, 


give estimates of seismic moment and energy release from local 
magnitudes (M_,). The ratio of principal seismic moments ob- 
served for the Hengill events indicates that 6 is small, Therefore, 
they are predominantly linear vector dipole sources and seismic 
moment may be approximately related to volume by the 
equation: M, = 2yV, where V is the volume of the crack. Using 
these equations, the contraction rate within the seismically active 
volume is estimated to be two orders of magnitude smaller than 
that calculated for the cooling intrusion. A similar result is 
obtained if energy is considered. 

These calculations demonstrate that the seismicity may be 
attributed entirely to a cooling volume and that it is likely that 
much aseismic widening occurs after the initial fracturing. 

There have been other reports of anomalous radiation patterns 
from the MAR and its continuation onto the Icelandic land- 
mass'~*. For these events, dilatational arrivals occupy less than 
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Fig. 3 Magnitudes and depths of events for which good focal. 
mechanism solutions were possible. 








half of the focal sphere. Interpreted in terms of source mechan- 
ism this also requires a net explosive component. In the case 
large, teleseismically recorded events, where lower hemi- 
here polarity plots are made, explanations for the observed 
anomalous radiation patterns may readily be found by invoking 
nterference, or path effects where the events are shallow and 
n areas of active volcanism, where severe crustal inhomogeneity 
_ isto be expected'*'’. However, in the Hengill case we are dealing 
“with shallow earthquakes, upper hemisphere plots and a well 
constrained crustal structure. Many of the events exhibit extreme 
non-dipolarity and occur interspersed with double-couple sour- 
ces. Here it is less easy to explain away the anomalous events 
as the result of a path effect. 
We conclude that the Hengill source mechanism data indicate 
that at this point on the accreting plate boundary stress is being 
released by tensile crack formation. These data strongly suggest 
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“Various classes of compounds, including hydroquinone, urea, 
cyclodextrin and montmorillonite, can act as host compounds 
having several types of inclusion spaces, such as three-dimensional 
cages, parallel channels and layers'. Despite the variety of host 
compounds, however, little attention has been paid to the possible 
complexation of two or more of different kind host components: all 
inclusion compounds so far reported’ use a single component as 
i. the host structure. We have now prepared, for the first time, a host 

compound consisting of two components, one layered and one single 

channel-like, in which dimers of 1:1 complex of Ca(t) with 
mono-(6-B-aminoethylamino-6-deoxy)-B-cyclodextrin (CDen) 
are formed in a stable condition and are closely packed between 
the silicate layers of montmorillonite, with their opening faces 
parallel to the interlayer surface. This compound is unique because 
‘the cyclodextrin which it takes up as a guest component can also 
act as host for many substances. In view of the enzymatic function 
‘of cyclodextrins, this class of compounds seems promising for use 

as an immobilized artificial enzyme and in models of membrane 
enzymes, 

Cyclodextrins are cyclic oligosaccharides of D-glucopyranose. 
The CDen used in this study is a derivative of B-cyclodextrin, in 
which the 1,2-diaminoethane group is attached to a primary 
alcohol group on the narrow side of the truncated cone-shaped 
cyclodextrin molecule. The cyclic dextrins and their derivatives, 
including CDen, are very useful as micro-encapsulating agents 
cor enzyme models as they stabilize sensitive volatile or toxic 

“Substances by encapsulating them, or catalyse various organic 
“reactions in a manner similar to that observed in enzymatic 
reactions’’. The clay mineral montmorillonite is made up of 
negatively charged layers with a typical composition of 
(AL, Mg)2.(Si, Al)s019(OH), and interlayer cations compensat- 
‘ing the positive charge deficiency of the silicate layers’. Due to 






















that such sources can occur in nature in a tensile stres 





















ment. Thus, more credenge should be given to the theory tha’ 
the anomalous radiation patterns reported for MAR earthquake: 
are due to source effects, particularly an enhanced explos 
element leading to volume increase at source, as a result of 
crustal accretion process. 

Shear source mechanism solutions are commonly fitte 
data that are not sufficient to constrain such a solution. 
present results suggest that the custom of routinely fitting do 
couple solutions to inadequate data should be viewed 
critically. i 

We acknowledge the loan of geostore equipment by th 
NERC, UK. Financial support was provided by the Natio: 
Energy Authority, Iceland, and the Municipal Heatin 
Authority, Reykjavik, Iceland. We thank Professor M. 
Bott, Dr P. Einarsson and Dr S. McNutt for helpful suggestio 
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a variety of organic compounds. 
CDen was prepared by the method described in ref. 
montmorillonite with a chemical composition : 
(Cap. o9Nao.16Ko.os)(Ali asF€0.13MBo.40)[Sis.o9Alo 01 }00(OH)2'# HO 
(from Tsukinuno mine, Yamagata, Japan) was placed inal, 
CuCl, solution at 25 °C for 10 days to yield the Cu(11) exchang 
form. 
The inclusion behaviour of Cu(11)-montmorillonite towar 
CDen was examined by soaking the Cu(11) exchanged min 
in an aqueous CDen solution and measuring the conte 
CDen and Cu(11) in the solid phase as a function of the CDi 
added®. As a result, a complex of Cu(11)-montmorillonite wit 
CDen was found to form as a single phase when the CDen 
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Fig. 1 X-ray powder diffraction patterns of a, Cu(11)-montmgril 


lonite and b, wetted and c, dried forms of CDen-Cu(in-montmoril 
lonite (FeKa radiation). l 



























than {.4mmolg”'; the re 
at 40°C. Figure | shows the X-ray diffraction patterns 
ie wetted and dried forms of the complex, together with 
f Cu(11)-montomorillonite which has an interlayer spacing 
14.1 A. The interlayer spacings of the wetted and the dried 
of the Cu(i1)-montmorillonite~CDen complex were 39.2 
33.4 A, respectively. The amounts of CDen, Cu(11) ion and 
ter in the dried solid were determined, respectively, as 0.58, 
5 and 6.7 mmol g™' of clay by thermogravimetric or atomic 
ibsorption analysis. This indicates that the molar ratio of CDen 
Cu(11) in the solid is 1:1. The intercalated CDen cannot be 
moved by suspending the solid in water. 
The dried CDen-—Cu(11)-montmorillonite complex has expan- 
its layer by 23.9 A more than that in the fully collapsed 
rm of its inorganic component, 9.5 A (ref. 7). This value is 
tuch less than twice the 15.4 A for the van der Waals’ diameter 
f the torus-shaped parent molecule but is very close to twice 
.8 A, which is the sum of the thickness of the torus and the 
xtended chain length of the aminoethylamino group. This 
iggests that the CDen molecules would be intercalated as a 
layer with their opening faces parallel to the silicate layers of 
ontmorillonite. Assuming that CDen molecules, each 15.4 Å 
diameter, are hexagonally close-packed in the bilayer, the 
ffective area per molecule is Wi. x (15.4/2)? or 205 A*. As the 
it cell weight of Cu(11)-montmorillonite is 752.6 and the 
face area of one face of the unit cell is estimated as 46 A? 
ef. 8), the CDen content can be evaluated as 2 x (46/205)/752.6 
r 0.596 mmol g™' of clay, which is fairly close to the observed 
lue, 
The spectroscopic observation of an aqueous solution con- 
ining CDen and Cu(11) ions’ suggests that the intercalated 
Den molecules might also form complexes with the Cu(11) 
-that exist between the silicate layers. An electron spin 
onance (ESR) measurement was made on a thin film of 
en—Cu(11)-montmorillonite that had been obtained by spon- 
iheous resedimentation in water. The X-ray diffraction pattern 
ikën. perpendicular to the film plane did not show any peaks 
tributable to the (00/) reflections, indicating that the silicate 
yers in the film are preferentially oriented parallel to the film 
lane. Figure 2 shows that the ESR spectrum of the film is 
irdly affected by the variation of angle between the film plane 
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Fig.2. ESR spectra of a thin oriented film of dried CDen—Cu(11)- 
montmorillonite as a function of the angle between the film plane 
and the Magnetic fieldat 297 K. Microwave frequency, 9,424 MHz. 





id, and the combination of the spectrum with | 
tae powder pattern enables us to determine both. perpendicular 
and parallef components of the g vector and absorbance A. The” 
ESR parameters obtained are g, = 2.062, g; «2,202, A, = 0, and 
A; =178G. These parameters reveal that the interlayer Cu(11) 
ion forms a coordination group [Cu(11)(en)(OH,).F* (en: 
aminoethylamino group) and that the Cu(11) ion and the four 
coordinating atoms are almost in the same plane. Because the 
z axis of the principal system of g is perpendicular to the plane, 
the angular invariance indicates that the square plane is perpen- 
dicular to the silicate layers of montmorillonite. 

We can assume, therefore, that pairs of CDen molecules with 
the coordination group directed inwards or outwards, form 
tail-to-tail or head-to-head dimers between the silicate layers, 
as illustrated in Fig. 3. In a tail-to-tail dimer (shown in more 
detail in Fig. 4), one of the two coordinating water molecules 
associated with one CDen molecule is likely to be hydrogen- 
bonded to one of the six primary hydroxyl groups in the other 
CDen molecule, resulting in the formation of double bridges » 
between the two molecules. In a head-to-head dimer, on the 
other hand, the CDen molecules would associate face-to-face 
with hydrogen bonds between their secondary hydroxyl groups, 
as found in several cyclodextrin inclusion compounds’. 
Moreover, these two types of dimers would be hydrogen-bonded 
through the secondary hydroxyl groups and coordinating water 
molecules, respectively, to the oxygens on the silicate surface. 
The bond angle and distance data for the glucose unit in CDen 
are given elsewhere”'°. Considering the structures of several 
























a 
Silicate layer 
| 
er 239Å 
| 
Silicate layer 
b 





Silicate layer 


f 








a 


| 


= 
“he 


E 


j 


N 

renters GB at cen 
© 
Tre 





Silicate layer 





Fig. 3 Models proposed for the packing of CDen molecules in 
dimers with: a, tail-to-tail and b, head-to-head arrangements in 
the interlayer space of Cu(11)-montmorillonite. +, C; ©, N; @, 0; . 
O, water molecule. Hydrogen-bonds are indicated by dotted lines. 


















cyclodextrin inclusion compounds” "’ and t 
tis reasonable to assume that the seven O(4) atoms .are coplanay 

* that the pseudo-square plane composed of atoms Cai , C-2, C-5, 
-~ and O-5 makes an angle of 80° with the heptagon, and that each 
length of the intermolecular hydrogen bonds in the two types 
_ of dimers is 2.8 A. The structure data on Cu(11)(en)3(NOs), (ref, 
12) suggest that the Cu-N and Cu-O bonds are 2.0 A in length. 
A value of 2.0 A can be assumed for the van der Waals radii 
of the secondary hydroxyl group and coordinating water 
-© molecule located at both ends of a single CDen—Cu(11) com- 
` plex'?. The ESR result also means that the square plane of the 
coordination group in each dimer is perpendicular to the hep- 
tagonal plane of the parent molecule. Based on the above 
models, the van der Waals’ thicknesses of the tail-to-tail and 
the head-to-head dimers were calculated to be 22:0 and 25.8 A, 
respectively. The calculated value for the head-to-head dimer 
is also in good agreement with 13.7 x2 minus 2.02 plus 2.8 or 
26.2 A, estimated semi-empirically using a value of 13.7 A for 
a the thickness. of the monolayered CDen-Cu(11) complex, which 
¿was obtained for the CDen intercalate formed at the initial 
uptake stage and air-dried at 40 °C (ref. 6). Thus the most reliable 
|. Value for the head-to-head dimer is 26.0 A. On further heating 
for 15h at 110°C, the interlayer spacing of the monolayered 
<=; phase remained unchanged, while the intercalated layer of the 
bilayered phase contracted from 23.9 to 22.9 A, retaining the 
coordinating water molecules (according to ESR observations). 
The latter value is fairly close to the calculated value for the 
tail-to-tail dimer. The slight difference of 0.9 Å between the 













-oc Fig.4 Schematic diagram of the tail-to-tail dimer of 1: 1 complex 

< of Culi) with CDen; hydrogen atoms bonded to carbons are 
“omitted. wi, w2, Water- molecules. Hydrogen bonds are indicated 
= by dashed lines. Parts of the CDen molecules closer to the viewer 
are heavily shaded. 
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observed and calculated values might be attributable | 
deviation of the glucose units from their idealized positions 
to the flexibility of the 8-CDen macrocycle in each dimer. Thu 
we suggest that CDen-Cu(11) complexes are more likely ti 
dimerized with tail-to-tail arrangement in the interlayer sp Ç 
however, definite conclusions must await further work; i 
In view of the enzymatic function of CDen, the combin 
host compound corresponds to an immobilized enzyme and t 
intercalated layers of dimeric CDen—Cu(11) complexes mi 
provide interesting models for membrane enzymes or]; 
bilayer membranes. The complexation method developedin 
study, in combination with the conventional methods’, m: 
afford an approach to improving the function of cyclodext 
Many complexes of Cu(i1)-, Ca-, K- or Na-montmorillo 
with CDen or other cyclodextrin derivatives may be usefu 
artificial enzymes, solid supports in gas or liquid chromato; 
phy and as micro-encapsulating agents of unstable substan 
especially insecticides, herbicides and soil disinfectants. 
We thank Dr S. Kikkawa (Osaka University) for supplyir 
the clay mineral, Dr T. Endo and Dr S. Ueno for valuab! 
discussion, and F. Izumi for helpful advice in using Fortran. 
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Epifluorescence optical microscopy has been used. to show 
formation of solid phase domains from fluid phase. doma 
on compression of dipalmitoylphosphatidylcholine (DPPC) mot 
layers at the air-water interface’. These monolayers: ca 
transferred to solid substrates“, and in certain conditions exhibi 
X-ray diffraction characteristic of highly ordered two-dimensiona 
cyrstals*. In previous work, the crystal domains, visualized by i 
exclusion of fluorescent lipid probes, were often round and array 
within a continuous fluid phase domain in a hexagonal patt 
We report here that when DPPC monolayers are more rap 
compressed, at a rate of the order of a 2% decrease in area. 
second, chiral solid domains of lipid are formed. The handedn 
of the solid domains is directly related to the enantiomorp 
configuration of the lipids composing the monolayer. The sha 
of these domains provides direct visual evidence for long range 
orientational order in two-dimensional crystals. e 

Phosphatidylcholines possess a chiral centre at the C 
carbon atom of the glycerol backbone. Cell membranes contai 
only one of the two enantiomers, which is the R isome 
according to the R/S nomenclature system of Cahn. er al®’ 
Monolayers. composed of either 2R,3-dipalmitoylglycero: 
phosphoryicholine (R-DPPC, Sigma,* 99%), 25,3-dip: 
mitoylglycero-1-phosphorylcholine (S-DPPC) or binary mi 
tures of the R and S isomers containing 2 mol % of the fuores- 
cent lipid probe 3-acyl-2R-[N-(7-nitro-2,1,3-benzoxadiazo 
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4-yl)-aminocaproyl]-glycero-1-phosphorylcholine (NBD-PC, 
Avanti) were formed, observed and photographed at the air- 
water interface on the trough and Ztiss photomicroscope III 
system described earlier’. All of the domain structures reported 
here were observed at surface pressures and average molecular 
areas corresponding to the two-phase region of the pressure—area 
diagram for DPPC“. All monolayers were formed over a distilled 
water subphase and observed at ambient temperature (22 + 2°C). 
In addition to a x20 objective, a long working distance x40 
(Nikon) objective was also used. S-DPPC was separated from 
3-palmitoyl-2 R-glycero-|1-phosphorylcholine and palmitic acid 
by silicic acid chromatography after treatment of R,S-DPPC 
(Sigma, 99%) with phospholipase A, (EC 3.1.1.4) from Naja 


Fig. 1 Epifluorescence microscope photographs showing chiral 
solid domains in monolayers comprised of: a, 75% R-DPPC, 25% 
S-DPPC; b, 75% S-DPPC, 25% R-DPPC. No chirality is seen in 
the solid phase domains of racemic DPPC (equimolar R-DPPC 
and S-DPPC, c). The monolayers were formed over a distilled 
water subphase and observed at ambient temperature (22 +2°C). 
The monolayers contain 2 mol% of the fluorescent probe NBD-PC. 
Surface pressure and average molecular area for the monolayers 
are: a, 9dyncm™! &nd 70A?: b, 7 dynem™' and 68 A?; c, 
5 dyn cm™' and 72 A?, respectively. Similar solid domains to those 
shown in a and b were observed for monolayers composed of the 
respective pure enantiomorphs. Scale bar, 50 pm. 
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Fig. 2 Epifluorescence optical microscope photographs of chiral 
solid phase domains formed by non-uniform compression. a-d, 
Regions in the monolayer brought into view by slight membrane 
flow. The shape of the domains is due at least in part to different 
binding kinetics of fluid lipid to solid lipid on the different cyrstal 
faces. This is most dramatically seen in a. The monolayer is com- 
posed of 75% R-DPPC and 25% S-DPPC with 2 mol % of the 
total lipid as the fluorescent probe NBD-PC. The lateral pressure 
and the mean molecular area in the monolayer was 9 dyn cm™' 
and 70 A’, respectively. Fig. 1a would be the fifth photograph in 
this series. The subphase was distilled water and observations were 
made at ambient temperature (22+2 °C). Scale bar, 50 um. 









‘naja (Sigma)*°. The S-DPPC was determined to have an enan- 
tiomeric excess >95% by polarimetry (Autopol II, Rudolph). 
Truely racemic R,S-DPPC was prepared from nominally 
© racemic commercial DPPC by the addition of S-DPPC until a 
null optical rotation was obtained. 

`: Figure la, b exhibit mirror-image solid phase domains formed 
from the binary mixtures of 75% R-DPPC, 25% S-DPPC and 
75% S-DPPC, 25% R-DPPC, respectively. These domain struc- 
tures are very similar to those formed by the corresponding pure 
enantiomorphs. The solid phase domains from the racemic 
mixture show no chirality (Fig. Ic). 

The detailed shape of the solid phase domains is a sensitive 
function of the rate of compression (Fig. 2). Figure 2 represents 
a lateral variation of domain structure at the air~water interface 
due to non-uniform compression. (A wave of compression, 
abruptly launched at one end of a trough, is attenuated as it 
propagates in a two-phase region, giving rise to different rates 
of compression in the same monolayer.) Figure 2a-d shows 
«adjacent regions of the monolayer brought into view by slight 

membrane flow, and illustrate some of the many crystal forms 
‘that appear on compression. At very low rates of compression, 
nearly round crystals are produced. At higher rates of compress- 
ion, chiral forms with smooth edges are produced, most often 
with 3-fold rotation symmetry but sometimes also with 2-, 4- 
and 6-fold rotation symmetry. At still higher rates, complex 
chiral patterns are produced (see Fig. 2a). Aside from the effect 
of chirality, the domain structures formed are reminiscent of 
those observed in the formation of certain organic crystals from 
the melt at various degrees of supercooling'®. The crystal shapes 
that we have observed do show two remarkable features. In 
some cases isolated solid phase domains form a regular pattern 
with both positional and orientational order of the domains 
(Fig. 3a). Also, some of the chiral forms develop an ‘ingrown’ 
spiral structure (Fig. 3b). These special features in Fig. 3 may 
involve overlap of the diffusion fields in the fluid lipid during 
crystal formation. This diffusion field is long-range in two 
dimensions. Electrostatic effects may also affect these structures. 
The solid phase domains formed at the air~water interface must 
have long-range molecular orientational order. This order is 
essential for the formation of chiral crystals. We cannot rule 
out the possibility of some twist of this orientational order if 
line tension leads to deformation of the crystals. 

The solid domains formed by the racemic mixture of DPPC 
show no chirality. Thus these solid domains are either a com- 
pound, a eutectic, or a solid solution. Compound or eutectic 
formation is unlikely as careful pressure-area diagrams for the 
pure enantiomers and the racemic mixture are indistinguish- 
able''!?, (Enantiomeric discrimination is observed for 
monolayers of other substances at the air-water interface’?:'*.) 
Also, the main chain-melting transition temperatures for bilayers 
of R-DPPC and R,S-DPPC are almost the same'*. This suggests 
the solid (and liquid) solutions of R- and S-DPPC are nearly 
ideal (for electron diffraction studies of crystals of R and R,S- 

DPPC, see ref. 16). We have observed that a second fluorescent 
lipid probe, 2R,3-dipalmitoylglycero-1-phosphoryl-N-(7-nitro- 
o 2,1,3-benzoxadiazo]-4-yl)-ethanolamine (Avanti), partitions 
strongly into both R- and S-DPPC crystals. This supports the 
idea of solid solutions. 

It is surprising that such markedly chiral solid domains should 
be formed by solid solutions which may be close to ideal. There 
must be marked differences in the kinetics of fluid lipid > solid 
lipid binding on the different crystal surfaces, as shown: 
especially in Fig. 2a. Such differences might arise, for example, 
if the solid phase monolayer had tilted chains and was ferroelec- 
tric. Reported crystal structures suggest this possibility'’'®. 
Deliberately added impurities, such as fatty acids, affect the 
sizes of the solid phase domains but do not change the results 
qualitatively. Also, the partition coefficients of various fluores- 
cent probes between the solid and fluid phases appear to affect 
crystal form (data not shown). 

“It is reasonable to hope that the general theoretical methods 
by. Langer’? for the morphology of snowflakes” can be 






















































Fig. 3 Epifiuorescence microscope photographs of chiral ‘sol 
phase domains in monolayers composed of R-DPPC and 2 mol % 
NBD-PC. a, The similarity of shape of the domains and’ th 
positional and orientational order that is often observed between 
domains. b, A chiral domain that has grown back on itself to form 
an inwardly growing spiral. The conditions of surface pressure and 
average molecular area were: a, 9dynem™' and 65 A?: b, 
9 dyn em”! and 50 A?, respectively. Scale bar in b, 50 wm. Magni . 
cation in a is twice that of b, The crystals in a and b are formed 
from the same phospholipid enantiomer. Our experience is that 
crystals of the size and general shape as those in a or b would 
each have opposite handedness when formed from the other enan- 
tiomer, except for second-order effects related to the chirality and 

partition coefficient of the fluorescent probe used. 


used to understand the observed structures. These structur 
may also be useful for Studies of immune attack on supported 
monolayer membranes"! 
This work was supported by grant NSF PCM 8021993, anq 
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sere has been extensive theoretical study of the evolution of 
4if-fertilization in hermaphroditic or monoecious flowering plants 
juse self-compatible species with high rates of self-fertilization 
often derived from outcrossing ancestors'~*, Such studies have 
n that a gene causing an increased rate of self-fertilization 
an advantage because the mother transmits genes via both 
il n and egg to selfed progeny’, and thereby evades the ‘cost of 
elosis’™*, Selfing also may be advantageous if the amount of 
len available to fertilize ovules by outcrossing is limited'?*«, 
lowever, these advantages are offset, at least partially, if the 
fitness of selfed progeny is lower than that of outcrossed progeny, 
to inbreeding depression“, Biogeographical evidence 
ests that reduced pollinator activity may be sufficient to 
teract this disadvantage and permit the evolution of selfing 
populations in ecologically marginal areas™“, but direct 
idence is usually lacking. Here we show that the self-fertile 
m le variant of the primrose Primula vulgaris, which reaches 
equencies in certain populations'', experiences a fertility 
antage, in terms of seeds per plant, as a result of its high rate 
elf-fertilization. 
‘opulations of P. vulgaris are usually composed of the 
erostyled | pin and thrum forms, in approximately equal 
encies'®. These are morphologically distinct (pin having a 
g style and low anthers, and thrum the reverse) and are 
ncompatible but cross- compatible!® 11, The long homostyle 
riant is self-fertile, and combines the pin female characters 
ith the thrum male characters so that the anthers normally 
‘ound the stigma, and is inherited as an allele at the 
terostyly locus’’. The locally high frequencies of the homo- 





style variant in populati ns in Somerset, S. W. England; haye 
been investigated for several years by- Crosby!" “2 and, more 

recently, by ©. F. and J. Curtis {unpublished results). The extent 

to which the homostyles self-fertilize has been a matter of 
controversy'”""?. First, we provide evidence that the homostyles 

have a high rate of ‘selfing: this is clearly crucial in testing models 

of their spread'!!: 

The population from Wyke Champflower was chosen for 
study. It consists of approximately 50% pin, 25% thrum and 
25% homostyle plants. Seed capsules were collected in spring 
1982, and seeds were raised in family batches from 10 homostyle, 
7 pin and 4 thrum mother plants. In order to estimate selfing 
rates, polyacrylamide gel electrophoresis was performed on 20 
seedlings from each homostyle family, and 9-14 from the pin 
and thrum families. Two polymorphic, diallelic enzyme loci, 
Est and Acph (which control an a-esterase and an acid phos- 
phatase, respectively), were scored using the methods of Piper 
(in preparation). Once the genotype of each plant had been 
established with certainty, a modification of the maximum likeli- 
hood procedure of Brown et al.'* was used to estimate maternal 
genotype, pollen gene frequency, and the rate of self-fertilization 
(s) for each locus separately. The homostyles had s values 
(+s.e.) of 0.92 + 0.09 and 0.92 + 0.09 using Est and Acph respec- 
tively; neither of these values differs significantly from unity. 
In contrast, the pooled s value for pin and thrum was —0.11+ 
0.15 for Est, which is significantly lower than the corresponding 
homostyle values (P<0.01) but is not significantly different 
from zero. There may be an upward bias in the estimates of s 
due to population sub-structuring'*, but this is unlikely to be 
important in this species (C. M. Cahalan, in preparation). The 
estimates of s for the homostyles are close to the value estimated 
by Crosby'’, using segregation at the heterostyly locus in plants 
from natural populations. 

The high selfing rate of the homostyles can be explained by 
comparing the compatible pollen loads on pin and homostyle 
stigmas. This can be done because pollen grains from thrum-type 
anthers (characteristic of both thrum and homostyle plants) are 
much larger than those from pin anthers, and are easily distin- 
guishable microscopically’’. Large thrum-type pollen on pin 
stigmas represents the inter-plant movement of pollen from 





Table 1 Fertility data for the three morphs of Primula vulgaris from seven populations 





P T H P T H 
larph frequency 0.50 0.50 _ 0.45 0.45 0.10 
Whole plant fertility P 480460 647 4122 
T 475450 TIP AALS 
oe H — 805 + 142 
Seeds per capsule P 49.243.2 45.4% 3.6 
(natural pollination) T 43.2425 47.0% 4.0 
H — 58.7£2.5+ 
Seeds per capsule P 479443.1 44.9441 
(artificial pollination) T 44.1429 47.543.6 
l P T H P T H 
Morph frequency 050 0.50 == 046 OA 0.12 
ole plant fertility P S441 112428 
T 86425 404 19 
H oe 3164537 
Seeds per capsule P 1833.5 12.64 2.5 
(natural pollination) T 19.1448 8.93.6 
: H 48.93.74 
Seeds per capsule P 44,944.88 47.4 44.98 
T 52.0+5.98 35,8 £7.38 





4 artificial pollination) 





P T H P T H P T H 
0.50 025 0.25 0.19 0.33 0.46 0.20 ~ 0.80 
23221 3164 58 31S 46 
238433 143421 ~ 
25529 $13 4 49+ 408 + $4 
42.2418 35.6441 44.3429 
44.142.3 23.243.4 ~ 
$2.342.3* 45.0 + 2.0+ 46.1 41,7 
56.7 & 4.74 42.7 + 5.48 56.6 £3.64 
$5.7 + 3.9% 42.145,38 
P T P T H P T H 
0.50 0.25 0.25 041 0.13 0.46 0.20 ~ 0.80 
144430 163 & 36 146 22 
144 + 26 1948 _ 
364+ 45¢ 3744477 201 433 
24.2433 18.342.9 27.2433 
23.9430 3542.4 mme 
43.1 +2.34 42.9 &3.3+ 34,7 + 2.6* 
49.14 4,1§ 46.4% 4,98 49.429,9§ 
45.845,18 44,524.98 ~ 











jue ney of each-morph and the size of the population. 


lity data-of pin {P}, thrum (T) and homostyle (H) plants at seven sites, three of which (the 0%, 10% and 80% homostyles sites) were studied in 1982 and 1983. 
both seasons it was com#ffon for homostyles to produce more seeds per capsule than pins and thrums, though only in the second season was it common for homostyle 
ants to produce more seéds than pin and thrum plants (homostyles produced significantly more seeds per capsule/ plant than pins and thrums: * P< 0.05, + P < 0.01). In 
but tyo sites (0% and 10% homostyte sites in 1982) the differences in fertility observed were attributable to compatible pollen load size (compatibly pollinated pin and 
rum plants produced more seeds per capsule than naturally pollinated ones: ¢ P< 0.05, § P< 0.01). Sample sizes for each morph varied from 15 to 50, depending on the 





‘thrum and homostyle plants, whereas thrum-type pollen on 
a homostyle stigmas represents both intraplant (selfing) and inter- 
“plant (outcrossing) pollen. The pin pollen may bè disregarded 

asit is incompatible. The selfing component of pollen load on 

homostyle stigmas can thus be obtained by subtracting the mean 
thrum-type pollen load on pin stigmas from the mean for homo- 
styles. Such an experiment was performed on a population at 

Wanstrow, which has pin, thrum and homostyles in frequencies 

of 0.45, 0.45 and 0.10 respectively, so that pin- and thrum-type 

stigmas and anthers are approximately equally frequent. Stigmas 
from 30 pin and 20 homostyle flowers were collected from 
separate plants at the height of the 1982 flowering season. They 
were fixed in a 1:1 mixture of absolute ethanol and glacial acetic 
acid, after which they were acetolysed'® individually, and the 
number of thrum-type pollen grains counted for each stigma. 

The mean number of thrum-type pollen grains per stigma was 

33+ 18.5 for pin and 1,217 + 198.0 for homostyle. The estimate 
_ for pin stigmas agrees closely with that obtained by Cahalan 
=.. (in preparation) for a North Wales population, and by Ornduff!” 

for an English population. The mean number of self-produced 
¿pollen grains on homostyle stigmas is thus 1,184+ 190, represent- 
ing 97% of the compatible pollen load. The high selfing rate of 
the homostyles is therefore not surprising. 

-The higher compatible pollen load on the homostyle stigmas, 
compared with pins, suggests that the homostyle plants might 
well have higher seed fertilities than the self-incompatible 
morphs, unless seed production is strictly resource-limited'® in 
these populations. This was tested in both the 1982 and 1983 
flowering seasons in several Somerset populations (see Table 
1}. A large sample of plants from each population was followed 
throughout the flowering season in each year, The number of 
capsules that set seed and survived predation was recorded for 
each plant. At the end of the season (late May/early June), 
several capsules were collected from each plant, and the numbers 

¿& Of seeds per capsule were counted. Combining this with the 
information on the numbers of fruiting capsules per plant, the 
total seed output for each plant can be estimated, and the mean 
seed output per plant calculated for each morph (Table 1). In 

1982, homostyles produced more seed per plant than the other 

two morphs in each population, although the differences were 

not always significant. In the 1983 season, homostyles produced 
significantly more seed at all but one site, where the pins (thrums 
were absent) produced 50% more flowers than the homostyles. 

It could be argued that the superior seed production of the 
homostyles is due to the expected reallocation of resources from 
male to female reproduction in a highly selfing form®!®”*, rather 
than to their higher compatible pollen loads. To test this 
hypothesis, one flower of each pin and thrum plant studied was 
pollinated with compatible pollen by hand at each site in both 
seasons. At the end of the season, the numbers of seeds per 

{... capsule were determined. As shown in Table 1, there is usually 

a. large increase in the number of seeds per capsule of the 
- hand-pollinated pin and thrum plants, making them as fertile 
as the homostyle capsules. This strongly supports the hypothesis 

that the lower seed fertilities of pin and thrum are due to lower 

‘compatible pollen loads. In 1982, there were two sites where 

hand pollination failed to increase seed set, suggesting that 

pollinator activity varies from place to place in some years at 
least. But in 1983, hand pollination always increased seed set 
significantly; this is correlated with very wet weather during the 
flowering season (information provided by Wessex Water 

Authority), which presumably reduced pollinator activity. Fur- 

ther evidence against the resource allocation hypothesis comes 

from two sources. First, measurements of male and female 
investment in ovules and pollen do not differ significantly 
between the three morphs (unpublished results), Second, the 

„~ amount of compatible pollen on pin stigmas is insufficient to 

os fertilize all the ovules, of which there are 50-60 (ref. 17). 

» We conclude that increased seed set of the homostyle morph, 
compared with the self-incompatible pin and thrum morphs, is 
due to its high rate of self-fertilization, which may be attributed 
to efficient it'self-pollination caused by the homostyle floral struc- 












































ture. This higher relative fertility of the homostyle morph 
account, at least in part, for its spread in Somerset popul 
of P. vulgaris. Although a paucity of pollinators may no 
responsible for the increase of homostyles in this casi 
fertility data, particularly those for the wetter 1983 seaso: 
indicate how this factor may be relevant to the evoluti 
self-compatibility in habitats where conditions are inhosp 
to pollinators'***, The fluctuations observed in the relati 
fertilities of the morphs between 1982 and 1983 show that o 

long-term studies of fitness components can provide conclusi 
evidence about the net direction of selection, and the reaso 
for the establishment of homostyles in such a small area. 
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neuronal connections in newborn rats- 
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Immature rat brain tissue grafted to the brain of other immatu 
and adult rats can survive and establish nerve connections 
the host brains’~*, In addition to facilitating the study of facto 
involved in the formation of central neural connections, 
grafts may also be used to substitute damaged or maldevelop 
neurones '°, With exceptions in the visual system”, the resto! 
of specific central neural connections has to date involved gra 
of cholinergic and monoaminergic neurones, which have g 
regenerative capacity’. In the present study, rat hippoc 
neurones were damaged by neonatal X-ray irradiation and repla 
by transplantation of normal, developing neurones of thes 
type. The grafted neurones (dentate granule cells) are not choli 
gic or monoaminergic, but when appropriately located in the h 
hippocampal region they established specific and highly order 
afferent and efferent connections with the damaged host bra 
Moreover, simultaneous demonstration of afferent and effe 
transplant pathways showed that serial host-transplant—host co 
nections had formed, restoring the normal neuronal circui 
initially disrupted by the irradiation. . 

The granule cells of the dentate gyrus assume a key positic 
in the neuronal circuitry of the hippocampal region. Theirden- 
drites receive in a precisely laminated fashion three m 
extrinsic inputs: the lateral and medial perforant pathways fro 
the entorhinal cortex''~"? and the mixe A a 
ational projection from the dentate hilus'*'> (Fig. fa,b). Th 
granule cell axons, or mossy fibres, in turn terminate’ in the 
dentate hilus and in a distinct band along the hippocampal CA3 
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Fig. 1 Neuronal connections of rat 
dentate gyrus shown schematically (a) 
and by the histochemical Timm method 
(b). Lateral (1 pp) and medial (mpp) per- 
forant pathways from the entorhinal cor- 
tex terminate separately along the distal 
parts of the granule cell dendrites with 
commissural (c) and associational (a) 
projections overlapping on the proximal | 
dendrites. The granule cell axons, or | 
mossy fibres (mf), project to the dentate | 
hilus (h) and in a narrow band along the | 
hippocampal CA3 pyramidal cell layer \ 
(p). They do not enter CA1. b, c, Timm- | 
stained section from adult rat X-irradi- 
ated at birth. The reduction of dentate 
granule cells has resulted in subnormal 
numbers of mossy fibres (mf in b) and 
aberrant perforant path projections to 
CA3 (asterisk). x23. 


Fig.2 a, Dentate transplant (Tr) encroaching on the irradiated 

host dentate gyrus. The granule cell (g) and molecular (m) layers 

ofthe two have fused (arrow at transition). Donor, normal newborn 

(PO); recipient, X-irradiated newborn; survival 3$ months. Thion- 

ine cell staining. b, Adjacent Timm-stained section showing con- 

tinuity between host and transplant of the laminar perforant path 
and commissural-associational terminal fields. x 26 


pyramidal cell layer'®'’, as demonstrated by the Timm silver- 


sulphide method’? which also shows the afferent terminal zones 
in the dentate molecular layer’? (Fig. 1b). More than 80% of 
the rat dentate granule cells form after birth, when all other 
hippocampal and entorhinal neurones are present”. Postnatal 
X-irradiation can therefore almost selectively reduce the granule 
cell population to about 15% of normal”. In these conditions 
granule cell afferents, now in ‘excess’, form aberrant but 
‘appropriately’ laminated projections to the CA3 pyramidal 
cells, while the mossy fibre projection is severely reduced” (Fig. 
Ic). The situation after neonatal X-ray irradiation in many 
respects mimics naturally occurring maldevelopments or early 
degenerative diseases. With this in mind we wished to examine 
whether the damaged dentate granule cells could be substituted 
by transplanted normal ones. 

Rat pups were X-irradiated bilaterally (600 rad) over the 
hippocampal region on the day of birth”’, after which normal 
dentate tissue from other newborn rats was grafted into the 
hippocampal region on one side*. After 33-5 months survival 
the animals were killed and parallel series of brain sections 
processed with the Timm method for the demonstration of mossy 
fibre terminals and terminal fields in the dentate molecular 
layer’’, acetylcholine esterase staining for cholinergic projec- 
tions” and thionine cell staining. Most animals in addition 
received entorhinal or contralateral hippocampal lesions before 
death, in order to trace host connections into the transplants by 
axonal degeneration methods. 

Specific laminar innervation of dentate transplants by host 
perforant path and commissural fibres were observed when the 
transplants encroached on and fused with the irradiated host 
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Fig. 3 Dentate transplants receiving specific, laminar host projec- 
tions demonstrated in dark field after silver staining of anterograde 
degeneration. a, Laminar terminations of host commissural (c) and 
lateral perforant path (lpp) projections spaced around untraced 
medial perforant path in transplant molecular layer. b, Laminar 
termination of host lateral and medial perforant pathways (pp) in 
outer parts of transplant molecular layer. In both cases: donor, 
newborn rat; recipient, X-irradiated newborn rat; survival 4 
months. Broken line, superficial border of the granule cell layer 
(g). x108. 


dentate gyrus (Figs 2a, 3a). Appropriately-terminating host 
perforant path afferents were also traced into transplants located 
along the route of this pathway (Fig. 3b), but no commissural 
input was traced to these transplants, presumably because of 
the distance to the normal commissural trajectory. 

From dentate transplants that encroached on the host CA3 
region, Timm-stained mossy fibre terminals passed into the 
adjacent host mossy fibre layer (Fig. 4). The almost normal 
amounts of terminals here were in marked contrast to the X-ray- 
induced paucity of terminals some levels away on the same side 
and on the entire contralateral non-transplanted side which 
served as control (compare Fig. 4a and b). Although arriving 
from abnormal directions, most transplant-related terminals 
were confined to the normal mossy fibre zone along the apical 
part of the CA3 pyramidal cell layer (Fig. 4a). Within this zone 
the terminals were primarily distributed in the normal direction 
towards the host CA1 area, and like normal mossy fibres they 
stopped at the CA3-CA1 transition. 

In 4 of 38 animals studied there were specific hosts-transplant- 
host connections with host perforant path and commissural 
projections to dentate transplants which in turn sent mossy fibres 
to the host CA3. The transplants were in these cases situated 
immediately next to or in the irradiated host dentate gyrus, 
stressing the importance of transplant location for appropriate 
exchange of connections. 

‘Misplacement’ of transplants could result in the formation 
of abnormal serial connections. The transplant, shown in Fig. 
4a to send mossy fibres to the host CA3, thus received afferents 
from the contralateral hippocampus with an abnormal termina- 
tion within its molecular layer. Previous studies have shown that 





Fig. 4 Transplanted (a) and control side (b) of irradiated rat, 
with ingrowth of Timm-stained mossy fibres (mf) from dentate 
transplant (Tr) into the specific target zone of the host CA3. The 
transplant received correct septal but non-specific commissural 
host afferents in its molecular layer (m). Donor, newborn rat; 
recipient, X-irradiated newborn rat; survival 4 months. x23. 


these afferents are likely to originate from parts of the hippocam- 
pus not normally projecting to the dentate gyrus’. 

For the ingrowth of host cholinergic fibres, the site of the 
transplant was less critical, as judged by the presence of 
acetylcholine esterase staining in all transplants. Through this 
ingrowth, serial septal-dentate-hippocampal connections were 
formed in all transplants, sending mossy fibres into the host CA3. 

The demonstration of specific and topographically organized 
host-transplant interconnnections is new for hippocampal trans- 
plants and almost unique for non-cholinergic and non- 
monoaminergic systems. It raises not only important reparative, 
but also developmental considerations. At the time of X-irradi- 
ation and transplantation, few fibres of the extrinsic and intrinsic 
hippoca re ae fibre systems have reached their terminal 
areas'***?°_ The normal laminar segregation of host perforant 
path and commissural-associational afferents in the transplant 
molecular layer accordingly developed after transplantation, 
and most probably later than normal, allowing for the transplan- 
ted tissue to become incorporated in the host brain. Precise 
timing? may thus not be critical for a proper segregation of 
afferents within the dentate gyrus. Transplant mossy fibres to 
the host were undoubtedly similarly delayed in growth, but they 
also formed appropriate connections, even when they entered 
along unusual routes related to the position of the transplant. 
This specificity in termination is in contrast to previous reports 
where dentate transplants were getom within the CAI region 
of developing” and adult rats? 

The present study gives the first demonstration that an irradi- 
ation-induced loss of nerve cells in the developing rat brain can 
at least in part be replaced by the transplantation of normal 
immature neurones of the same type. Future studies will examine 
whether the structural repair of the damaged neuronal circuitry 
may also result in functional co mpensation of behavioural 
deficits observed after X-irradiation”. Additionally, we are cur- 
rently examining the effects of delaying the transplantation 
relative to the time of X-irradiation. 

This study was supported by Danish MRC grants 12-3414 
and 12-3535. 
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Johnson et al. have recently shown that several positively charged, 
membrane-permeant fluorescent dyes can serve as vital stains for 
mitochondria in cultured cells™? (see also ref. 3). We report here 
that presynaptic nerve terminals, which are characteristically rich 
in mitochondria**, can also be vitally stained with such dyes, and 
that this staining offers a resolution of structural detail not avail- 
able with previous methods for visualizing terminals in living 
tissues. The dyes have provided excellent, highly detailed fluores- 
cence images of presynaptic motor nerve terminals at neuromus- 
cular junctions in conventional live tissue preparations from mouse, 
frog and Drosophila. In addition, when tested at the frog neuromus- 
cular junction, at least one of the dyes permitted visualization of — 
terminals with little, if any, effect on synaptic transmission. — 
Moreover, we have found that by using the dyes it is now also 
possible to see motor nerve terminals in situ in live animals. 
Figures | and 2 show examples of endplates i in living, isolated 
preparations of skeletal muscles from frog® and mouse’ stained 
with the dye 3,3’-diethyloxadicarbocyanine iodide [DiO0C,(5)}. 
The presynaptic nerve terminals appear brightly fluorescent and 
sharply defined against background muscle fibres, which 
also labelled. The appearance of the label in muscle fibres vari 
with the source of the preparation. In frog muscles, the fluores- 
cence, presumably in mitochondria, appeared as long filaments 
parallel to the fibre axis, as coarse grains, or sometimes as bow 
tie-shaped particles. Fluorescence intensity was often correlated — 
with the sarcomere pattern visible with bright-field optics, and i 
in mouse muscle fibres this variation was the predominant 
feature, with particles being less evident. Generally, little or no | 
fluorescence was seen in other structures such as the preterminal — 
nerve, myelin, blood vessels, red blood cells or connective tissue. a 
The fidelity of nerve terminal labelling was assessed by com- 
paring photomicrographs of living endplates stained with © 
DiOC,(5) with the same endplates after fixation and staining | 
by the zinc iodide-osmium (ZIO) procedure, which selectively _ 
blackens nerve terminals“. The correspondence of terminal 
morphology revealed by the two stains was exact to a very fine 3 
level (see Fig. 2). In frog preparations, for example, both stains. i 
revealed identical periodicities occurring along the terminals, 
giving them a striated or beaded appearance (Fig. 2a, a’). Such | 
periodicities have been shown by electron microscopy to be a — 
consequence of crenellations in the téminals produced by J 
finger-like projections of Schwann cell inserted between the 
nerve terminal and muscle‘, and have not previously been visible _ 
in living terminals, viewed for example by differential interfer- 
ence contrast (DIC) optics. The exact agreement between the 














= Fig.l Fluorescence photomicrograph of endplates of living frog 
~ cutaneus pectoris muscle stained with DiOC,(5). Note the variety 
of terminal morphologies and variation of staining patterns among 
muscle fibres. Inset, sketch from the photomicrograph depicting 
only presynaptic terminals (postsynaptic muscle fibres are indi- 
_ cated by dotted cylinders). The preparation (from Rana pipiens) 
= was stained at 22 °C by exposure to 0.5 uM DiOC,(5) (Kodak) in 
pr frog Ringer's solution for 10 min, followed by rinsing with normal 
frog Ringer's. The stain remains in the terminals for >24 h. Fluores- 
cence was photographed with a Leitz Dialux microscope equipped 
with a Ploemopak 2.4 epiilluminator, HBO 50W Hg light source, 
= and M2 filter block (green excitation, red emission). The photo- 
graph was made on Ektachrome ASA 200 daylight film with a Wild 
_ X20 0.6n.a. dry objective, Leitz x10 photoeyepiece, and Wild 
_ x0.32 35 mm camera adapter; exposure time $s. Calibration bar, 
50 pm. 

































_ fluorescence and ZIO patterns in this respect also indicates that 
the fluorescent stain was localized in the terminals themselves 
_ rather than in closely associated Schwann cells. Other details 
visible in nerve terminals stained with DiOC,(5) but only poorly 
_ if at all resolved by DIC optics included short projections and 
_ transverse branchlets from the main shafts of frog terminals (see 
Fig. 1) and, at mouse endplates, vermiform fluorescent elements 
N och appeared to be inside the motor nerve terminals and 
p ich may have been whole, or parts of, mitochondria (see Fig. 
2 ). 
Figure 3 shows examples of living muscle Preparations from 
frog (a), mouse (b) and larval Drosophila? (c) stained with 
another dye, rhodamine 123 (Rh123). In general, muscle fibres 
stained by this dye displayed a diffuse, relatively featureless 
_ fluorescence compared with those stained by DiOC,(5). This 
_ was advantageous in the Drosophila preparation where nerve 
terminals were easily seen after staining with Rh123 (Fig. 3c) 
_ but were less readily visible against the fluorescence of muscle 
fibres after staining with DiOC,(5). 
= In initial experiments with a third dye, 3,3'-dihexyloxacar- 
_bocyanine iodide [DiOC,(3)], closely related to but probably 
_ more permeant than DiOC,(5) (see refs 10,11), the staining of 
“nerve terminals and muscle fibres from frog was similar to that 
obtained with DiOC,(5). However, DiOC,(3) rapidly stained a 
network-like array of cells overlying the muscle and these 
obscured the details of interest in nerve and muscle. Therefore, 
pPIOC, (3) was not examined further. 
= Tests for physiological effects of staining alone, and of sub- 
4 “sequent fluorescence-exciting illumination, were done on frog 
$ muscles and using DiOC,(5). Staining itself had no apparent 
= effect on spontaneous miniature endplate potentials (m.e.p.ps) 
- or on endplate potenflals (e.p.ps) evoked by stimulation of the 
_ motor nerve (Table 1, dye addition experiments), Nerve-evoked 
_ muscle contractions monitored qualitatively by visual inspection 
= were similarly unaffected. Illumination of DiOC,(5)-stained 
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Table 1 DiOC,(5) staining and low-level illumination have no effect 
off intracellularly recorded synaptic potentials in frog cutaneus pectoris 
muscle 





Spontaneous m.e.p.ps Evoked e.p.ps 


Amplitude Frequency* Amplitude 
(mV) (s~') (mV) 
Dye addition 
experiments 
Control 0.46+0.13 1.26+0.12 8.03 + 0.34 
(N =120) (N =20) 
Stained 0.45 +0.13 1.01 +0.10 8.01 +0.23 
(N =96) (N =20) 
Illumination 
experiments 
Control 0.55+0.12 2.73+0.21 11.54 +0.42 
(N =170) (N =30) 
Illuminated 0.57 +0.11 2.53 +0.20 11.22 +0.31 
(N =153) (N =30) 





For amplitude measurements, the mean +s.d. is given. Dye addition 
experiments: effects of staining alone without illumination. Spontaneous 
m.e.p.p. responses were recorded from a single fibre for a period just 
before (control) and after staining. E.p.p. responses were recorded from 
a separate preparation bathed in solution containing 44M 
(+)tubocurarine to reduce e.p.ps below the threshold for muscle excita- 
tion; e.p.ps, produced by continuous stimulation of the nerve at 0.5 Hz, 
were recorded from a single fibre just before (control) and after staining. 
Staining in both cases involved exposure to 0.5 yM DiOC,(5) in Ringer's 
for 5-10 min, followed by rinsing with normal Ringer's. Illumination 
experiments: effects of low-level fluorescence-exciting illumination. 
M.e.p.ps and e.p.ps were measured as in the dye addition experiments 
except that responses were obtained before (control) and during illumi- 
nation of fibres already stained with DiOC,(5); staining as described 
above. Optics were as described in Fig. 2 legend but with a lower 
intensity light source (a 12 V, 100 W tungsten-halogen lamp operated 
at ~9 V). The fluorescence of the nerve terminal was clearly visible 
during illumination. 

* N/total time +s.d. expected (Poisson) for samples of size N. 


endplates at levels sufficient for clear fluorescence visibility of 
terminals also did not detectably alter m.e.p.ps or e.p.ps, pro- 
vided that the illumination was kept to a brief duration or low 
intensity (Table 1, illumination experiments). However, greater 
exposure (for example more than a few seconds with the optics 
and Hg source of Fig. 2) of stained, but not of unstained, 
preparations produced increases in m.e.p.p. frequency that were 
not reversed by darkness. Increase in m.e.p.p. frequency can 
result from an elevation in free Ca?* concentration within nerve 
terminals, and such an elevation could be produced by Ca** 
released from illuminated, dye-sensitized mitochondria (see ref. 
12). Consistent with this notion is the observation that extracel- 
lular Ca?* is not necessary for the effect, that is, increase in 
m.e.p.p. frequency could be obtained by illuminating stained 
preparations bathed either in normal Ringer's or in Ringer’s 
containing 2mM EGTA, 2 mM Mg”*, but no Ca** 

Continued fluorescence-exciting illumination (for example, 
several seconds of illumination as in Fig. 2) also produced 
changes in the fluorescence appearance of stained preparations. 
Initially the visibility of nerve terminals was enhanced, often 
markedly, by a selective increase in their fluorescence intensity. 
Eventually, there was a slow fading of all fluorescence. The 
enhancement of terminal fluorescence occurred more rapidly 
with stronger illumination, could be sharply localized (within 
a few um) to one part of a terminal by focal illumination, and 
sometimes clearly revealed terminals that were only barely or 
not at all visible on first inspection. A dramatic change often 
seen during illumination of frog muscle fibres stained with 
DiOC,(5) was the induction of a series of fluorescence intensity 
fluctuations (‘twinkle’) in the subcellular elements (mitochon- 
dria?) within fibres. Individual elements, sometimes initially 
invisible, would brighten, undergo a series of fluctuations (perio- 
dicity on the order of a second), and then disappear. The effect 
was restricted to long-illuminated regions, and it seemed more 
easily elicited in areas bordering previously illuminated ones. 
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Fig.2 Fluorescence photomicrographs of endplate areas in living 
frog cutaneus pectoris (a) and mouse triangularis sterni (b) muscles 
stained with DiOC,(5), and bright-field photomicrographs of the 
same areas after fixing and staining with ZIO (a', b'). Precise 
alignment of the images was precluded by tissue distortion during 
the ZIO processing, but the detailed branching pattern of presynap- 
tic terminals revealed by the two stains is virtually identical in each 
case. There is also excellent correspondence of the striated or 
beaded appearance of the frog terminal with both stains (a, a’). 
The broad, dark vertical bands in a’ are Z1O-stained nerves out 
of focus. Note the vermiform elements (mitochondria?) visible 
within the mouse nerve terminal in the fluorescence photomicro- 
graph (b); dark, oval shadows in the same photomicrograph prob- 
ably represent muscle nuclei devoid of dye. The preterminal mouse 
axon (entering from the upper right), isolated blobs and the cluster 
of blobs that are not associated with the terminal were stained by 
ZIO (b') but not by the fluorescent dye (b). DiOC,(5) staining 
was as described in Fig. | legend with mammalian Ringer's used 
for the mouse preparation. ZIO staining was as described in ref. 
8. Fluorescence and photographic equipment were as for Fig. | 
except that a Zeiss x40 0.75 n.a. water-immersion objective was 
used, and the film was Tri-X (processed for ASA 600); fluorescence 
exposure 3 s. Calibration bar, 20 ym for all. 


Both the enhancement and twinkling phenomena were observed 
in preparations that had been well rinsed after staining. Thus, 
it seems likely that they reflected changes in aspects of the local 
environment which affect fluorescence (for possible examples 
see refs 13, 14), rather than changes in local dye quantity. 
The fluorescence epiillumination system used in the above in 
vitro experiments also permitted visualization of superficial 
nerve terminals on muscles in intact, live animals. This was 
demonstrated with the frog sartorius muscle. The loose thigh 
skin of an anaesthetized (0.5% tricaine) frog was cut and reflec- 
ted to expose the sartorius muscle which was stained with 0.5 yM 
DiOC,(5) for 10 min and rinsed with normal Ringer's. Bright- 
field epiillumination with crossed polarizing filters was then 
used to trace nerve bundles to areas likely to have superficial 
endplates. Epifluorescence inspection of such areas revealed 
staining of terminals and muscle fibres like that obtained with 
the in vitro preparations. In a toxicity test, a frog which received 
a subcutaneous injection of | ml of 104.M DiOC,(5) (far in 
excess of amounts shown effective for staining by such injection) 
has survived for months without any apparent ill effects. The 
technique may thus be useful for chronic studies in intact 
animals, for example, of synaptic development and turnover. 
Our experiments demonstrate that not only do the fluorescent 
dyes allow living nerve terminals to be viewed with greater 
clarity than previously possible, but they can do so without 
apparent compromise to the physiological integrity of the pre- 
«paration. There are, however, several unresolved issues and 
limitations in the approach: (1) The explanation for the selective 
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Fig. 3 Fluorescence photomicrographs of neuromuscular junc- 
tions in living muscles of frog (a), mouse (b) and larval Drosophila 
(c) stained with Rh123. The longitudinal axis of the underlying 
muscle fibre is horizontal in each case. Only a portion of the frog 
terminal is shown. Note that the Drosophila nerve terminates in a 
series of varicosities or boutons, some with dark centres. The 
preterminal axon is visible for Drosophila, entering from the top 
centre of the photograph. Preparations were stained by exposure 
for 10 min to 26 pM Rh123 (Kodak, laser grade) in the appropriate 
Ringer's followed by thorough rinsing with the same Ringer's. 
Rh123 fluorescence was observable with either the Leitz M2 (as 
in Figs 1, 2) or H2 (blue excitation, green emission) filter blocks. 
Fluorescence and photographic equipment were as described for 
Fig. 2, except that the mouse preparation was photographed with 
filter block H2, others with block M2; the exposures of the frog 
and mouse terminals were similar to those for Figs 1, 2, that of 
the Drosophila terminal was approximately five times longer. 
Calibration bar, 20 um, applies to all. 


staining of nerve terminals remains uncertain. The working 
hypothesis is that it depends on uptake and trapping of the dyes- 
by mitochondria’. However, it remains to be determined 
whether mitochondria are in fact the principal dye- -binding 
elements in terminals, and if they are, which of their properties 
account for the brightness of terminal fluorescence. (2) The 
possibility of long-term or subtle biological effects of the dyes, 
or illumination of them, remains to be explored in these prepar- 
ations. Various effects of such dyes have been described in other 
systems (see reviews in refs 13, 14). These studies, however, 
usually involved higher dye concentrations and illumination 
intensities than described here, and we have found that terminals 
can be readily visualized with further reductions of dye and 
light (to <0.1, each, of the levels indicated in Table 1) by using 
a high-sensitivity video camera. (3) With the epiillumination 
system used here, good visualization was restricted to superficial 
nerve terminals; these are, however, the ones most accessible 
to experimental probing with microelectrodes. (4) Even among 
superficial terminals, we encountered considerable variability 
in fluorescence visibility. The origin and significance of this 
variability is unknown, and although it presents a technical 
inconvenience, it may reflect interesting differences of type or 
physiological state among terminals. 

In addition to their potential applicafjion for staining living 
nerve terminals in vitro and in vivo, other, related uses of the 
dyes warrant consideration. It has been suggested” that staining 
by the dyes might vary with cellular activity, presumably because 
of the effect of energy stress on mitochondria. If this proves 
















































the dyes could provide useful optical markers for active 
ently active) excitable cells og cell parts. The known 
uence of cell membrane potential on the entry of these and 
ar.dyes'®'!-'3-'4 offers an alternative approach to the same 
In addition, as some nerve terminal functions (for example, 
smitter release) can be sensitized to light by the dyes, the 
belling may offer opportunities for focal perturbations of 
cted synaptic activities. 
Preliminary experiments suggest that presynaptic boutons on 
cipal neurones in parasympathetic cardiac ganglia in the 
og: may also be stained by the fluorescent dyes used here. 
$, the utility of the fluorescence approach does not seem to 
confined to neuromuscular synapses. 

is work was supported by USPHS grants N515543 and 
00465 and a USPHS Biomedical Research Support Grant to 
University of Utah. 
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e actions of actin-based microfilaments in cell motility suggest 
ssible role in the mechanism of fast axonal transport’, but 
pharmacological data evaluating their role in this process are 
ivocal**, Moreover, microfilaments are difficult to preserve 
identify in ultrastructural studies’, so the organization and 
ion of axonal actin has remained uncertain. We have now 
ated the role of actin microfilaments in intracellular transport 
membranous organelles using video-enhanced contrast mi- 
opy and gelsolin to analyse fast axonal transport directly in 
ted axoplasm from the squid giant axon. With this preparation 
possible to perfuse axoplasm with large molecules that do 
ross the plasmalemma, while controlling cation levels. The 
molecular weight protein gelsolin depolymerizes actin 
rofilaments in micromolar Ca’*, but not in the absence of 
*. Axonal transport of membranous organelles has previously 
n shown to be unaffected by levels of Ca** up to 10 pM*. In 
resence of EGTA, gelsolin has no effect on the movement of 
branous organelles, but in the presence of 10 uM Ca’* it 
npletely blocks traikport of all membranous organelles. No 
nges in the organization of the axoplasm were detected. These 
sults and results using other probes for actin are consistent with 
ypothesis that actin-based microfilaments are involved in the 
movement of membranous organelles in the axon. 





Fast axonal transport (FAT) can be inhibited in neurones by 
tlt injection of DNase P~ and filamin’, DNase I depolymerizes 
microfilaments by disrupting the F-actin/G-actin equilibrium’, 
whereas filamin inhibits activation of the myosin ATPase’®. 
However, due to difficulties in controlling concentration and 
distribution, the injection of materials into neurones cannot rule 
out the possibility that the role of microfilaments is primarily 
structural and that inhibition of transport is secondary to disrup- 
tion of axoplasmic organization®*. Cytochalasins induce partial 
depolymerization of microfilaments in vitro’, but do not 
inhibit FAT consistently". However, cytochalasins appear to 
require free microfilament ends to function’ ™™ and these may 
not be exposed on axonal microfilaments’*:'*, Phalloidin stabil- 
izes microfilaments and disrupts cellular processes that require 
disassembly of microfilaments", but also fails to inhibit FAT®?6, 

Video-enhanced contrast differential interference contrast 
optics make it possible to detect structures as small as individual 
microtubules'”'* . The full range of membranous organelles can 
be detected in isolated axoplasm from the squid giant axon ®™™, 
using these video microscopic methods, which provide a means 
of directly evaluating the effects of agents on both FAT and 
axoplasmic order in conditions where the microenvironment 
and concentrations of the active agents can be rigorously control- 
led. Axoplasm may be perfused with appropriate buffers without 
inhibiting transport, allowing the use of pharmacological probes 
that would not cross a plasma membrane*'’. The concentrations 
and ionic milieus of these agents may be controlled because 
perfusion is an equilibrium process between known volumes, 
and the effects of the probes and changes in incubation condi- 
tions can then be directly analysed. The entire process of per- 
fusion and incubation is conducted while the axoplasm is under 
observation. 

Gelsolin is present in a wide variety of tissues’, and the 
ability to ‘switch’ gelsolin activity on and off by small changes 
in Ca** concentration makes it a powerful probe for actin 
microfilaments. As FAT in isolated axoplasm is unaffected by 
changes in Ca’* levels? from 5 mM EGTA to 10-100 pM Ca**, 
any effect of gelsolin on the movement of membranous 
organelles in the presence of Ca?* that is not found in the 





Table 1 Effect of gelsolin and DNase I on the movement of mem- 


branous organelles in isolated axoplasm 





Movement of 
particles in 


Movement of 
particles in 


FAT after FAT after 
Conditions 30 min Conditions 30 min 
Control +++ 10 pm CaCl, +++ 
in buffer X 
I mM EGTA +++ Gelsolin + 0 
in buffer X 10 aM CaCl, 
in buffer X 
Gelsolin + ++ 10 mg mI"! ~- 
I mM EGTA DNase I in 
in buffer X buffer X 





Isolated axoplasm from squid giant axons was prepared as described 
previously*'? sandwiched between two coverslips with proximal and 
distal ends left unsealed to permit perfusion. Preparations were 
examined for FAT activity and FAT recorded for 10 min or more before 
perfusion to serve as a basis for comparison. 20-25 ul of buffer X 
(350 mM potassium aspartate, 130 mM taurine, 70 mM betaine, 50 mM 
glycine, 12.9 mM MgCl, 20 mM HEPES, 5 mM potassium EGTA, | mM 
glucose, | mM potassium ATP, pH adjusted to 7.2 with KOH) modified 
as described below and in the text was perfused into the proximal end 
and $ pl drawn from the distal end to ensure filling of the incubation 
chamber. Video records of 5-min segments were made at 10, 20 and 
30 min to document changes in FAT. Only effects noted within 30 min 
were scored. Video records were then evaluated for the amount of 
material moving in FAT and overall changes in the appearance of the 
axoplasm. +++, Not distinguishable from control experiments in similar 
perfusion conditions in either amount or velocity of particle movement; 
0, no movements identifiable as FAT; ~~, severe disruption of both’ 
FAT and organization of the axoplasm. 
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absence of Ca?* should be due to the effect of gelsolin on 
axoplasmic microfilaments. ° 

Rabbit macrophage gelsolin was purified (Fig. 1) by methods 
described previously?™??. For perfusion of the axoplasm, gel- 
solin was diluted in either EGTA buffer X (see Table | legend 
for composition) or 10 yM Ca** buffer X (buffer X except with 


~ 





pl 


Fig. 1 One- and two-dimensional gel electrophoresis of the gel- 
solin samples used in these studies. Samples of the purified rabbit 
macrophage gelsolin were analysed in both discontinuous SDS- 
polyacrylamide gel electrophoresis (PAGE) modified slightly from 
the method of Laemmli** and two-dimensional PAGE as modified 
from O'Farrell?*, to demonstrate purity and to estimate concentra- 
tions of gelsolin used. Activity against microfilaments in vitro was 
comparable with that reported previously”. The figure shows 
the Serva brilliant blue-stained pattern of the gelsolin used in these 
studies analysed in both SDS-PAGE (large arrow) and two- 
dimensional PAGE (arrowhead). The right-hand side of the gel 
contains molecular weight standards of 14,000, 30,000, 43,000, 
57,000, 68,000, 92,000 and 200,000, respectively. Ampholytes 
(Pharmacia) covering the pH range of 5-7 were used and acidic 
proteins are towards the right. In this gel system, gelsolin runs at 
a molecular weight of 90-92,000 with an isoelectric doublet in the 
pH range 6.1-6.3 (see also ref. 22). Approximately 0.1-0.2 pg of 
gelsolin was perfused into the axoplasm in a typical experiment 
at a concentration of 0.01-0.02 mg ml”. Actin is present in axo- 
plasm at a concentration of 1-1.5 mg pl™' (ref. 13). Perfusion 
chambers were generally arranged so that the incubation volumes 
of buffer were approximately equal to the volume of axoplasm in 
a given preparation. The ratio of actin to gelsolin approaches 100: 1 
in these experiments. 





Fig.2 Effects of gelsolin and 10 uM 
Ca** buffer X on the organization of 
the axoplasm. Stills from the video 
record indicate that the overall 
appearance of axoplasm just after 
perfusion (a) is virtually indistin- 
guishable from that after 30min 
incubation with gelsolin in the pres- 
ence of 10 4M Ca?* (b). Examples 
of the different classes of mem- 
branous organelles are indicated, 
including mitochondria (Mit), 
medium-sized particles that move 
primarily in the retrograde direction 
(m) and small particles that move 
primarily orthograde (s). Linear ele- 
ments are indicated by the double 
arrows. No changes were detected in 
the distribution of either mem- 
branous organelles or the linear 
elements that correspond to 
microtubules, neurofilaments and 
associated materials. At the time the 
photograph in b was taken, there 
was effectively no movement of 
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10 4M CaCl, and no EGTA). Buffer X is modelled after the 
small molecular weight composition of squid axoplasm'*""*. 
Organization of the axoplasm is maintained and FAT continues 
at control levels in buffer X. Gelsolin was equilibrated for 
30-60 min in the appropriate buffer before perfusion to ensure 
that it was in the desired state of activation. 

Isolated axoplasm was prepared as described previously for 
video-enhanced contrast differential interference contrast 
microscopy*!”, a suitable region chosen for observation, and 
FAT recorded for 5-10 min to serve as a baseline for comparison. 
The isolated axoplasm was perfused with 10 pl of the appropri- 
ate gelsolin-buffer X mixture (approximately twice the volume 
of the axoplasm), and preparations were observed continuously 
for at least 30 min after perfusion. Equilibration of a protein 
the size of gelsolin would be expected to be complete within 
10-20 min of perfusion’. No effects on FAT or organization of 
the axoplasm were noted with gelsolin and EGTA-buffer X 
(Table 1). When gelsolin and 10 pM Ca** buffer X were per- 
fused, however, both numbers and velocities of transported 
particles were noticeably inhibited after 20 min. Inhibition of 
particle movement occurred rapidly once begun and was gen- 
erally complete within 5 min of first detectable inhibition. By 
30 min, there was an effectively complete inhibition of transport 
for all sizes of particles. The organization of the axoplasm 
remained essentially normal (Table 1, Fig. 2a, b). In all gelsolin 
experiments, FAT was blocked within 30 min in the presence 
of micromolar Ca?* and was unaffected in the presence of 
EGTA. Consistent with observations obtained by injection*~, 
DNase I (Schwarz-Mann) at a concentration of 5-7 mg ml ‘in 
the axoplasm (considerably in excess of axoplasmic concentra- 
tions of actin, 1.0-1.5 mg mi~’ (ref. 13)) inhibited FAT, but 
induced a concomitant disruption of the linear organization of 
the axoplasm. 

The only documented activity of gelsolin is the break-up of 
actin microfilaments, which is activated by micromolar con- 
centrations of Ca’*. Other activities may be described in the 
future, but the specificity of action for gelsolin, the low levels 
of gelsolin required for an effect, and the correlation of Ca** 
dependence between microfilament depolymerization and inhi- 
bition of FAT all argue that the effect of gelsolin on FAT results 
from an action on axoplasmic microfilaments. The action of 
DNase I is also consistent with this hypothesis. All sizes of 
membranous organelles, including 50-nm vesicles, mitochondria 
and organelles moving both in orthograde and retrograde direc- 


membranous organelles in FAT (see Table 1) and minimal evidence of brownian movements typically seen when the organization of the axoplasm 
is disrupted and membranous particles are freely moving in an aqueous medium. Prolonged incubations with gelsolin and Ca** or treatment with 
high concentrations of DNase I for less than 30 min results in a disorganization of the linear elements and a significant increase in the anfount of 
brownian movements. No translocation of organelles is seen that corresponds to FAT in the control axoplasm after treatment with high concentrations 


of DNase I. 




















ociated mechanism for movement. a he preservation of order 
fter inhibition of FAT by gelsolin argues against an indirect 

iibition produced by disruption of axoplasmic order, although 
isruption of axoplasm by high concentrations of DNase I 

ests that microfilaments may also be involved in maintaining 
organization of axoplasm. The relative preservation of order 
ith gelsolin may be because it does not produce a complete 
of microfilaments, but only shortening of existing microfila- 
nts”. 


?*.dependent inhibition of FAT by gelsolin indicates that 
ctin is involved in the movement of membranous organelles in 
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axonal transport, but more details about the role of related 
pelypeptides, such as myosin, are required before a complete g 
model for the molecular mechanisms of FAT can be proposed. 
Future experiments with the isolated axoplasm preparation will 
be directed towards an understanding of the role of other 
cytoskeletal proteins in the organization of the axoplasm and 
the movement of membranous organelles in axonal transport. 
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irectional cell locomotion is displayed by many cell types both 
vivo and in vitro’. In many instances, persistency and direction- 
ity are imposed by external stimuli such as chemical attractants 
substrate properties”. Some cell types, such as fibroblasts or 
kocytes, are capable of migrating in the absence of known 
muli in a pattern known as persistent random walk’, where the 
irection of movement is maintained for at least one cell diameter 
efore the cell performs a sudden directional change. In many 
iples of persistent motility, microtubules are believed to have 
ey role as elements that stabilize or even determine a cell’s 
rection of movement*"'. If disassembled, persistency is reduced 
impaired'?'*, Despite some reports to the contrary'*"®, these 
| other observations have led to the widely accepted view that 
bules may be the overall organizers of cell geometry, 
rity and motile activity’. Here we report that rapid, directional 
motion of fish epidermal keratocytes is independent of the 
nce of microtubules. Moreover, small cytoplasmic fragments 
ived from the anterior lamella of these cells are capable of 
moting in a pattern indistinguishable from that of intact cells. 
ce these fragments contain no nucleus, microtubules or cen- 
les, the persistency-determining component must be sought in 
1e. other component(s) of the cytoplasm, possibly the motile 
chinery of the lamella itself. 
plants of epidermal tissue from goldfish ( Carassius), Midas 
id and angelfish (Pterophyllum) were obtained by col- 
enase digestion of isolated scales and allowed to attach to 
ass coverslips in the presence of fish Ringer's solution supple- 
ed with 20% amphibian culture medium. Within 5-20 min, 
lament-containing epidermal cells (henceforth called 
ratocytes; see ref. 20) began to emigrate from the explant. 
iese. cells were the predominant cell type in fish epidermis?! ; 
ey stained brightly with antibodies against prekeratin- in 
Imunofluorescence: microscopy and showed prominent 
iles of 8-10-nm filaments by electron microscopy, and were 
us asily identified. Migration of these cells was characterized 
arious unusual features. Locomoting cells extend a broad, 
exceedingly flat and virtually featureless lamellipodium at the 


cell anterior, measuring approximately 15x40 um and 0.1- 
0.3 pm thick. All major cell organelles, including the nucleus 
and the bulk of the membrane-bounded organelles, are con- 
tained in the large, bulbous cell body located at the cell posterior 
(Fig. 1). Thus, locomoting cells have a characteristic canoe 
shape” also known from amphibian epidermal cells?>-?5, and 
they move forward in the direction of their smallest diameter. 
Only locomoting ceils have this appearance: stationary cells are 
rounded (pancake-shaped) or multipolar. These cells move 
exceedingly rapidly, averaging 0.5yms7' and occasionally 
reaching over | ums~'. They are thus among the fastest-moving 
eukaryotic ceils known. 

As demonstrated by immunofluorescence and electron mi- 
croscopy, neither keratin-type intermediate filaments nor micro- 
tubules extend into the lamella in moving cells, but instead are 
contained in the cell body, along with the centrosome. Micro- 
tubules are wrapped around the nucleus (Fig. 1). Within the 
lamella, actin filaments form a delicate criss-cross pattern as 
seen by labelling with rhodamine-phalloidin (Fig. 1). In some 
cells small phalloidin-labelled fibres that correspond to small 
filament bundles extend parallel to the long axis of the cell 
within the cell body. Extensive filament cables or stress fibres 
and a ‘tail’ characteristic of fibroblastic cells are absent, as are 
ruffles, microspikes or filopodia. Thus, the contractile machinery 
of epidermal keratocytes is much less complex than that of, for 
example, fibroblasts, possibly being reduced to the most essential / 
components, 
een rere epee 
Table 1 Persistency and speed of locomotion of intact keratocytes and 
lamellar fragments in the presence and absence of microtubule inhibitors 
etn en erent 


Persistency factor 
Untreated cells Treated cells 
1.130.10 (n = 10) LILtO.LL (n= 11) 
1.18+0.12 (n = 15) 1.164 0.08 (n = 7) 


Speed (um min™!)} 
Untreated cells Treated cells 


Intact cells 
Fragments 


Intact cells 35.1413 34.248 
(range 20-63; n = 16) (range 21~50; n= 12)* 
Fragments 22.449 23.347 


(range 17~42; n= 14) (range 18-39; n=7)+ 

The persistency factor is defined as: distance travelled/ straight-line 
distance between the starting point and the end point of interval. This A 
factor is a measure of the ‘wavyness’ of cell movement. Drug treatment 
was for 45 minat 0°C with 4 ug mi~’ nocodazote or colcemid, followed 
by 30 min at room temperature in the presence of the drug. 

* P> 80%; + P> 70%. 
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Fig. 1 Phase contrast (a) and fluorescence micrographs (b, c) of 
a locomoting Midas keratocyte in culture. The cell was fixed for 
10 min with 1% glutaraldehyde in PHEM buffer? supplemented 
with 0.1% Triton X-100, treated with borohydrate*’ for 5 min, and 
processed for double-label immunofluorescence microscopy with 
rhodamine-phalloidin*™’ and an antibody against tubulin. Experi- 
ments in which cells were fixed first and then permeabilized with 
detergent yielded essentially the same results. Note the delicate 
criss-cross actin weave in the lamella (b) and the total absence of 
microtubules from the lamellar cytoplasm (c). Instead, micro- 
tubules are wrapped around the nuclear area as can be seen by 
focusing through the bulbous cell body. Scale bar, 10 pm. 


In their attempt to break loose from a fresh explant, 
keratocytes at the periphery of a cell cluster extend lamellae 
over the free substratum. These lamellae may elongate and 
finally detach or pinch off, while the cell body is still held within 
the cluster; thus, a motile lamellar fragment is formed. Alterna- 
tively, fragments may be generated by cutting off lamellae with 
fine glass microcapillaries. Many of these lamellar fragments, 
which constitute between 4 and 10% of the total cell volume, 
continue to move in a pattern and with a degree of persistency 
indistinguishable from intact cells. A simple criterion to deter- 
mine persistency is to compute a ‘persistency factor’ by dividing 
the total path length travelled by the net distance achieved 
during a 10-min time interval (corresponding to about 200- 


300 um or at least 15 cell diameters). The persistency factor of 


both intact cells and fragments does not exceed 1.20 (Table 1), 
indicating that there is <20% deviation from the shortest poss- 
ible route (a straight line between the beginning and the end 


Fig. 2 The movement of one lamellar fragment and one intact 
cell was followed in a Zeiss IM 35 inverted microscope using a 
x25 objective over 14min; 35-mm phase contrast micrographs 
were taken every minute. After 14 min, the cells were fixed and 
processed for double-label fluorescence microscopy. a, Pathway 
of the fragment (left) and the intact cell (right). Numbers are 
minutes; scale bar, 100 xm. b, Phase contrast; c, rhodamine-phal- 
loidin: and d, anti-tubulin fluorescence micrographs of the frag- 
ment and the intact cell. Note the absence of microtubules from 
the fragment, while the intact cell displays the characteristic cir- 
cumnuclear microtubule array. 


point of movement). The differences in the persistency factors 
are not statistically significant (P aok ). Further, interseg- 
mental angle measurements show that the pathways of cells or 
fragments after 8 min do not deviate more than about 29° from 
that chosen during the initial 2-min period. Thus, both cells and 
fragments are far more persistent in their locomotion than are 
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Fig. 3 Tracking of the locomotion of a small fragment (a) and 
corresponding phase contrast micrographs of the living fragment 
(b-f). An intact cell approaches the fragment from behind (b) 
and collides with it (c), as a consequence of which both the 
fragment and the cell change their course (d). The fragment was 
tracked for another I@min and then fixed (g). The rhodamine- 
phalloidin label of th® fixed fragment is shown in g at the same 
magnification as the phase contrast micrographs (b-f). The phase 
contrast micrograph of the fixed fragment (h) and the anti-tubulin 
staining (i) are shown at a higher magnification. No microtubules 
are present. Scale bar in a, 50 um. 
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cultured fibroblasts, which frequently and abruptly change 
dfrection within 1-2 cell diameters’. On the average, fragments 
move slightly more slowly than intact cells (Table 1). 

We have followed the movement of several fragments for a 
time period of at least 10 min (corresponding to a distance 
travelled of ~200 um) and have then processed these fragments 
for immunofliuorescence microscopy with rhodamine—phal- 
loidin and anti-tubulin to determine the presence and organiz- 
ation of actin filaments and microtubules. Figures 2 and 3 give 
two examples. The first (Fig. 2) shows the course of a small 
fragment (14 x 18 um) recorded over 14 min and then fixed. This 
fragment, like 7 out of 11 studied in this way, did not contain 
a single piece of microtubule, while neighbouring intact cells 
display the characteristic circumnuclear microtubule whorls. 
The second (Fig. 3) is engaged in a collision with an intact cell, 
which it avoids successfully by changing its pathway. It, too, 
contains no microtubules. Four of the fragments did contain 
one to five short microtubule segments a few micrometres in 
length; one example is shown in Fig. 4, demonstrating that 
microtubule fragments are easily identified if they are there. The 
absence of microtubules was confirmed in six other fragments 
processed for either serial section electron microscopy or 
wholemount stereo high-voltage electron microscopy (data not 
shown). None of a total of over 20 fragments studied by either 
immunofluorescence microscopy using anti-tubulin or anti- 
centrosome antibodies or electron microscopy, contained cen- 
trioles. 

Microtubule pieces within lamellar fragments are probably 
adventitiously entrapped in the process of fragment formation 
and are not required for persistent movement. Depolymerization 
of microtubules by cold treatment in the presence of nocodazole 
or colcemid (followed by rewarming in the presence of the 
drugs) does not change persistency or velocity of fragment 
locomotion in any fragment studied; the same is true for 
nocodazole- or colcemid-treated intact keratocytes (Table 1). 
We have followed the movement of several cells treated in this 
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Fig. 4 Phase contrast (a) and anti-tubulin fluorescence micro- 
graph (b) of a fragment that was locomoting before fixation. This 
fragment contains a single microtubule forming a loop. 





„way and have processed them for immunofluorescence micro- 


copy. Inhibitor-treated intact cells as well as fragments, whic 


do’ hot possess microtubules, have precisely the same mor- 


phology and overall appearance as their untreated counterparts 
and exhibit the same behavioural repertoires. 

` -This study provides evidence for persistent, directional migra- 
tion in the absence of microtubules of both intact epidermal 
keratocytes and cytoplasmic fragments derived from the anterior 
lamella. Thus, microtubules are not required to choose and 
maintain the direction of movement, nor are they essential to 
organize the cytoplasm for motility. Cell fragments of various 
size that display some form of motile or contractile activity have 
been experimentally induced previously in a variety of cell 
types? ™!, Of these, the ‘microplasts’ of human skin fibroblasts 
generated by Albrecht-Buehler®° are among the smallest, equal 
in size to those described here for epidermal cell lamellae. 
Fibroblast fragments repeatedly display the same type of stereo- 
typic behaviour, such as ruffling or blebbing, without translocat- 
ing. If these microplasts are the smallest units of general motile 
activity that cytoplasm is able to express, as suggested by 
Albrecht-Buehler*’, then epidermal lamellar fragments are the 
smallest units of cytoplasm capable of persistent translocative 
behaviour. They, too, go through repeated cycles of motile 
activity, but in this case the activities are spatially and temporally 
coordinated. in such a way that persistent, smooth crawling 
results. Several conclusions can be drawn from this observation. 
The force for movement of epidermal cells is generated and 
regulated locally, in the lamella. The cells possess an 
autonomous ‘front wheel drive’ that steers the cell without 
support or input from framework components of the cell body. 
The events leading to locomotion are, in principle, independent 
of external stimuli so that, when left alone, cells and fragments 
move with a high degree of persistency; they seem to have a 
‘molecular autopilot’. On the other hand, their pathways can be 


influenced from outside, as evidenced by the behaviour of con- 


tact inhibition after. collision. 


<" Our observations draw: attention to epidermal lamellae as 


excellent model systems in which basic mechanisms of cell 
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extension can be studied. Lamellae may represent the essential 
motile machinery which, in many cell types, is obscured and 
complicated by epiphenomena such as ruffling, stress fibres, 
adhesion plaques, cytoplasmic flow or filopodia; in epidermal 
cells this machinery seems to be expressed in its purest form. 
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Homozygous (di/di) Brattleboro rats have normal hypothalam’ 
levels of oxytocin and neurophysin I, but undetectable level: 
neurophysin I and arginine-vasopressin (AVP)'. This defect h 
been presumed to be at the genomic or transcriptional level, 
AVP messenger is reported to be drastically reduced, if not absen 
from the hypothalamus of Brattleboro rats”. Recent studies sugg 
de novo production of various neuropeptides in the mammalian 
gonad*’, including AVP’. We report here the detection a 
localization of immunoreactive (ir) AVP in the luteal cells of a 
homozygous Brattleboro rats, and the modulation of this ovari 
ir-AVP by gonadotropins. These findings are thus consistent wi 
a tissue-specific defect of AVP expression in the magnocellular 
neurones of the Brattleboro rat, and suggest that a comparable 
defect does not occur in the ovaries of such animals. ; 

Hypothalami (HT), neurointermediate lobes (N-IL) -a 
ovaries from adult homozygous (di/di) Brattleboro rats (2 
220 g) and Long-Evans (LE/ LE) rats (200-230 g) were ext 
ted as described in Fig. | legend. The content of AVP- 
immunoreactivity was determined by radioimmunoassay usin 
a rabbit antiserum recognizing part or all of the hexapeptide’ 
synthetic AVP (4-9) (antiserum R151)*°; sensitivity of the A’ 
assay was routinely 0.5 pg per tube. Serial dilutions of th 
ovarian extracts from adult di/di and LE/ LE rats showed goo 
parallelism with standard curves of synthetic peptides int 
radioimmunoassay system (data not shown); parallel displace 
ment was similarly obtained at higher dilution for extracts 
hypothalamus (HT; 1: 100) and neurointermediate lobe (N 
1:1,000) prepared from LE/LE rats. 

The tissue extracts were initially characterized by Sephad 
G-50 chromatography (Fig. 1). The gel profiles of ovarian ir-A\ 
from both adult di/di and LE/ LE rats showed a single dist 
peak eluting in the same position as synthetic AVP (1-9) 
similarly, HT and N-IL extracts of LE/LE rats revealed ` 
identical profile of immunoreactivity on chromatography.’ Ni 
AVP-like immunoreactivity was detected in any of the eluat 
fractions when HT and N-IL extracts from di/di rats wer 
chromatographed in identical conditions. In addition, ovari 
extracts from adult di/di rats were subjected to reverse-phas 
HPLC (Fig. 2). A broad band of AVP-like immunoreactivi 
was found, quite distinct from the bulk j S protein, as deter: 
mined by absorbance at 215nm; the cRar peak of ir-AVP. 
however, co-eluted with authentic, synthetic AVP. Standar 
oxytocin (Cambridge Research Biochemicals) eluted asa dis 
tinct peak, three fractions later. and coincident with the first ver 
minor peak in the vasopressin standard after the major peak. 
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g. 1 = Chromatographic profiles of immunoreactive vasopressin 
AVP), from hypothalamus (A), neurointermediate lobe (©) and 
rian extracts (O) of Long-Evans rats and ovarian extracts (@) 
homozygous Brattleboro (di/di) rats. Hypothalamus (x1), 
itary (x1) and pooled ovaries (x12) were collected in 5 ml of 
MHCI at 4°C. Extracts were then prepared by boiling for 
‘min, cooling on ice and homogenizing with a Polytron (Brink- 
ann Instruments, speed setting 3, 2x3-s bursts). Homogenates 
re centrifuged (10,000g, Sorvall RC-5, DuPont) for 20 min at 
2: The supernatant was removed, lyophilized and reconstituted 
i ml of 1% formic acid, and a3-mli sample applied to a Sephadex 
50 fine column (1.954 cm), equilibrated and eluted at room 
iperature with 1% formic acid containing bovine serum albumin 
tg ml~'). Fractions (2 ml) were collected, lyophilized, recon- 
uted in I ml assay buffer and assayed with AVP antiserum 
1). The column was calibrated with blue dextran (void volume, 
, purified human 8-lipotropin (8-LPH, gift of Dr P. Lowry), 
thetic human B-endorphin (1-31) (B-EP, Peninsula) and syn- 
tic arginine vasopressin (AVP (1-9); Ferring). For radioim- 
assay, '*"I-vasopressin tracer was prepared by iodination of 
hetic AVP (1-9) by a modified chloramine-T method, '1-AVP 
‘collected from an Amberlite IRA-400 anion exchange column, 
lowed by Sephadex G-25 chromatographic purification. Rabbit 
erum raised against synthetic AVP (1-9) is specific for the 
apeptide AVP (4-9), and thus recognizes on an equimolar basis 
amino-8-[D-arginine]vasopressin and 1-deamino-8-[p- 
nine]vasotocin, but cross-reacts < 10% with lysine-vasopressin; 
does not recognize oxytocin, angiotensin I, angiotensin I, Met- 
kephalin or Leu-enkephalin. Details of the assays have been 
cribed previously*”. Ir-AVP was not detectable from fractions 
IL or HT extracts prepared from the Brattleboro rats. The 
haded area represents detection limit (0.5 pg per tube). 




































Although the chemical identity of the ir-AVP peaks found in 
varian extracts of di/di and LE/LE rats has not been 
er established, the chromatographic profiles in Figs 1 and 
tongly suggest the presence of nonapeptide AVP, in that 
tivity co-elutes both with synthetic AVP (1-9) and with the 
t-AVP peaks found in the gel profiles of HT and N-IL extracts 
‘om LE/ LE rats. In these latter tissues, biologically active AVP 
1) of molecular weight (M,) ~ 1,000 is the major end product, 
he nonapeptide accounts for most of the ir-AVP-like 
ty™'™!!, The absence of higher molecular weight ir-AVP 
ecies in both ovarian extracts may reflect an artefact of tissue 
dling; equally, it is consistent with rapid and extensive 
atic processing of precursor(s) in vivo. Similarly, it is 
ssible that the antigenic hexapeptide AVP (4-9) is shielded 
ie tertiary structure of the precursor(s), which thus may not 
e recognized by our antiserum. The absence of a high M, peak 
fir-AVP in LE/L hypothalamic extracts is consistent with 
nt reports suggesting the early cleavage of AVP (1-9) from 
~=20,000 M, precursor’ !?"3, 
Onea quantitative basis, the amount of ir-AVP in the ovary 
oth di/di and LE/LE rats is approximately equal; in both 
€s, the content is two to three orders of magnitude less than 
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Fig. 2 HPLC profiles of ovarian extracts from homozygous 
Brattleboro (di/di) rats. Ovaries from 15 rats were collected in 
1Oml of 0.1MHCI at 4°C. Extracts were then prepared by 
homogenizing with a Polytron (Brinkmann Instruments, speed 
setting 3, 2 x 3-s bursts) and boiling for 15 min. Homogenates were 
centrifuged (10,000g, Sorvall RC-5, DuPont) for 20 min at 4°C. 
The supernatant was removed, lyophilized and reconstituted in 
10 ml of 0.1% trifluoroacetic acid (TFA), applied to C18 Sep-pak 
cartridges, eluted at room temperature with 50% MeCN in 0.1% 
TFA and relyophilized for HPLC. Samples of rat ovarian extract 
(2 mg) were injected in 250 ul of 0.1% TFA and gradients were 
tun from 0% to 40% acetonitrile in 0.1% TFA over 60 min at 
1.0 ml min™', HPLC was carried out using a Waters Associates 
system comprising a UK6 injector, two 6000A pumps, a 660 solvent 
programmer and a 441 UV absorbance detector at 215 nM. The 
column used was a Waters u Bondapak Cy, radial-pak cartridge 
(10 um packing) pressurized to 110 kg em”? in a RCM 100 com- 
pression module. Fractions were collected from 5 min before in jec- 
tion until 15min after final gradient conditions were reached. 
Protein was estimated by absorbance at 215 nM {=}, and frac- 
tions from the rat ovarian extract were lyophilized and assayed 
for immunoreactive AVP (@-——@), with a calculated recovery of 
85% of the applied ir-AVP. The arrow labelled AVP indicates the 
elution position of authentic AVP (Peninsula) run in identical 
conditions after the ovarian extract. 


that present in the HT or N-IL. As such, ovarian ir-AVP seems 
unlikely to contribute substantially to circulating ir-AVP, but 
may act as a local modulator affecting ovarian function. Adashi 
and Hsueh”? have recently proposed a similar paracrine role for 
AVP in the male gonad, as they found that the peptide markedly 
suppressed testicular steroidogenesis in cell culture. 

In immunofluorescence studies of adult ovaries from both 
di/di and LE/ LE rats, positive staining for AVP was confined 
to the lutein cells of corpora lutea (Fig. 3a, b). In gonadotropin- 
treated animals, however, luteinized theca cells adjacent to the 
corpora lutea, and those scattered among the interstitial tissue, 
also stained positively for ir-AVP (Fig. 3c, d). In contrast, ovaries 
of immature rats or ovarian follicles of adult rats were immuno- 
fluorescence-negative for ir-AVP (data not shown). As expected, | 
both ir-AVP (Fig. 3e) and ir-oxytocin (Fig. 3f) were localized 
immunohistochemically in the neurohypophysis of LE/ LE rats; 
ir-oxytocin (Fig. 3g) but not ir-AVP (Fig. 3h) was identified in 
the same tissue of di/di rats. 

As shown in Fig. 4a, ovarian ir-AVP seems to be related to 
the stage of sexual maturation of the animals. A 10-fold higher 
content of ir-AVP was found in ovaries of adult di/di and 


LE/ LE rats than in those of immature (19-21 day) animals; in: : - 
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Fig. 3 Indirect immunofluorescence microscopy of pituitary and 
ovarian sections from Long-Evans (LE/LE) or homozygous 
(di/di) Brattleboro rats, showing positive staining for ir-AVP in 
the luteinized granulosa cells of the corpus luteum of adult Brattle- 
boro rats treated with saline (a) or with pregnant mare serum 
gonadotrophin (PMSG) and human chorionic gonadotrophin 
(HCG) (b). In PMSG/ HCG-treated animals, luteinized theca cells 
(arrows) adjacent to the corpus luteum (CL) are immunofluores- 
cence-positive for ir-AVP (c), as are individual cells in the inter- 
stitium (d). Identical staining for ir-AVP was found in the ovary 
of adult LE/LE rats examined in parallel (data not shown). The 
neurohypophysis (PN) of LE/ LE rats shows positive staining with 
anti-oxytocin (Immunonuclear) (e) and anti-AVP antiserum 
(R151) (f), with the intermediate lobe (PI) immunofluorescence- 
negative for both. In contrast, although the PN is positive for 
ir-oxytocin in di/di rats (g), both parts of the neurointermediate 
lobe are negative for ir-AVP (h). All tissues were fixed in Bouin's 
solution for 4h at room temperature, dehydrated, cleared and 
paraffin infiltrated by a Autotechnicon Ultrapressor at 60 °C. Sec- 
tions 3-4m were prepared, delipidated, rehydrated and incubated 
with anti-AVP antiserum R151 (from 1:32 to 1:512) for 24h at 
4°C. After 3 x 10-min washes in phosphate-buffered saline (PBS), 
fluoresceinated sheep anti-rabbit immunoglobulin (Wellcome) was 
added at a 1/20 dilution for 30 min at room temperature. The 
sections were rinsed and mounted for viewing under a Leitz-Dialux 
20 microscope. Specificity of the staining reactions was demon- 
strated by the absence of specific staining with PBS, with normal 
rabbit serum, or with anti-AVP antiserum (R151 at 1:32) pre- 
absorbed with an equal volume of Sug ml~' synthetic arginine- 
vasopressin (Ferring). Staining was unaffected by prior absorption 
with oxytocin, Met-enkephalin, ovine B-endorphin, adrenocor- 
ticotropic hormone or a-melanocyte-stimulating hormone at con- 
centrations of 50-100 pg ml” '. Not shown is equivalent immuno- 
fluorescence staining obtained with an anti-AVP antiserum 
(23H2T, obtained from Immunonuclear, Stillwater, Minnesota). 


contrast, ir-AVP content of HT and N-IL from both strains did 
not differ significantly with age. If there is a single copy of the 
AVP gene in the animals, our observations suggest that 
expression of the gene coding for AVP is quite differently con- 
trolled in ovary and brain. If there are multiple genes for AVP, 
our data suggest selective tissue-specific expression of one gene 
in HT, and another in ovary. 

The marked differences in the ovarian contents of ir-AVP 
found between immature and adult rats prompted us to examine 
the possible effects of gonadotropins on ovarian peptide levels. 
Figure 4b shows that sequential treatment with pregnant mare 
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Fig.4 Content of immunoreactive-arginine-vasopressin in ovary 
(upper panel), hypothalamus (HT; middle panel) and neurointer- 
mediate lobe (N-IL; lower panel) of Long-Evans rats (LE/LE; 


left) and homozygous Brattleboro rats (di/di; right). Rats were 3 


decapitated; hypothalamic tissue was defined rostrally by a cut 
2mm anterior to the optic chiasm, caudally by the mamillary 
bodies, and laterally by the lateral sulci, to a depth of 5 mm from 
the median eminence. Pituitaries were removed and separated into 
anterior pituitary and N-IL under a dissecting microscope; ovaries 
were similarly removed and cleared of fat. For radioimmunoassay, 
all the tissues were extracted by first boiling in 2 ml 0.1 M HCI for 
15 min followed by homogenizing and centrifuging as described 
in Fig. 1 legend; supernatants so obtained were removed, freeze- 
dried, reconstituted and diluted with assay buffer to | in 1,000 
(pituitary) and | in 100 (hypothalamus) for radioimmunoassay. a, 
Immature (19-22 days) rats (O) and mature rats (S). b, Adult 
female rats (100-150 days) were injected intramuscularly once with 
50 IU PMSG and 60 h later with 25 IU HCG (N); control animals 
received saline injections on both occasions (O). All animals were 
killed 24h after the last injection by decapitation. Values shown 
are mean +s.e.m., n=6. *** P<0.01 compared with immature 
animals (a), or saline treated controls (b). + Not detectable 


(<0.5 pg per tube). Sy 


serum gonadotropin (PMSG) and human chorionic gonadotro- 


pin (HCG) lowered ovarian ir-AVP significantly in both di/di — 


(P<0.001) and LE/LE rats (P <0.001), whereas ir-AVP con- — 


tents of the HT or N-IL from the same animals remained | 


unaltered. Such observations further support the contention that — 


ovarian ir-AVP is specifically affected by the gonadotropins, 
independently of levels in intracranial tissues. 


Accordingly, there appear to be several lines of evidence for — 


an identical pattern of ovarian production of AVP in LE/LE 


and di/ di rats, as has previously been suggested for the bovine’ — 
and human’ ovary. As such, the absence of hypothalamic AVP — 


in the di/di rat appears consistent with a local tissue-specific 
defect of gene transcription/translation. A transcriptional de- 


fect was postulated on the basis of dot-blot analysis of RNA | 


from the supraoptic nuclei of homozygous Brattleboro and 
normal rats, using a specific AVP-NPII probe’. More recently"®, 


the same workers have shown that a subtly altered (single 


nucleotide deletion in exon B) mRNA for AVP-NPII from 
Brattleboro hypothalamus can be demonstrated, in normal 
amounts, from Brattleboro hypothalamus. Accordingly, they 
postulate that the disorder in Brattleboro hypothalamus is one 
of translation, rather than transcription, of the altered sequence. 
We are now investigating the control of ex@ression of the gene 
coding for AVP in both hypothalamus and ¥vary, in an attempt 
to determine why it is expressed in the ovary but not the 
hypothalamus of the Brattleboro rat. e 

This work was supported by the National Health and Medical 
Research Council of Australia. 
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sinine-vasopressin (AVP) is a neurohypophysial nonapeptide 
th antidiuretic activity involved in the control of blood yolume 
_ and plasma osmolality'. Recently, by immunological methods, the 
presence of AVP has been demonstrated in extrahypothalamic 
areas of the brain, in the spinal cord? and in the ovary’, testis* 
and adrenal gland“. The Brattleboro rat is regarded as having 
an autosomal recessively inherited lack of neurohypophysial 
vasopressin“ and its associated neurophysin’. Since its discovery 
over 20 years ago” this animal has been widely used in studies on 
the physiological role of vasopressin. We have recently investigated 
the presence of immunoreactive vasopressin and the related non- 
_ apeptide oxytocin in the adrenal glands of the human, rat and 
_ cow, and report here the isolation from the Brattleboro rat adrenal 
_ of material with similar immunological, physical and biological 
_ properties to synthetic vasopressin. 
__ Groups of female Brattleboro rats (200 g) were obtained from 
_ the Charing Cross Hospital Medical School; these animals were 
the products of homozygote-homozygote matings and were 
_ confirmed to have diabetes insipidus (urine output > 140 ml per 
_ day). Female Long-Evans rats of the same weight and source 
ere used as controls. Vasopressin and oxytocin were measured 
_using highly specific radioimmunoassays (RIAs)*, the First 
International AVP Standard (77/501) and the Fourth Interna- 
_ tional Oxytocin Standard (76/575). The cross-reactivity between 
_ these hormone assays was <0.005%. Animals were allowed free 
access to water and were killed by stunning and decapitation. 


Tissue Rat strain 
Plasma Long-Evans 
E. Brattleboro 
_ Adrenal gland Long-Evans 
re Brattleboro 
= Hypothalamus Long-Evans 
3 Brattleboro 
~ Pituitary Long-Evans 
E, ) Brattleboro 
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trunk blood was collected and hypothalami, pituitary and 
drenal glands were snap-frozen after their rapid removal; they« 
were stored at —70 °C until used. Extraction of plasma, pitui 
and hypothalamic AVP was performed as described previous] 
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Fig. 1. Immunoreactivity of serial dilutions of Brattleboro rat 

adrenal extract. Brattleboro rat adrenal extract (O) was prepared 

by HPLC in conditions described in Fig. 3 legend. Serial dilutions 

of this material were made and compared with serial dilutions of 
the AVP standard (@) by RIA”. 





Fig. 2. Immunocytochemical localization of AVP, using Bouin- 
fixed Brattleboro rat adrenal gland, anti-AVP antiserum (at 1:150 
dilution) and peroxidase-antiperoxidase. Sections (7 pm) were 
taken through the centre of the gland. The counterstain was Mayers 
haemalum and control sections were incubated with preabsorbed 
antiserum. The photomicrograph (62), from the centre of the 
medulla, shows darker, stained cells (A) with lighter, negative 
cells (B). 


Table 1 Immunoreactive neurohypophysial peptides in Brattleboro and Long-Evans rats 


AVP 


8.0+6.5 pgml~! (n=11) 
* <0.5 pg ml™' (n=7) 
11.5 ngg’ (pool of 12) 
14.5 ng g`' (pool of 12) 
1.584 0.28 pg g`’ (n=4) 
0.24 ng g`' (pool of 6) 
130+22 pgg (n=3) 
0.54 ng g`" (pool of 6) 


Oxytocin 
17.0+ 12.0 pg mI~! (n=11) 
87.6+75.0 pg ml~! (n= 15) 
12 ngg™' (pool of 12) 

16 ng g`’ (pool of 12) 
0.46 +0.25 ugg”! (n=4) 
93 ngg`' (pool of 6) 
56+32 pg g ' (n =3) 

71 pgg' (pool of 6) 


. 


= The plasma and tissue content of immunoreactive AVP and oxytocin was compared in the Brattleboro and Long-Evans rats. RIAs were performed 


on either tissue extracts from individual animals (numbers in 
_ were low, an extract from pooled glands. Values are the mean +s.d. 
* 0.84+0.2 pg ml“ in a further five animals. 
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parentheses) or, particularly in the case of the Brattleboro rat where concentrations 
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RIAs showed similar concentrations of AVP in the adrenajs 

4. of Brattleboro and Long-Evans rats but markedly reduced 

amounts in Brattleboro plasma, pituitary and hypothalamus 

(Table 1). Oxytocin concentrations were approximately the same 

in the adrenals of both strains but higher in Brattleboro plasma 
and lower in Brattleboro rat hypothalamus. 

We confirmed the presence of AVP in the Brattleboro adrenal 
by showing that serial dilutions gave a curve parallel to the 
standard curve of the reference peptide in RIA (Fig. 1). In 
addition, immunocytochemistry using a different AVP antibody 
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Fig. 3 Chromatography of Brattleboro rat adrenal extracts. 


X Tissues were homogenized in 1 M acetic acid (300 mg tissue per 


ml) using five strokes of a glass~glass homogenizer. The homoge- 
nate was centrifuged in an Eppendorf microfuge for 5 min and the 
supernatant removed and subjected to chromatography. Synthetic 
vasopressin (Ferring) was subjected to the same procedures in 
identical conditions and the immunoactivity profiles were com- 
pared. @, Brattleboro rat adrenal extract; O, synthetic AVP. a, 
500 ul of Brattleboro rat adrenal extract were chromatographed 
on a Biogel P2 (Biorad) 1 x60 cm column eluted at 10 ml h~' with 
0.1M formic acid. Fractions (1 ml) were collected and 100-1 
aliquots diluted with 100 p1 0.2 M Tris-HCI pH 8.0, then assayed 
for AVP. Synthetic AVP (2ng) was run for comparison. Blue 
dextran 2000 eluted in fraction 17. b, 100 l of Brattleboro rat 
adrenal extract were mixed with 100 xl of acetone and centrifuged. 
The supernatant was spotted on a Whatman LK6DF TLC plate 
and run in n-butanol acetic acid pyridine water (15:3:10:6) l-cm 
lengths of the plate were scraped and eluted with 60% acetonitrile, 
dried down and assayed after resuspension in assay buffer. Syn- 
thetic AVP (1 ng) was run on the same plate. The Rp of synthetic 
AVP in this system was 0.454. c, 50 yl of Brattleboro rat adrenal 
extract were chromatographed on a Waters Associates instrument 
with a 4-Bondapak C,s column, with a 10-60% linear gradient of 
acetonitrile in water containing 0.08% trifluoroacetic acid, at a 
* flow rate of 1 ml min™'. Fractions (1 ml) were collected, dried down 
and assayed for AVP after resuspension in assay buffer. 
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Fig. 4 Bioassay of antidiuretic activity. Antidiuretic activity was 
assayed in the water-loaded, ethanol-anaesthetized rat. Each ver- 
tical line represents the urine output in | min. Intravenous injec- 
tions were given at the arrows. E, extract (1 ml) of HPLC-purified 
immunoreactive material from three pairs of Brattleboro rat 
adrenals. AVP, vasopressin (Pitressin). After injection of 20 ug of 
d(CH,)<Tyr(Et)VAVP. a specific AVP antagonist (VAVP is 4-value 
arginine vasopressin)'°, during the interval between the tracings, 
400 yl of extract produced no antidiuretic response. 
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demonstrated immunoreactive material in the adrenal medulla 4 
(Fig. 2). However, further immunocytochemical studies (not | 
shown) have demonstrated reactivity in the zona fasciculata and — 
reticularis but not in the zona glomerulosa of the adrenal cortex. — 
Immunoreactive AVP extracted from Brattleboro rat adrenals — 
behaved identically to synthetic AVP on gel chromatography, 
TLC and HPLC (Fig. 3). Conditions were chosen to give a clear 
separation from OXT. The small additional immunoreactive — 
peak with a retention time of 20 min on HPLC was not present — 
in all experiments and was also seen in material from Long- — 
Evans rats. 4 
Antidiuretic activity was demonstrated’? in four different 
extracts of purified immunoreactive material from the adrenal — 
glands of Brattleboro rats. In the experiment of Fig. 4, ; 
intravenous injections of the extract and of vasopressin 
(Pitressin) produced graded antidiuretic responses with similar 
profiles and the antidiuretic activity of the extract was abolished 
by a specific AVP antagonist'’. The total antidiuretic activity of — 
the extract was ~100 pU; the amount of immunoreactive — 
material was equivalent to 200 pg of the AVP standard, giving i 
~500 IU of biological activity per mg of immunoassayable — 
material. r 
It has been shown previously in our laboratory that the adrenal 


glands of several species contain material which is immunologi- — 
cally and chromatographically identical with synthetic AVP and ~ 
oxytocin’. The present work extends these studies and shows 

that the adrenal gland of the Brattleboro rat contains an AVP-like - 

material in amounts equal to those of thd{normal animal. This 

material behaves identically to syntheti¢ vasopressin on gel 
chromatography, TLC and HPLC; it is recognized by antibodies i 
to vasopressin and has antidiuretic activity which is abofished — 
by a specific AVP antagonist. We consider it highly likely, >) 
therefore, that the material is vasopressin. In contrast, we were x 
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e to detect immunoreactive material in the Brattleboro 
hypothalamus, pituitary gland and plasma only at very low 
concentrations, which were near the limits of the assay, and we 
re unable to detect biologically active AVP in Brattleboro 
pituitary extracts. 

__ We believe these results have implications for the interpreta- 
tion of the results of physiological experiments in the Brattleboro 
fat, a rat strain long considered to be AVP-deficient. In par- 
ticular, they highlight the possible roles of both oxytocin and 
AVP in catecholamine and glucocorticoid synthesis and 
secretion. In addition, our results may be relevant to the under- 
standing of AVP gene regulation. 

Since the completion of this study, Schmale and Richter have 
published results of elegant studies on the Brattleboro rat!'. 
KI 
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i nviability of parthenogenones 
is determined by 
pronuclei, not egg cytoplasm 


Jeff R. Mann & Robin H. Lovell-Badge 


RC Mammalian Development Unit, Wolfson House (University 
College London), 4 Stephenson Way, London NWI 2HE, UK 


a ogenetic mouse embryos pose an interesting problem in 
» study of early mammalian development. Haploid or diploid 
_parthenogenones, resulting from spontaneous' or experimental? 
activation of unfertilized eggs, will undergo apparently normal 
oo development but die in the early post-implantation 
stag . However, in aggregation chimaeras with fertilized 
embryos, parthenogenetic embryos have the ability to differentiate 
lo many tissue types, including gametes which can give rise to 
normal offspring’. Furthermore, it has been reported that viable 
oung were obtained from the transfer of inner cell-mass nuclei 
parthenogenetic blastocysts to enucleated fertilized eggs'’. 
These observations suggest that sperm have some additional role, 
aj from restoring a complete genome, that is necessary for 
“normal development. To investigate whether sperm-related modifi- 
cations to the egg cytoplasm are important, we have used an efficient 
transfer technique in which a complete karyoplast, com- 
; of pronuclei, surrounding cytoplasm and a portion of the 
egg plasma membrane, is transferred utilizing Sendai virus mem- 
t fusion'', Embryos produced by the transfer of pronuclei 
from diploid parthenogenetic eggs to enucleated fertilized eggs 
lied very soon after implantation, whereas viable young were 
obtained from the transfer of fertilized egg pronuclei into enu- 
cleated parthenogenetic eggs. This shows that the death of 
pa nogenones is not due to a lack of cytoplasmic factors from 
the sperm. 
In the experiments of McGrath and Solter'', 15% of the 
enucleated eggs receiving transferred karyoplasts developed suc- 
cessfully to term. Our preliminary experiments showed a higher 
“success rate, 66%, but this can be attributed to more efficient 
implantation. Nuclei from fertilized eggs were transferred to 
enucleated fertilized eggs of contrasting genetic type, and the 
resulting embryos replaced in pseudopregnant females. One 
recipient failed to become pregnant; the remaining females 
received 15 manipulated embryos and gave birth to 10 live 
young, identified by #izyme type or coat colour as derived from 
_ the donor nuclei. 
= Nuclei from fertilized eggs were then transferred to 
) nogenetically activated and enucleated host eggs (Table 
1). Of 32 manipulated embryos put into females that became 
_ pregnant, 22 gave rise to live young, all of which were identified 
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ey have identified the defect in the AVP gene as a single 
deletion in the sequence encoding the neurophysin and postulate 
subsequent abnormalities in translation and post-translational 
events. The presence of AVP in the Brattleboro rat adrenal 
Suggests that this tissue, unlike the hypothalamus, may be cap- 
able of post-translational modification of the abnormal precur- 
sor. However, the possibility of a second AVP gene expressed 
in the Brattleboro rat adrenal is not excluded. 

S.S.N. is a Wellcome Trust Lecturer. We thank the Wellcome 
Trust for support; Dr J. Laycock, Charing Cross Hospital 
Medical School for supplying animals; Dr M. Manning, Medical 
College of Ohio, USA for d(CH,)<Tyr(Et)VAVP; and Dr M. 
Fisher, Department of Biochemistry, St George’s Hospital 
Medical School, for helpful discussions. 
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as being derived from donor nuclei; 4 by enzyme type and 18 
by pigmentation. Thus, karyoplasts transferred to enucleated 
eggs supported successful development through to birth in at 
least 66% of cases, irrespective of whether the host eggs were 
fertilized or parthenogenetically activated before enucleation. 

In contrast, when nuclei from parthenogenetically activated 
eggs were transferred into enucleated fertilized eggs (Table 2), 
none of the manipulated embryos developed to term. In one 
experiment (data not shown) 5 out of 6 manipulated embryos 
of this class were allowed to develop to blastocysts in vitro. 
These appeared normal and underwent hatching. Of 34 put into 
females that became pregnant, 21 implanted successfully, but 
all 21 were retarded or degenerating when the recipient females 
were killed 63-10} days post coitum. In recipients at 10} and 
7; days, only a small amount of necrotic tissue was apparent, 
while in recipients autopsied at 6} days of pregnancy, the experi- 
mental embryos were retarded in growth and disorganized (only 
two had formed recognizable egg cylinders). Except in one case, 
embryos in the control horn were always morphologically nor- 
mal and at an expected stage of development. Evidently the 
parthenogenetic karyoplasts were not capable of supporting 
normal development. 

These results strongly argue against the possibility that the 
cytoplasm of fertilized eggs has components which could sup- 
port those aspects of normal development not achieved in 





Table 1 Transfer of fertilized egg pronuclei into enucleated parthenogenetic eggs 








Recipient Donor Host No, of embryos: Phenotype Sex of 

female nuclei eggs Replaced Born of young young 

I GPI-IAB GPI-IB a 4 GPI-IAB 4s 

2 c/c +/+ 13 10 c/c 392, 68 

3 c/c +/+ 10 5 cje 12,28 

4 c/c +/+ 5 3 c/c 19, 2¢ 
Total 32 22 


T ee ae eee 

Recipient females, and females used to provide parthenogenetic eggs, were 
(CBA xC57BL/6J)F, animals, homozygous for non-albino and for the elec- 
trophoretically distinguishable B variant of GPI- (glucose phosphate isomerase 
1); donor nuclei were either from heterozygous GPI-1AB eggs of the randomly 
bred Q strain (recipient 1) or from homozygous albino eggs of the randomly bred 
MFI strain (recipients 2, 3, 4). Oocytes and fertilized eggs were obtained from 
mice induced to ovulate by injection of $ IU pregnant mare serum followed 48 h 
later by $ IU human chorionic gonadotropin, and were manipulated in medium 
M2*!, Oocytes were activated parthenogenetically by ethanol treatment’. Those 
of the haploid class (2nd polar body, | pronucleus) were enucleated, and pronuclei 
of fertilized eggs were then transferred to them''. After culture overnight in medium 
16° at 37°C, in 5% CO, in air and a humidified atmosphere, all 43 successfully 
manipulated eggs cleaved to two cells. In recipients | and 4, embryos were put 
into a uterine horn at the blastocyst or compacted morula Stage on the 3rd day 
of pseudopregnancy. In recipients 2 and 3, embryos were put into oviducts at the 
2-cell stage on the Ist day of pseudopregnancy. Recipients were mated to vasecto- 
mized males of the same strain and of proven sterility. One recipient failed to 
become pregnant. Of the young born, three died before sexing; all others survived 
to adulthood, and the four males from recipient | have bred. 








p Table 2 Transfer of parthenogenetic nuclei into enucleated fertilized eggs @ 








yi sarraa ARE annetaan aiene an rr ann H et 
Autopsy No. of embryos 
Récipient (days post Control Experimental 

female coitum) R N A R N A 
1 105 0 — — 8 0 2 

2 104 6 5 1 3 0 3 

3 105 3 2 0 3 0 2 

4 7} 5 5 0 5 0 5 

5 64 5 5 0 5 0 4 

6 64 4 4 0 5 0 0 

7 64 6 0 0 5 0 5 
Total 29 21 1 34 0 21 


anrea 


R, replaced; N, normal; A, abnormal. 

F, animals (see Table 1) were used to provide recipient females 4, 5 and 6, 
donor nuclei for the transfers in 1, 2, 3, 5, 6 and 7, and host eggs in 4, 5, 6 and 
7. In other cases MF! animals were used. Parthenogenetically activated oocytes 
of the diploid class (2 pronuctei, no 2nd polar body) were selected (recipients 
1-3) or obtained by culture for 23 h in cytochalasin B to suppress 2nd polar body 
formation, followed by 4h culture in medium 16 without cytochalasin B (recipients 
447). For other technical details, see note to Table 1. Of 44 embryos successfully 
manipulated, 41 cleaved to two cells. Experimental embryos were put into one 
oviduct of a pseudopregnant recipient (both oviducts for recipient |), whereas 
control two-cell embryos (fertilized embryos of the same type used as host eggs 
< recovered and cultured along with the experimentals, but not otherwise manipu- 

lated) were put into the other oviduct. Two recipients failed to become pregnant. 


parthenogenetic eggs. Indeed they suggest that it is some 
property of the paternal pronucleus that is essential, or perhaps 
some perinuclear component inseparable by this technique. A 
similar conclusion can be drawn from the recent finding of 
Surani and Barton’? and others'*'*, in which diploid gyno- 
genetic eggs (fertilized eggs containing two maternal but no 
paternal pronuclei) do not develop beyond mid-gestation. It is 
difficult to reconcile our results with those of Hoppe and Ill- 
mensee'®, showing development to term upon transfer of 
qe parthenogenetic ICM cell nuclei to enucleated fertilized eggs. 
< However, it is conceivable that some modification occurs to the 
= nuclear material during development to the blastocyst stage. 
‘Another explanation of these conflicting results could lie in the 
differences in technique used for enucleation, In the method of 
McGrath and Solter’! used in this study, all of the pronucleus 
is unequivocally removed as it is sucked into the enucleation 
pipette surrounded by the egg plasma membrane. However, with 
the method used by Hoppe and Illmensee, which involves punc- 
ture of the egg membrane, part of the pronucleus may be left 
behind during enucleation. It is possible that this remaining 
material was sufficient to permit development to term. This may 
also provide an explanation for the differences between the 
results obtained by Hoppe and IIImensee’* and others'?"'* with 
diploid gynogenetic eggs. 
The cause of death of parthenogenones remains unknown. 
a We do not consider that homozygosity plays a role as has been 
x -proposed'”'®, since the number of lethal mutations necessary 
~~. to bring about the death of every parthenogenone would require 
“an unrealistically high mortality in brother-sister matings of 
-inbred strains. The essential role of the paternal pronucleus may 
“-jnvolve one of the nuclear components known to differ between 
“sperm and egg, such as protamines'’; alternatively, specific 
modifications to sperm DNA, such as methylation, may be 
important. Such differences may also be reflected functionally 
at a later stage in the preferential inactivation of the paternal 
X chromosome in the extra-embryonic membranes'*'”. 

Since submission of this paper, work by Surani et al.” has 
been published that reaches similar conclusions. By transferring 
single pronuclei from fertilized eggs to haploid parthenogenones 
they demonstrated that the paternal pronucieus is necessary for 
normal development. 

We thank Jim McGrath for advice on Sendai virus fusion. 
J.R.M. is supported by part of an Uncle Bob’s Travelling Fellow- 
ship and the Birth Defects Research Institute, Royal Children’s 
Hospital, Melbourne, Australia. 

ote added in proof: By transferring single pronuclei between 
ertilized eggs McGrath and Solter” have shown that the combi- 
yn of paternal and maternal pronuclei is essential. 
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Mechanism of sequential induction 
of cell-type specific 
mRNAs in Dictyostelium differentiation 


Rex L. Chisholm*, Eric Barklis & Harvey F. Lodish 


Department of Biology, Massachusetts Institute of Technology, < 
Cambridge, Massachusetts 02139, USA : 





Upon starvation, the cellular slime mould Dictyostelium discotdeu 
initiates a 24-h programme of differentiation’. Within 6h, ci 
move towards aggregation centres in response to pulsatile synthes 
and secretion of cyclic AMP“, At about 12 h, aggregates of 11 
cells are formed, held together by newly made surface adhesio 
molecules**, The cells then differentiate into the two princip: 
types found in the terminal stage of development, spores and stal 
Here we show that the chemotaxis and aggregation stages of this 
developmental programme can be described as a series of sequ 
tial events in which these extracellular signals—starvation, cycli 
AMP and cell-cell contact—induce specific, sequential change 
in the pattern of gene expression. 

Among the gene products induced by each extracellular signal 
are cell-surface molecules which may enable the cells to recogn 
ize the signals that trigger subsequent phases of the programm 
We have previously cloned and characterized a series of cDN 
which represent developmentally regulated genes preferentially 
expressed in pre-spore or pre-stalk cells’. The mRNAs encoded 
by these clones fall into four discrete classes, two specifically 
expressed in pre-spore cells and two in pre-stalk cells. Figure 
la shows the accumulation of mRNAs representative of each 
class. Pre-stalk class I mRNAs, such as D14, are present at very 
low levels in growing cells (see Fig. | of ref. 9) but accumulate 
to 20-50-fold higher levels by 12h. Pre-stalk class II mRNA‘ 
represented by PL1, are absent in growing cells and begi: 
accumulate between 8 and 12 h, at the time of chemotaxis. Bo 
classes of pre-spore mRNAs are undetectable in growing cells 
pre-spore I mRNAs (DI8) begin to accumulate durin 
chemotaxis (4-8h), while the pre-spore II messages are firs 
seen at the time tight cell contacts are formed (12 h). Mehdy e 
al,’ have recently cloned pre-stalk mRNAs which appear simil 
to our pre-stalk class II, and pre-spore-specific mRNAs simila 
to our class II pre-spore genes. 

When growing cells are transferred to starvation buffer an 
shaken at 250 r.p.m., the initial stages of differentiation ar 
induced, but cyclic AMP signalling is disngþted and the forma- 
tion of cellular aggregates prevented. In sùch conditions, p 


stalk I mRNAs are induced with the same time course and 
od 





* Present address: Department of Cell Biology and Anatomy, Northwestern University Medical 
School, 303 E. Chicago Ave, Chicago, Minois 60611, USA. i : 
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N Fig. 1 Accumulation of pre-spore- and pre-stalk-specific mRNAs during normal 
la development (a) and as a result of starvation in suspension (b) and cyclic AMP pulses 

i (c), and induction of D19 (pre-spore I1) mRNA following cell contact (d). 
A Methods: Total cytoplasmic RNA was prepared from developing cells at the times 
; indicated. RNA (25 pg) was size fractionated by electrophoresis on formaldehyde 
agarose gels, blotted to Gene Screen membranes and probed with **P-labelled cloned 
DNAs as described previously’. To facilitate comparisons, the filters probed with a 
given cloned message were hybridized in the same solution and autoradiographed on 
the same film; thus, for example, the level of D18 at 12 h of normal development (a) 
can be directly compared with the level at 12h in starved suspension culture (b). a, 
Dictyostelium strain Ax3 cells were grown and plated for development on filter pads 
as previously described'’. Cell aggregation is complete by 12 h and fruiting bodies form 
at 24-26h of development. The lanes labelled DIS and DIS+cAMP contain total 
cytoplasmic RNA prepared from cells disaggregated after 15h of development, then 
shaken for 4h in the absence (DIS) or presence (DIS +cAMP) of 100 pM cyclic AMP. 
b, Growing cells were collected at 2x 10° per ml, washed and resuspended at | x 10” 
i per ml in PDF buffer'’, and shaken at 22°C and 250 r.p.m. on a gyratory shaker for 
f the times indicated. c, Cells were collected and placed in starved suspension cultures 
as described for b. Starting at 2h of starvation, cells were exposed to 50 nM pulses of 
j cyclic AMP every 6 min. d, Cells were starved in suspension and pulsed with cyclic 
` AMP as in c At 12h of development they were collected and 7.5x10" cells were 
k deposited on a 132-mm filter pad. RNA was prepared from cells at the time of plating 
y (track 1) and after 1, 2, 3, 4 or 8h of further incubation (tracks 2-6, respectively). 





A 
_ levels similar to those seen during normal development (Fig. 
_ 1b). The other three classes do not accumulate to significant 


pre-stalk messages (PL1) and pre-spore I mRNAs (D18) to 
levels similar to those seen during normal development, and 


levels, although extremely low levels of D18 (pre-spore I) are 

= occasionally seen. The levels of ‘common’ RNAs, such as CZ22, 

_ that are present throughout growth and differentiation, are 
unchanged. Thus, starvation alone is sufficient to induce the 
= accumulation of pre-stalk I mRNAs to levels seen during normal 
development. Figure 2 shows that the cell-surface cyclic AMP 

_ receptor is also induced to normal levels in starved suspension 
cultures, but there is no induction of the developmentally regu- 

_ lated cell-surface molecules that allow formation of the EDTA- 
resistant aggregates (Fig. 3) characteristic of differentiating 

~ cells''. Starvation can be viewed as an extracellular signal that 

_ induces a new pattern of gene expression, including induction 
_ of pre-stalk I mRNAs and the cell-surface cyclic AMP receptor. 

= Pulsatile addition þf cyclic AMP to cells shaken in starvation 

_ buffer mimics the ce¥l—cell signalling that occurs during normal 
4 aggregation. Figure | c shows that in the presence of cyclic AMP 
pulses, the pre-stalk I and common mRNAs accumulate to the 

__ same extent as in starved suspension cultures without exogenous 
= cyclic AMP. Importantly, cyclic AMP pulses induce class II 


induce the ability of the cells to form EDTA-resistant aggregates 
(Fig. 3). Thus, cyclic AMP pulses represent another extracellular 
signal that induces a later stage in the developmental pro- 
gramme. 

Pre-spore II mRNAs do not accumulate in cyclic AMP- 
pulsed, starved suspension cultures (Fig. lc). However, if cells 
which have been pulsed for 12h are placed on filters, the cells 
aggregate within 60 min. The pre-spore II messages begin to 
accumulate within 60 min of plating (Fig. 1d). Similarly, if cells 
pulsed with cyclic AMP for 12 h are subsequently shaken at low 
speeds (40 r.p.m. on a roller drum) where large aggregates are 
formed rapidly, induction of pre-spore II mRNAs is also seen 
(data not shown), although to somewhat lower levels. Presum- 
ably, induction of pre-spore II genes in roller culture is less 
dramatic because a smaller fraction of the cells are actually in 
aggregates. These results show that cell contact or some other 
consequence of aggregate formation triggers progression into 
the next stage of development, the expression of the large class 
of previously unexpressed pre-spore II genes. 
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“Fig. 2. Kinetics of appearance of cell-surface cyclic AMP binding 
activity. Cells were collected at the indicated times from filter pads 
(squares) or from starved suspension cultures (triangles), washed 
with PDF and resuspended at 1 x 10° cells per mlin PDF containing 
10 mM dithiothreitol. 300 pl of cells were mixed with 300 pl of 
PDF containing 107 M ?H-cyclic AMP, and incubated for 30s at 
4°C. Then 300 pl of the mixture was layered on to 100 pl of an 
8:2 mixture of DC550 silicon oil and Nujol mineral oil. Following 
a 2-s centrifugation in an Eppendorf minifuge, the tubes were 

| frozen, the bottom of the tube was cut off, and the pellet solubilized 

in. 1% SDS. Specific cyclic AMP binding was calculated as the 

< difference between thec.p.m. bound in the absence and presence 
a of 1074 M unlabelled cyclic AMP. 








< Figure 4 represents our current view of the D. discoideum 
developmental programme. It is a sequence of events in which 
extracellular signals trigger changes in the patterns of gene 
expression. At each stage new cell-surface molecules appear 
which could act as mediators for the effects of a subsequent 
extracellular signal. Starvation induces increased accumulation 
of pre-stalk I genes and the cell-surface cyclic AMP receptor. 
Pulses. of extracellular cyclic AMP then result in induction of 
pre-stalk II and pre-spore I messages, as well as the ability to 
form EDTA-resistant cell aggregates. Finally, formation of 
aggregates results in the expression of pre-spore II mRNAs, the 
largest class of developmentally regulated genes. 
Removal of the signal responsible for progression from one 
developmental stage to the next results in loss of gene products 
ecifically induced at that stage’*'’. Figure 1a shows that 
disruption of the multicellular aggregates after 15 h of develop- 
‘ment results in the loss of messages encoded by pre-spore I, 
_pre-spore II and pre-stalk H gene classes. Presumably, disrup- 
tion of these cell aggregates eliminates both the aggregate- 
dependent signal responsible for pre-spore II gene expression 
and the cyclic AMP signal necessary for induction of pre-stalk 
Il and pre-spore I genes. Expression of pre-stalk I genes, induced 
by starvation, is unaffected by disaggregation. Moreover, addi- 
tion of 100 uM cyclic AMP to disaggregated cells results in both 
renewed transcription of pre-spore I and pre-stalk II gene classes 
and stabilization of their cytoplasmic mRNAs'*"*. Interestingly, 
accumulation of pre-spore II messages is also restored by the 
addition of cyclic AMP to disaggregated cells. Although tight 
- aggregation formation is required for initial induction, cyclic 
AMP is sufficient to maintain expression of pre-spore IT genes 
in disaggregated cells. 
‘Based on the appearance of developmentally regulated 
; activities, Loomis and co-workers. have suggested that 
tyostelium -development can be interpreted as a series of 
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Fig. 3 Developmental kinetics of EDTA-resistant cell agereg: 
formation. Cells were collected at the indicated times during nor. 
mal development (squares), starvation in suspension (triangles) 0) 
cyclic AMP-pulsed suspension starvation (circles), washed: an: 
then resuspended at 5 x 10° cells per ml in PDF containing 10 mM 
EDTA. This mixture was vortexed until cells were completel 
dissociated, Aliquots (5 ml) were gently rolled (at 100 r.p.m.) in. 
roller drum for 30 min after which the percentage of. cells i 

aggregates was determined using a haemocytometer. 
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Fig.4 Schematic diagram of gene expression during Dictyostelium 
development and the factors responsible for induction of specific 
classes of genes. 


‘dependent sequences’’*'°. When various mutants incapable o 
completing the developmental programme are ordered ba: 
on the enzymatic activities expressed in their ‘term 
phenotype’, an ordered sequence of gene expression can | 
defined. Expression of late enzymatic activities is never s 

unless the enzymes normally expressed earlier in the develo 
mental programme have been induced. This ordered expressic 
of genes can now be interpreted in light of the extracellul 
signals that seem to regulate the developmental programm 
high cell density, starvation, cyclic AMP and the formatio 
cellular aggregates. 
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moeotic genes in the bithorax and Antennapedia complexes of 
phila melanogaster appear to specify the developmental fate 
segments of the fly. Some of these genes ( Ultrabithorax, Anten- 
jedia and fushi tarazu) share homology due to their conservation 
a ‘homoeo domain’'? consisting of 60 amino acids. Cross- 
ridization and cloning experiments show that the homoeo 
main is conserved in a frog (Xenopus laevis) gene expressed in 
rly development? and may also be present in earthworm, beetle, 
icken, mouse and human genomes’. The extreme conservation 
nd in the amino acid sequences between the Drosophila and 
nopus domains suggests that the domain has a vital function in 
control of early development. Here we report the results of a 
arch. made in the Dayhoff sequence bank, which reveals a lesser 
apparently significant homology between the homoeo domain 
and the amino acids coded from parts of the al and œ2 mating 
genes of the yeast Saccharomyces cerevisiae”. 
The degree of homology between the amino acids of the 
Moed domains is known to be greater than that between the 
sponding DNA sequences (termed homoeo boxes) due to 
silent nucleotide changes’. This suggested that the homoeo 
is translated into a functional protein, so searches were made 
the. Dayhoff protein sequence bank, using a consensus 
‘quence from the three Drosophila and one Xenopus homoeo 
ins shown in Fig. 1. In the whole bank of 2,372 sequences 
a total of 430,262 amino acids, the best homologies were 
und im the al and a2 yeast mating type (MAT) proteins 
wards their carboxyl ends (see Fig. 1). 
Although the statistical significance of such homologies does 
t necessarily imply protein structural similarity (see ref. 6), it 
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Antp Lys fara Gly paral Gin Thr Tyr 
Ubx Arg} Arg larg] jal Gin Thr Tyr 
ftz Lys ee Thr jaroj Gin Thr Tyr 
j I 1 
AC] Arg] Arg arg [62] Arg) Gin fle Tyr 
ja Gly His Eey Thr Lys Glu 
lal Serf Pro Mys) feys] Ser Ser Ile 
Antp Kis Phe Arg 
Fly Ubx His Thr Arg 
fez His Phe Arg 
Frog ACL His Phe Arg 
vaast: k Ile Glu Thr 
al Arg Arg 
Antp Thri Glu 
Ply Ubx Thr} Gla 
ftz Giu 
Frog ACL Thr] Glu 
a2 Arg 


` Yeast unspliced 


spliced 


n 1 Homoeo i from the fly genes Antennapedia (Antp), Ultrabithorax (Ubx) and fushi tarazu giz), 
gned with sequences near the carboxyl ends of yeast mating type proteins al and a2. The al amino acids starting after amino acid 48 are 








often acts as a guide to'a possible relationship. In this case it 
Gn be estimated that in a random sequence bank of Dayhoff 
size there is a relatively small chance of finding such homologies. 
For example, considering the homology in the 14 amino acids 
starting at residue 44 in the a2 domain (Fig. 1), 9 agree with 
the consensus sequence. The chance of finding such homology 
anywhere in such a bank would be approximately 1 in 10°. 
Particularly in this region, and from about amino acid 40 (Fig. 
1), the homologies are most marked (conservative changes may 
also be taken into account), but a search with almost the whole 
length of the consensus sequence also pointed to the yeast genes 
as having the best homologies to the homoeo domain, with a 
similarly low probability of this occurring by chance. Perhaps 
significantly, a large conserved block of amino acids, in all 4 
homoeo domains of fly and frog (amino acids 47~55), occurs 
within the 14 amino acids 44-57, where the homology between 
the yeast genes and the homoeo domains is best. 

It is very striking that the search through the whole sequence 
bank should have pointed to the MAT al and a2 genes of yeast. 
as it has been proposed”* that these code for proteins which 
control the expression of many unlinked mating genes and, in 
a/a diploid cells, possibly of sporulation genes, that is, genes 
controlling a form of cell differentiation. They could accomplish 
this by binding of their products to other regulatory loci, since 
the al gene product apparently shares homology with gene- 
regulatory proteins in prokaryotic systems™'°, particularly in 
the region of amino acids 32-49 (Fig. 1). A remote but definite 
functional similarity, possibly some kind of developmental 
switch acting at the DNA level, is suggested by the present 
homoeo domain of flies and frogs. 

The present search also reveals a mutual homology between 
the carboxyl ends of the al and a2 genes. This homology 
between the yeast proteins may have functional significance 
because al and a2 are known to act in concert?® in regulating 
gene expression in diploid cells. Interestingly, those amino acids 
shared between al and a2 are also the most conserved when 
compared with the homeeo domain (Fig. 1). This homologous 
amino acid sequence is also encoded by the gene a2 transcripts, 
which have the same DNA sequence in this region as a2, and 
for which a function has not yet been assigned’. 

At the time we found these homologies, it was believed that 
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pu Arg Tyr Gin Thr Leu Glu [leu] [Glu] Lys ciu [Pre 
thr} Arg Tyr Gin Thr Leu Glu JieuffGlu] Lys Glu [phe 
ites} Arg Tyr Gin Thr Levu Glu freuficia Lys Glu [Phe 
Arg Tyr Gin Thr Leu Glu fLeuffGlu Lys Glu [Phe 
Asn Val Arg Ile Leu Glu Ser Trp Phe Ala Lys Asn 
Pro Gin Ala Arg Ala Phe Gln val [PRe 

30 35 40 
Fars} Tle [Gla ore} Ala} His Ala Leu Cys 
faral l Ile [Glu] Met fAlaf Tyr Ala Leu cys 
laro! Ile Asp Tel Alaj Asn Ala Leu 
15591 | Ile Elne! Alaj Asn Ala Leu Cys 
[ysl Glu asn þLeul met tys asn thr [EST 

5 66 

Phe Lys Glu Asn 
Phe Lys Glu fle 
Phe Lys Asp Arg 
Phe Lys Glu Arg 
val Thr Sle Thr’ 
Val Tyr Ile Leu” 
Phe Stop 


and the frog ACI gene are 








the yeast al gene did not contain introns. However, recent 
work! has shown that the al gene has two introns, of which 
hé second (52 base pairs long) is inefficiently spliced and in 
the conserved region. The al amino acid sequences, with this 
_. Second intron unspliced and spliced, are shown in Fig. 1, and 
it is seen that in both, carboxyl ends are aligned near the end of 
the homoeo domain. This splice reveals an interesting feature, 
‘for when this intron is removed, the homology in this region is 
| maintained and even increases. Six of the nine amino acids 
: (counting from the splicing site after amino acid 48) are then the 
same as those found within the homoeo domains, and two others 
have conservative changes (arginine instead of lysine or vice 
versa). This is a very unusual event to occur by chance, for the 
probability of finding most of these homoeo domain amino acids 
correctly encoded at the unique start position following the 
splice is less than 1 in 10°. One explanation, which could be 
tested by experiment, might be that both the spliced and the 
unspliced homoeo-box-homologous transcripts are used to pro- 
& vide alternative DNA binding and control proteins, turning on 
different sets of genes for mating type and sporulation functions 
in the a and a/a type cells. The inefficient splicing already 
observed may be a first indication of this possibility, 

It is, of course, possible that the homologies found might all 
be chance events, arid more information is needed about all 
three systems—fly, frog and yeast—to prove otherwise. 
Nevertheless, it is remarkable that the yeast mating type genes 
should have been found to have homologies with these 
Drosophila homoeotic genes, because both are among the very 
few genes known to control the stable determination of cell types. 

We thank Dr A. M. Miller for allowing us to see his manuscript 
before publication and Drs T. Bickle, I. Mattaj and P. Philippsen 
for useful discussions. This work was supported by the Swiss 
NSF and the Jane Coffin Childs Fund. 

Note added in proof: The core region of best homology 

=. between the S. cerevisiae al and a2 gene products and the 

=)“ homoeo domains has recently been found to be conserved also 
< in a mating-type protein of the fission yeast Schizosaccharomyces 
=< pombe (M. Smith and D. Beach, personal communication). 
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Transcription of the immunoglobulin « light-chain genes depends 
on the presence of a TATA box upstream of the leader gene 
; segment? and is regulated by an enhancer sequence in the large 
-intron®*. In studying a rearranged mouse « light-chain gene we 
ave now found that sequences between ~—90 and —160 base pairs 
(bp) upstream of the coding region are essential for correct tran- 
ription in gene transfer experiments. This region contains the 

















deca- de seq 
TGCAECTGTGNCCAG, which we call de and pd, respectiv 
Sequences related to dc and pd were found upstream of all bum 
and mouse «-chain variable region (V,.) genes, upstream of A 
chain variable region ( V, ) genes, and within the mouse heavy-ch 
enhancer. An inverted and complementary form of the dc elem 
(ATGCAAATNA, called cd) occurs upstream of all heavy-chai 
variable region (Vu) genes. The newly defined sequences may b 
involved in the control of immunoglobulin gene transcription. 

We previously reported that a cloned « gene is not corre 
expressed in fibroblasts unless it is placed under the control 
a viral promoter’. Only incorrectly initiated transcripts are p 
duced from unmodified «-chain. genes”. Using the technique 
transferring cloned immunoglobulin genes into myeloma ¢ë 
it was shown that « gene expression requires the homologs 
cell type? and appears to be regulated by an enhancer elem 
in the large intron*®. We have now prepared several constru 
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Fig. 1 Construction of « gene recombinants containing various: 
lengths of the upstream region. The Eco RI-BamHI fragment con: 
taining the immunoglobulin x gene TI (ref. 11) with its leader (L), 
variable (V), joining (J) and constant (C) region segments wa 
shortened at its Tagl, Haelll and Sphl sites, respectively. Those 
sites were then converted into EcoRI sites. 
Methods: To construct the plasmid p370-gpt, the plasmid pT! (refi 
7) was cleaved with Taql, the ends of all fragments were filled in 
with Klenow polymerase and EcoRI linkers were added, After 
digestion with EcoRI and Xbal (at the single Xbal site of pT1) 
the EcoRI-Xbal fragment ‘containing the V region was purifi 
by agarose gel electrophoresis and ligated to the large EcoR\~Xba 
fragment of pT1, resulting in the intermediate plasmid p370. To: 
construct the plasmid pl60-gpt, EcoRI linkers were added to 
Haelll digest of pT1, recut with EcoRI and Xbal, and the V gene. 
containing the EcoRI-Xbal fragment was further treated as. 
described for p370-gpt, resulting in the plasmid p160. To construct 
p90-gpt, the SphI fragments of pT! were made blunt ended with: 
T4 polymerase. EcoRI linkers were added and the fragments recut’ 
with EcoRI and BamHI. The shortened EcoRI-BamHI fragment. 
was ligated with the large EcoRI-BamHI fragment of pBR322,. 
resulting in plasmid p90. (The Xbal cuttinggtep is not necessary: 
here as the x gene region which has creat fea and Haelll sites 
contains only one SphI site). The x gene-containing EcoRI 
BamHI fragments of plasmids pT1, p370, pi60 and p90 were 
inserted into the vector pSV2-gpt, resulting in the recombin’ints 
p870-gpt, p370-gpt, p160-gpt and p90-gpt. : 

































Fig. 2 x gene transcripts in transformed cell lines. The 
X63Ag8.653 myeloma line obtained from H. Saumweber (Tubin- 

gen) contains one K` allele (F.G.F., E. Neumann and H.G.Z., 
= manuscript in preparation) and does not produce any « gene 
_ transcripts. For transfection by the electric field method"? cell 
Suspensions were exposed to short electric impulses in the presence 
of high concentrations of dissolved plasmid DNA. The transfor- 
_ mants were isolated by gpt selection essentially as described in ref. 
10 but with stepwise increases in the concentration of mycophenolic 

acid from 0.25 to 6 pg ml"! (F.G.F. er al., manuscript in prepar- 
~ ation). Fifteen cell lines were established (90.1-90.6, 160.2-160.4 
and 870.3-870.8). Northern blot analysis was performed with total 
_ cellular RNA as described previously’. The hybridization probe 
= Was the cloned HindII|-BamHI fragment of the mouse C, region. 
_ The !.2-kb x mRNA (arrowhead) is present in myeloma T (MT)!! 
and in the p160-gpt and the p870-gpt transformants; it is absent 
_ from the p90-gpt transformants although these cells expressed x 
_ determinants in the screening procedure (see text). The 1.8-kb 
transcript band initiates in vector sequences (see also Fig. 3). It is 
~ absent from cell lines 160.4 and 870.8, probably reflecting the 
different integration sites of vector and « gene sequences in the 
host genome. Additional weak bands in the upper part of the blot 
are probably splicing intermediates while the weak band at 0.8 kb 
ey may be an aberrant splicing product. 


composed of different lengths of the region upstream of a x 
- Plasmids p90-gpt, p160-gpt, p370-gpt and p870-gpt con- 
n, in the vector pSV2-gpt (ref. 10), the mouse « gene TI (ref. 
1) with 90, 160, 370 and 870 bp, respectively, of its upstream 
region (Fig. 1). The mouse lymphoid cell line X63 Ag8.653 (ref. 
12), which does not produce « gene transcripts (Fig. 2), was 
t nsfected with the two shorter and the longest plasmids, using 
the electric field method” for transfection; 5-7% of all transfor- 
mants as selected by the gpt method'® were positive for x 
determinants according to an enzyme-linked immunoassay”. 
Fifteen transformed cell lines were established. Southern blot 
hybridization with a C, region probe revealed (data not shown) 
that all transformants contained one to five copies of the cloned 
K gene integrated into the genome. 
-specific transcripts of the transformed cell lines were ana- 
d by Northern blot hybridization (examples shown in Fig. 
. The correct 1.2-kilobase (kb) transcript as it occurs in 
myeloma T (from which the x gene TI was originally cloned) 
was found only in those cell lines which had been transfected 
with constructs containing 160 bp or more of the upstream 
gion. The absence of the 1.2-kb transcript from all six p90-gpt 
transformants shows, that sequences upstream of position —90 
are essential for corijet « gene transcription. As the amounts 
of the 1.2-kb transcript are, on the average, the same in the 
 pl60-gpt and the p870-gpt transformants, sequences upstream 


of position —160 do not seem to influence transcription in our 
System. 
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Fig.3 Determination of initiation sites of « gene transcripts. In 
S, mapping experiments’? «-specific RNAs were detected in total 
cellular RNA by an end-labelled probe™*. a, The mapping strategy. 
The 165-bp HaelIll-Sau96 fragment spanning the upstream region 
was prepared as a probe. b, The S,-protected fragments on a 12% 
polyacrylamide-urea gel. The cap site of the « gene TI is 23-25 bp 
upstream of the ATG codon”, resulting in a protected band of 
34-36 bp in the myeloma T control and the p160-gpt and p870-gpt 
transformants. RNA from myeloma X63 Ag8.653 as a negative 
control and the p90-gpt transformants do not show this band. In 
the latter transformants a 110-bp band is present, which indicates 
protection of the probe up to the Sphl site at position —90 where 
the homology between the probe and the transcript ends. This does 
not reflect a cap site but is due to the construction of the p90-gpt 
plasmids (Fig. 1); it indicates that the transcript starts upstream 
of position —90 in the vector part of the recombinant plasmid (see 
Fig. 2 legend). For clones 160.2 and 870.3, the vector-derived 1.8-kb 
band gives rise to protection of the probe in its full length. The 
corresponding band (165 nucleotides) is weak; while it cannot be 
seen in print, it is clearly visible in the original autoradiograph. 
The smear at about 20 nucleotides seen in the lanes of clones 90.1 k 
90.2 and 870.8 is due to incomplete digestion with S, nuclease. 


S, mapping experiments'* were performed to confirm that the 
transformants initiate transcription correctly (Fig. 3). The 34-36- 
nucleotide long fragments expected for correctly initiated tran- 
scripts were produced from the RNA of the p160-gpt and p870- 
gpt transformants as well as from myeloma T RNA, but were 
not seen in experiments with the RNAs from p90-gpt transfor- 
mants or control cells. S, protection experiments with a probe 
spanning the small intron demonstrated that x mRNAs of the 
p90-gpt, p160-gpt and p870-gpt transformants are correctly 
spliced (data not shown). According to fluorographic experi- 
ments (as in ref. 7), the latter two cell lines also produce x 
proteins at a similar level to the mouse lymphoid cell line NSI, 
which produces but does not secrete a « protein (ref. 15; data 
not shown). 

The apparent importance of DNA sequences upstream of 
position —90 for the correct transcription of the « gene TI 
prompted us to search in this region for sequence elements 
which are conserved among V, genes and Possibly other 
immunoglobulin genes and which might be functionally impor- 
tant. Apparently, the TATA box 51 bp upstream of the x gene 
TI and the enhancer sequence in the large intron are not 
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mouse Vi Ti ~93 (11) CTGGCCTTGAGTTAAGTGCTGACATGAG@AAGTCT 

wouse Va K2 -102 ( 28) ACAGGTCTGCAATAAGCTGCTCACCTGATGATTTC 

mouse Vk 21C -95 € 16) TCCTCTGGGTGAAACAGGGGCAGG 

souse Ve MPC1I1 “74 ¢ 1) ATACTCTCA 

human Ve HKIOL -97 © 29) 

hüman Vk Vd -97 ( 26) TECCOCTGTGCTGAGTTACTGAGATAAGCCAGCCA 
CONSENSUS we HGOOTT Get Ta Ro oT tr An AGH AR TOO 

mouse ISH enhancer S39 (5rd) TTT GGGGAAGGGAAAATAAAACCACTAGGTAAACT 

mouse VA “107 ¢ 30) TETGAACALLIACTIGIGICAGIGTAGTAGATTTCACATGACATCTTATAATAAACLTGTARATGARAG 
b es 

mouse Cx 3° 5099 € 31) ClATGCTAATAT 

human Ce 3° 807 € 32) 

mouse Cp 3’ 135 ( 33) TPATGCAAACTALACCATG-~31br-AGABATAAAAA~-SObP- 
mouse y2ə 798 (34) C|ATGCAAATGC |C 0mm AGG TAABT CAC 








mouse VH 141 -B5 ( 35) AACCTCCCCCAPATGCAAATCAYGCCCTCAGG 
mouse VH 101 “84 ( 36) AACCTCCCCCA]ATGCAAAGCA GCCCTCAGG 
mouse VH 108A ~108 ( 37) TGCTCATGAATLATGCAAATTA COTAAGTCT 
human VH HGS “117 £ 27) GTCTCATGAAT/ATGCAAATAA CCOTTAGGAT 
consensus oa Cae heirs te st aaa 
§$¥40 enhancer ( 1B) CAGGCAGAAGT] ATGCAAAGCATGCATCTCA 


Fig. 4 The dc, cd and pd related elements in immunoglobulin gene and other gene regions. The sequence elements are boxed. The numbers 

‘on the left side refer to the position of the first nucleotides of the elements (vertical arrows); for the V., V, and Vy genes the numbers: gi 
the distance to the start of the coding region; in the other sequences they are the ones used in the respective publications (references :in 
parentheses). The numbers on the right-hand side are homologies (per cent) between the elements in pi 
and cd consensus sequences, respectively. The sequences were aligned with the help of the DNMAHO program; regions homologous to 
dc, cd and pd elements were searched for by the DNSEPA program 
labelled ‘consensus’, nucleotides show up which occur in more than 50% of the sequences compared. a, dc and pd related elements upstean 
of V, and V, gene segments. Sequences are presented which show the most divergence. Sequences which are very similar to those presente: 
(mouse V,, Vin, human V,,) are not shown. The consensus sequences of the de and pd element were defined on the basis of all known moust 
V, and human V, genes. A corrected version (R. P. Perry, personal communication) of the MPC LI sequence of ref. | is shown. The published 

sequence of the gene for the MPCI1 light-chain fragment’, which has an unusually short distance between the de element and the A 
‘codon, is not included in the comparison, instead the V,21 sequence’® is shown from which the former one was supposedly derived*®. dean 
pd related elements are also found upstream of other V genes, for example, the human 
~ in similar relative positions but within different surrounding sequences (H.-G. 
_ subgroups the pd elements are more variable but still show significant homologies to the pd consensus sequence, the dc elements are hight 
homologous within all human V, genes. Pseudogenes, some of which have altered dc and pd elements, were not scored. Part of the sequen 
of the IgH enhancer is included in the comparison. A pd related element in the V, gene is-underlined. b, The cleavage polyadenylatio 
recognition signals (underlined) of two « genes and one u gene (y,) are flanked by cd and pd related elements. The splice site of the mous 
y2a hinge exon (underlined) is flanked by a cd element and by an element which is homologous to the inverted and complementary versio 
of pd. c, cd related elements upstream of Vy genes and in the 72-bp repeat of SV40. Examples of V,, gene sequences are also shown. The ¢ 
related elements which were found upstream of all sequenced Vy genes lie in some cases within a conserved segment which is discussed a 
part of a hypothetical stem-loop structure”. A computer search for de and cd elements at a 89% 
present in pBR322 (ref. 39), BKV virus“? or the human insulin gene region*' but they were found in the 5’ flanking region of the chick 
ovalbumin gene” and in the sea urchin histone gene cluster*? (preferentially in noncoding regions); de was also found in the dispers 
‘repetitive R sequences”. pd (and enhancer core) related elements were found in the neighbourhood of dc elements in, for example, the human. 
B- and e-globin gene regions“. de and pd related elements also occur upstream of the genes for mouse and human class H histocompatibili 
antigens’’~*°, another group of genes expressed in lymphocytes. 





_. sufficient to direct correct transcription. The CCAAT sequence 
«at position —97 is deleted in the non-functional plasmid p90-gpt, 
< but because this sequence is found only in some V, gene regions 
it does not seem to be a general regulatory element. However, 
sequences homologous to the decanucleotide 5’- 
TNATTTGCAT-3’ (dc element) and to the pentadecanucleotide 
5: TGCAGCTGTGNCCAG-3' (pd element) of the T1 gene are 
found upstream of all human and mouse V, genes which have 
been sequenced and also upstream of the two mouse V, genes 
(Fig. 4a). The dc and pd elements are found in the other V, 
gene regions at similar positions to those in the TI gene (for 
the V,21C sequence’® see Fig. 4 legend). The pd-related ele- 
ments are generally less well conserved than the dc elements 
(Fig. 4a). The inverted and complementary version of the dc 
element (5’-ATGCAAATNA-3’), which we call cd element, is 
found in the —100-bp region of all Vy genes. The dc, pd and 
cd elements are homologous to parts of the IgH and simian 
virus 40 (SV40) enhancer sequences**'”'* (Fig. 4a, c). This 
< homology may havea functional significance; it may also reflect 
a common evolutionary origin of regulatory elements. 
e dc, cd and pd elements are not unique to the upstream 
gions of the immunoglobulin genes. Related sequences are 





C}TGCAGCTGTGCCCAG 


TTGCAGAAAATATTCAATAAAGTGAGTCTT TEOCACTTGAGATCTC TGTCTTTCTTACTAAATGGTAGTAATC 
TIATGCTAATOT Í TGGAGGAGAATGAATABATAAAGTGAATCTT TGCACCTGTEGTTTC ITCTCTTTICCTCAATTTAATAATTATTA 


(for the programs written by P. S. Neumaier see ref. 26). In the 1 















TGATTTGCAT 
TGATTTGCAT 
TGATTTGCAT 
TCCTTTGCAT 
TCATTTGCAT 
CGATTIGCTT 


CAATAACTGGTTCCCAA 
TGC 


TGCACCTGTGTCCAG 
TGCAGCTGTGCCTAC | CC Prt 

TGCACATGGAGAAACLAGTACATATACT CCGC 
AACCECTGIGTAATT | TACTT-~~9o9-~ATGAC 
CCTGCCCCATCCCCTGC 
COTGCCCCACCCCCTGC 







CGOCAGCTGTATCCAG 





















































TGCAGCTGTG-C-A~|C-T-C-C~--C~CC-GC TGATTTGCAT 


TOTABCTGTGGTTTG) AAGAA-~64be~~TG6GG TAATTTGCAT 


TAATTYTGCAT 


ed, 


GACAGTTGTOTTTYGLCTTGCTCTGCACACACCCTGC 


TAGACCAGAGCTCCA | CTCCCGGGAGAATGGTAAGTGCTGTAA 





ed 
100 
89 
100 
100 
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the particular sequence and the de, pd 


Vam; Vam and Viy genes, which contain the element 
Klobeck, A. Meindl and M. Pech, unpublished). In th 


homology tevel showed that they were. no! 


found, for instance, near the cleavage polyadenylation recogn 
tion signals of two immunoglobulin genes (Fig. 4b) and in:t 
neighbourhood of some other genes (Fig. 4 legend). While 
functional significance of these scattered sequence elements 
unclear, it is reasonable to assume that the elements upstr 
of the V genes are involved in the regulation of transcript 
They are conserved in sequence and in their distance t 

coding region. A role in transcription is also suggested by: 
deletion analysis and by the observation that the elemen 
frequently located within DNase I-hypersensitive sites which 
in turn, play a part in gene activity (see ref. 19 for review). S 
DNase I sites are found upstream of rearranged mouse” a 
human « genes (V. Pospelov, H.-G. Klobeck and H.G.Z., m 
script in preparation). They have also been assigned to öl 
regions which contain the sequence elements (Fig. 4): upstrean 
of a Vy gene?! (tentatively), in the heavy chain enhance 
region”', and in the neighbourhood of the gleavage polyadenyla 
tion recognition signal of a human «x zef (V. Pospelov, H 
Klobeck and H.G.Z., in preparation). It hay be speculated the 
the dc and pd elements upstream of the V, genes are involve 
in tissue-specific initiation of transcription and that the de an 
cd elements are involved in the coordination of light- 


























uil the role of de, cd and pd elements in immunoglobulin 
e transcription. 
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e cyclic nucleotides cyclic AMP and cyclic GMP are important 
‘acellular messengers mediating the responses to neurotransmit- 
nd neurohormones and regulating cellular function over a 
e range of time scales’, Despite the widespread acceptance of 
| Second messenger mechanism“ in many systems, much 
ains unknown about their mechanism of action, except that 
-events are associated with increases or decreases in intracel- 
cyclic nucleotides. Quantitative descriptions of cyclic nucleo- 


nalogues, the 4,5-dimethoxy-2-nitrobenzyl esters of cyclic AMP 
cyclic GMP (Fig. 1), which are physiologically inert before 
diation and which liberate free cyclic AMP or cyclic GMP on 
rption of a photon. The thermal properties and photolysis 
es and efficiencies of light-induced release of cyclic nucleotides 
m these analogues are more favourable than for the simple 
itrobenzyl derivatives used previously“. These molecules should 
rmit intracellular ‘concentration jumps’ of cyclic AMP or cyclic 
MP to be produced in. cells under physiological investigation 
th spatial and tempéral resolution unmatched by conventional 
hniques. 

e*absorption spectra of the 4,5-dimethoxy-2-nitrobenzy! 
ters of cyclic AMP and cyclic GMP are significantly redshifted 


from the unsubstituted ø-nitrobenzyl esters", displaying 
absorption maxima at 350 nm (Fig. 2). Irradiation of the esters 
in solution at wavelengths of 280-420 nm results in liberation 
of free cyclic AMP or cyclic GMP with no detectable side 
reactions. The reaction efficiency is independent of ester con- 
centration and is constant in solutions containing up to 5% 
dimethyl sulphoxide (DMSO). The reaction efficiency is 
similarly not influenced by the ionic strength, pH or dielectric 
constant of the medium. In our optical system (xenon short-are 
flash lamp, ~200J discharge energy, ~] ms flash duration®”), 
using a 300-nm cutoff filter (Schott WG 295), ~5% of the 
molecules are converted per flash. This conversion efficiency is 
constant when irradiation is effected with light of wavelengths 
between 300 and 360 nm (using various cutoff filters) and falls 
off sharply at wavelengths > 400 nm. The efficiency of conversion 
can be improved by a factor of three when a 280-nm cutoff filter 
is substituted for the longer wavelength filters used here. An 
additional factor of two is gained when the 75-mm secondary 
focusing lens is replaced by a 50-mm lens. It is also technically 
possible to produce higher per-flash conversions by using a 
laser'™!! or by increasing the number and/or size of the storage 
capacitors in the flash lamp power supply®*. Flash photolysis 
studies indicate that after a single flash, cyclic nucleotides are 
liberated from the dimethoxy analogues in less than 5 ms (J.M.N. 
and H.A.L., unpublished), the present limit of resolution of the 
flash photolysis apparatus. This rate is ~200 times faster than 
the rate of photorelease from the unsubstituted o-nitrobenzyl 
ester derivatives (J.M.N. and H.A.L., unpublished). In contrast 
to the results obtained with o-nitrobenzyl cyclic GMP®, the 
efficiency of photorelease from 4,5-dimethoxy-2-nitrobenzyl 
cyclic GMP is equivalent to that from the cyclic AMP derivative. 
Although it is unclear why o-nitrobenzy! cyclic GMP photolysis 
proceeds with half the efficiency of the cyclic AMP analogue‘, 
preliminary results suggest that competing, secondary side reac- 
tions reduce the yield. Regardless of the correct explanation, 
we can conclude that the photolysis of 4,5-dimethoxy-2- 
nitrobenzyi cyclic GMP proceeds free of complications. 

In the absence of light, 4,5-dimethoxy-2-nitrobenzyl cyclic 
AMP causes no measurable changes in the waveform or duration 
of the action potential or the slow inward Ca?" current Ua) in 
isolated atrial trabeculae from frog heart (Rana esculenta) at 



























































] Irradiation of the 4,5-dimeth- 
~-“gxy-2-titrobenzyl esters of cyclic 
“9° AMP and ‘cyclic GMP yields 4,5- 
ae ‘dimethoxy-2-nitrosobenzaldehyde, a 
proton and the ionized acids of cyclic 
AMP or cyclic GMP. The esters were 
synthesized by modified procedures 
of those described previously””’. 
Briefly, 4,5-dimethoxy-2-nitroben- 
zaldehyde, freshly prepared and 
purified”, was converted to the tosyl- 
hydrazone derivative by refluxing 
with p-toluenesulphonylhydrazide 
in methanol (MeOH) for 6 h™*. The 
tosythydrazone which precipitates 
from the reaction mixture was 
decomposed to 4,5-dimethoxy-2- 
nitrophenyldiazonmethane by stir- 
ring in aqueous 10% NaOH for 12- 
16h at room temperature”. The 
á. crystalline diazomethane derivative 
which forms is isolated by filtration 

and is stable at 0 °C for several weeks. 
Decomposition of this compound is 

quite rapid at room temperature (tiz 
“92.3 days). The diazomethane was 
coupled directly to the free acid of 
cyclic AMPor cyclic GMP by stirring 

a concentrated solution of the re- 
actants in DMSO for l-2 days. 














The disappearance of the characteristic red colour of the diazo compound signalled completion of the reaction; alternatively, the course of the 
reaction can be monitored by TLC on silica gel (CHCI,/MeOH = 5:1, v/v). The newly synthesized esters were separated from the reactio 
mixture by preparative TLC (eluted from the silica with MeOH), recovered quantitatively following solvent evaporation and recrystallized fr 
MeOH/H,O mixtures or lyophilized dioxane/H,O. For both derivatives, the dimethoxynitrobenzyl esters crystallized as pale yellow need 
(m.p. 150-160 °C(d) and 160-180 °C(d) for the cyclic AMP and cyclic GMP analogues, respectively). The 'H-NMR (90 MHz) spectra (DMSO: 
2H) and 3.9 (s, 6H) which could be assigned to the o-nitrobenzyl moiety 
As expected’, the o-nitrobenzyl esters synthesized by this method are obtained as diastereomeric mixtures. 31P.NMR spectra (DMSO-d, 


‘X analyses (C,, column: 30% acetonitrile in H,O} revealed <2% contamination o 
52) isomers. The 4,5-di -2-ni 


“permitted separation of the axial (Rp = 0.65) and equatorial (Rp =0 


< eyolic GMP are only partially soluble in water but, if dissolved first in DMSO, then diluted into the appropri 
of several hundred micromolar can be achieved (DMSO concentrations never exceed | 
the esters are indefinitely stable in crystalline form at room temperature in the absence o 
hydrolysis to liberate free cyclic AMP or cyclic GMP; the ¢,,. values. are 36 h and 100 h for th 
room temperature (as assayed by HPLC). Frozen solutions of both compounds appear to be stable for at least 30 days. 


concentrations up to 200 pM. Higher concentrations were not 
tested, as maximal responses (~threefold increases in I; ampli- 
tude) were produced by single flashes in the presence of 100 yM 
of this compound. In the concentration range 2-100 pM, flashes 
produce large increases in the amplitude of J,; with no measur- 
able changes in the kinetics or the voltage dependence of the 
y Current (Fig. 3). The absolute magnitude of the increase in Jys 
‘the time to the peak response and the recovery time all depend 
‘on the amplitude of the concentration jump of cyclic AMP 
produced (Fig. 4), as shown previously for o-nitrobenzyl cyclic 
_ AMP®. The amplitude of the jump can be controlled by varying 
the light intensity, the wavelength of illumination or the starting 
-concentration of the ester. Presumably, the time course reflects 
the biochemical events (that is, interaction between cyclic AMP 
and cyclic AMP-dependent protein kinase(s), kinase dissoci- 
ation, protein phosphorylation/ dephosphorylation and cyclic 
AMP hydrolysis) which are thought to be involved in the regula- 
tion of I; by cyclic AMP'?"'*, The wavelength dependence of 
the increase in I; amplitude agrees in several respects with that 
expected from the solution chemistry of this compound: (1) 
light of wavelengths 300-360 nm is equally effective in increasing 
I; amplitude; (2) the response is attenuated over 360-400 nm 
and vanishes above 430 nm, and (3) at 400 nm the response is 
5% of the value at 350 nm. Following single flashes, small 
. (*2-5%), but reproducible, increases in I; amplitude are 
observed within 150-200 ms, in agreement with our previous 
findings. We have not observed increases in I,, at shorter times 
these experiments even though the nonspecific flash 




















artefacts? seem to be eliminated and these molecules al 
larger and more rapid concentration jumps than ‘the 
nitrobenzyl analogues used previously“. In similar experimen 
in the presence of the photosensitive calcium channel antag 
nifedipine'*'®, we find that flash effects are observed wi 
1 ms and are completed within 10 ms’’. The relatively slow tim 
course of the effects following cyclic AMP jumps, therefor 
seems to reflect the biochemical events thought to underlie 
modulation of T; by cyclic AMP, 

The delayed rectifier (K*) current in these cells is increas 
by cyclic AMP concentration jumps; however, the concentratii 
dependence and the kinetics of this effect do not seem to par: 
that seen in the modulation of I, (refs 6, 21). The backgro’ 
current and the muscarinic K* conductance, on the other han 
seem unaffected by cyclic AMP jumps. We find no effects. 
flashes in the presence of 4,5-dimethoxy-2-nitrobenzyl cyc 
GMP at concentrations up to 500 uM, nor are the effects 
cyclic AMP jumps attenuated or augmented when both 4. 
dimethoxy-2-nitrobenzyl cyclic AMP and cyclic GMP are pres 
ent in the perfusion solution. These findings support our p 
vious conclusions® that cyclic GMP does not modulate the slow 
inward current in frog heart’*. 

We have made no direct measuremenjs of the amount © 
cyclic AMP or cyclic GMP actually priced intracellularl 
following flashes. Because the esters probaBly equilibrate rapidi 
and the reaction efficiency is relatively insensitive to environ: 
ment, it is likely that the intracellular concentration jumps ar 
at least as large as those produced extracellularly. If so, si 








.»-dimethoxy-2-nitrobenzyl cyclic 
AMP and cyclic GMP display identical absorption spectra and, 
in-addition, react with equal efficiencies and rates to yield free 

clic AMP or cyclic GMP on absorption of a photon. In all 
physiological experiments, therefore, nitrobenzyl esters obtained 
as diastereomeric mixtures were used. 


Ausra 


50 ms 


Fig.3. Waveforms of I; and twitch tension in an isolated atrial 
fabecula in double sucrose-gap voltage-clamp conditions. The 
Ringer's solution contained | pM tetrodotoxin to suppress the fast, 
nward Na” current and-50 uM 4,5-dimethoxy-2-nitrobenzyl cyclic 
(MP. The voltage was held at the resting. potential and depolarized 
by 80. mV at 5-s intervals: The steady-state level of Ta is smallest 
nithe first sweep. One second before the second sweep a single 
lash was delivered, Qesulting in a large increase in the amplitude 
‘of I. The current gontinued to increase over the next several 
sweeps, levelled off and finally returned to the pre-flash value 
(recovery not shown). Tension amplitude increased following the 
ash with a time course and. dose dependence”®® which closely 
parallel the increase in L; 






















Time (5) 


Fig.4 Time course of the increase and recovery in Z; amplitude 
following a single light flash in preparations bathed in 10 BM (©), 
25M (C) and 100M (A) 4,5-dimethoxy-2-nitrobenzyl cyclic 
AMP. The flash was delivered at time zero and the voltage stepped 
every 6s. Other conditions were the same as for the experiment 
of Fig. 3. The absolute magnitude of the flash-induced increase in 
L is variable among preparations and dependent on the steady- 
state amplitude of the current. 


flashes here yield 0.1-5 uM cyclic AMP from starting ester 
concentrations of 2-100 uM. As preferential partitioning into 
membranes could produce non-uniform jumps, this question 
might better be approached with mem brane-impermeant 
analogues. We anticipate that light-activated cyclic nucleotides 
will be useful for the production of intracellular concentration 
jumps of cyclic AMP and cyclic GMP in virtually any cell or- 
tissue which is reasonably transparent and lacks a physiological 
response to light. In experiments like those described here, this 
technique can produce concentration steps in the range of 
0.1-10 uM following single light flashes. The absolute magni- 
tude of the intracellular jumps possible in other cell types 
would depend on the stabilities and enzymatic activities of 
these compounds in the absence of light, the details of their 
intracellular distributions, and the optical properties of the 
preparation. 

We thank Roger Spencer for assistance with the HPLC experi- 
ments and David Trentham for helpful discussions. This. 
research was supported by the NIH (grant GM-29836), by 
INSERM, France (grant 835012) and by the American Heart 
Association (Postdoctoral Fellowship to J.M.N.). We also thank 
Centre d'etudes et de Recherches Servier, Neuilly/Seine 
(France) for a travel grant to J.M.N. 


Received 31 January; accepted 12 April 1984, 


. Kupferman, 1. A. Rev. Neurosci, 2, 447-465 (1979), 

- Drummond, G. L Ade. Cyclic Nucleotide Res, 1S, 373-494 (1983). 

- Sutherland, E. W, & Rall, T. W. Pharmac. Rev, 12, 265-299 (1960). 

- Sutherland, E. W. & Robison, G. A. Pharmac. Rev. 18, 145-161 (1966). 

. Patchornik, A., Amit, B. & Woodward, R. B. 4 Am. chem, Sve. 92, 6333-6335 (1970). 

. Nargeot, J., Nerbonne, J. M., Engels, J. & Lester, H. A, Proc, namn. Acad. Sci, USA, 80, 
2395-2399 (1983), 

7. Engels, J. & Schlaeger, E. J. J. med, Chem, 20, 907-911 (1977). 

8. Lester, H. A. & Nerbonne, J. M. A. Ren. Biophys, Bioengng 11, 151-175 (1982), 

9. Nargeot, J. et al J. gen. Physiol. 79, 657-678 (1982). 

0. 

{ 


DAR wh 


. Kaplan, J. H., Forbush, B. & Hoffmann, J. F, Biochemistry 17, 1929-1935 (1978), 
. McCray, J, A, Herbette, L., Kihara, T. & Trentham, D. R. Proc. natn. Acad. Sei USA. 
TT, 7327-734} (1980), 

12. Reuter, H. A. A, Rev. Physiol. 41, 413-424 (1979), 

13. Reuter, H. A. Nature 3014, 369-574 (£983), 

14. Tsien, R. W. A. Rev. Physiol 48, 344-358 (1983). 

15. Sehlosamann, Y, K. Areneimittel- Forsch. 22, 60-62 (1972). 

16. Morad, M., Goldman, T, E. & Trentham, D., R. Nature 304, 635-638 £1983). 

17. Nerbonne, J. M., Richard, S. & Nargeat, J. (in preparation). 

18. Trautwein, W., Taniguchi, J. & Noma, A, Pfligers Arch, ges, Physiol. 392, 307-314 
(1982), 

19. Cachelin, A. B., dePeyer, J. E., Kokubun, $. & Reuter, H. Nature 304, 462-464 (1983), 

20, Bean, B. P, Nowycky, M. €. & Tsien, R. W., Nature 307, 371-375 (4984). 

21. Garnier, Di, Lester, H. A. Nargeot, J, Nerbonne, J. M. & Richard, S. J. Physiol, Lond. 
344, 38P (1983). 

22. Engels, J. & Reidys, R. Experientia 34, 14-15 (1978), 

23, Fetscher, C. A. Org. Syn. Coll 4, 735-737 (1963). 

24. Davies, H. W. & Schwarz, M. J. org, Chem. 30, 1242~1244 (1965). 

25. Ried, W. & Ritz, M. Justus Liebigs Annin Chem, 691, 50-54 (1966). 

26. Richard, S., Nerbonne, J. M., Nargeot, J. & Garnier, D. Pfltigers Arch, ges. Physigh 

{submitted}. 


T 


~, 


a 


ro kin ers ae all i 


L NATURE VOL.310 5 JULY “1988 


Science and the State 


1 ea > 


—BOOKREVIE\ 


ro. ya 


Ss 





Eric Ashby 





Empire of Knowledge: The Academy of Sciences of the USSR (1917-1970). 


By Alexander Vucinich. 


University of California Press: 1984. Pp.484. $29.95, £23.95. 





IN August 1940 the distinguished Russian 
geneticist, Academician N.I. Vavilov, was 
arrested while on a trip to the Ukraine. He 
was tried on charges of cosmopolitanism 
and of sabotaging Soviet agriculture, and 
sentenced to death, The sentence was com- 
muted to life imprisonment and Vavilov 
died in prison in Saratov in 1943, of 
pneumonia according to the police record. 
The Academy of Sciences did nothing to 
defend him. On the contrary, when the 
president welcomed T.D. Lysenko into full 
membership in 1939 he spoke with en- 
thusiasm about Lysenko’s campaign to 
make Western genetics an illegal discipline 
in the Soviet Union. The editorial board of 
the Great Soviet Encyclopedia, published 
by the Academy, were instructed to omit 
Vavilov’s name from the second edition: he 
was expunged from Soviet history. 

Less than 20 years later the Academy 
rehabilitated Vavilov as thoroughly as they 
had expunged him. They 
republished his collective works, sponsored 
numerous symposia in his honor, issued a 
volume of glowing reminiscences by friends and 
admirers. . . initiated prizes honoring his name, 
and made him one of the most popular subjects 
of biographical studies [p.320 of Empire of 
Knowledge}. 


The Academy that turned this somer- 
sault in the 1960s is now indeed what Alex- 
ander Vucinich calls it: an ‘‘empire of 
knowledge”. Its praesidium is responsible 
for scores of laboratories from Moscow to 
Siberia and Uzbekistan; it is the matriarch 
of academies in most of the fifteen 
republics; its output of publications is im- 
mense. Under the words Akademi Nauk, 
its activities cover much more than science 
and technology: the social sciences, 
history, philosophy, linguistics. It has, at 
one time or another, assumed some of the 
functions performed in Britain by the 
Royal Society, the Research Councils and 
the University Grants Committee. 

How is it that this élite coterie of scholars 
was able in 1949 to celebrate Stalin’s birth- 
day by telling him, in a telegram, that every 
science reflected his guiding ideas and 
creative genius; and, only eight years later, 
provide the scientific skills to put Sputnik 
into orbit? The answers to these questions 
reveal a saga of patient heroism against 
awful odds. Beneath the servile assertions 
that in future science would serve ideology, 
there was a steadfast loyalty to the 
autonomy of science and the integrity of 
scholarship. The wheel has turned: today 
in-the Soviet Union, ideology has to serve 
science. Persecutions continue, but it is in- 


dividuals who are harrassed, not scientific 
theories. 

The history of the Academy of Sciences 
is a drama: the struggle between those who 
rule and those who think. It is in miniature 
the history of the Russian people. In his 
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..and villain — T. D. Lysenko (1898-1976). 
masterly study of the Academy Vucinich 
writes coolly, sometimes with savage irony, 
about the episodes of tragedy and triumph 
which have brought the Academy to its pre- 
sent position of power. Every episode is 
documented: there are over a thousand 
references, nearly all of them in Russian. It 
would be unfair to Vucinich to say he writes 
with detachment (who can be detached 
about tragedy?) but he does write with 
judicial care. His book is of course col- 
oured by his convictions, but not by his pre- 
judices. 

Vucinich outlines the ancestry of the 
Academy. It began in 1725, when there was 
no higher education in Russia, and scholars 
had to be imported from abroad. It is no 
wonder that chauvinistic Russians came to 
regard it as a foreign implantation and, at 
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times of political unrest in Europe, as a 
source of subversion. ‘‘Dark forces” in the 

Academy were accused of closing its doors — 
to Russian talent; this followed the rejec- 
tion of Mendeleev’s candidature for 


membership in 1880. There were periodsof 


eclipse and recovery of its prestige. On the © 


eve of the October Revolution it had pride 
of place among scientific institutions in 
Russia but (as Vucinich puts it) ‘it was 
more asymbolic expression of achievement 


in Russian science than a real workshop of 


new ideas”. It was a Valhalla for the il- 
lustrious, not an inspiration for the young. 


This was the body inherited by the first 


Bolshevik government; under socialism it 
had to find a new identity if it was to sur- — 
vive. 

Marxism in twentieth-century Russia, 
like the Church in mediaeval Europe, had 
to permeate every vein and capillary of 
thought and belief. The first task, there- 
fore, was to harmonize the practice of - 
science with the tenets of dialectical 
materialism. To this end, a Communist — 


Po a 


O 


Academy was set up, aided by a Society of a i 
Militant Dialectical Materialists. They 
picked on members of the old guard inthe 

Academy: one for flirting with Bergsonian _ 


vitalism, another for a supine acceptance 
of the work of Einstein, another for un- 
critical faith in Mendelian theory. Their 


sole constructive task was to propound a — 


unified Marxist theory of science. In this 
task they failed. The Marxist theorists were 
split into feuding camps and, while they 
disputed among themselves, many scien- 
tific workers in the Academy of Sciences 


were able to keep a low profile and get on © 


with their research. But they worked under 
perpetual anxiety and in grim poverty: — 
“the famed mathematician A.A. Markov 
informed the Academy of Sciences that he 
could not attend the scholarly meetings 


because he did not own a wearable pair of | 


shoes’’. 
The government had the option of 


destroying the Academy or of casting itina er 


fresh mould. Fortunately Russian pride 
persuaded the government to reject the 


first option; the society whose membership — 


had included Lomonosov, Euler, Markov, 


Pavlov and Vernadskii was too valuable to — 


destroy. So they began the process of re- 


moulding. There had to be emphasis on ap- 
plied science; that was inevitable in the 
chaotic state of Russia in the 1920s. 
Lunacharskii, the minister responsible for 
education and cultural affairs, persuaded 
the government to embark on a policy of 
lavish support for the Academy. In 1925 it 
celebrated its 200th anniversary in optimi- 
stic festivity. Trotsky spoke to the assembl- 
ed guests, one of whom, the British geneti- 
cist Bateson, wrote: ‘‘it was interesting to 
hear the faith that tHe advancement of 
science is a first duty of the State proclaim- 
ed by professional politicians’. 

The Academy had survived the Octeber 
Revolution, but its optimism was soon 
dispelled. By 1929 a deliberately organized 
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__ barrage of criticism descended upon it. The 
= academicians had flagrantly violated the 
= trust put in them by the State; ‘‘super- 
_ cilious mandarins of science” were holding 
up the sovietization of the Academy. It was 
hinted that it had become a centre for 
> _ counter-revolutionary activity. By the end 
_ of 1929 there had been purges of the more 
_ Outspoken academicians; one third of the 
Persons elected between 1929 and 1931 


_ (a powerful office) was a stooge of the 
_ government. The Academy had been taken 
over by the Party. 

= The next phase in the Academy’s 
history, until Stalin’s death in 1953, is com- 

~ mon knowledge. Vucinich calls it ‘‘the tri- 

umph of ideology’’. The Communist Aca- 

_ demy had been incorporated in the Aca- 

_ demy itself, “without”, as Vucinich wryly 

says, ‘enriching it in any way”. The 

sinister shadow of Lysenko eclipsed 

__ biology. Other sciences suffered, including 

= physics, though there were a few 

disciplines, unintelligible to Marxist 

_ philosophers (crystallography was one of 

= them) which managed to avoid attack. The 

= social sciences were either suppressed or 

_ putinto a framework as rigid as that of the 

_ mediaeval astronomers. Campaigns were 

= mounted in the popular press on such re- 

= condite topics as quantum chemistry and 

_ resonance theory. At one conference a 

_ furious attack was made on the work of 

Pauling; at another there was a vilification 
= of Western cultural anthropology. The 

= pattern repeated itself: organized gangs in 

_ the audience ‘‘with no interest or compe- 
_ tence in the pursuit of science” cheered the 

_ pre-ordained victors and taunted the pre- 

_ ordained villains. 

__ And yet, in a way, it was nota “‘triumph 
__ of ideology”. For behind the servile genu- 
_ flections to Stalin, behind the abject con- 
= fessions of deviation, many scientists kept 
faith with science, and good work was 
= done. On the eve of the Second World 

= War research was being done in physical 

_ chemistry by Semenov and Flerov; Kapitsa 

was working on superfluidity in helium II; 
Kol’tsov was discovering the function of 
macromolecules in heredity. It was a period 

_ Of heroism, too. The veteran academician 

_ Prianishnikov (with whom I had long con- 
= versations when | was stationed in 

Moscow) ‘‘spent endless hours pleading 
= with police™authorities’? to release col- 

_ leagues from prison: To add to the com- 

plexity of the situation, the Academy was 
= in fact very well financed in the 1940s. 

_ Because of the demands of the war, the 

_ ideological wrangles were for a time put 

aside. Vucinich notes the paradox: 

__ “Although deeply scarred by the reign of 

terror, the Academy entered the 1940s in a 
_ State of rapid rebujlding and with a general- 

ly optimistic outlddk’’. And this, despite 
what he calls ‘‘anwoying perturbations on 
the ideological front’’. The 220th anniver- 
sary of the Academy was celebrated in 
1945, only a matter of weeks after the 
_ defeat of Germany. Bewildered guests were 
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were Marxists and the permanent secretary. 
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Peter Kapitsa (1894-1984) — kept faith with 
science, 
brought in Soviet planes from a dozen 
countries and treated to interminable 
harangues, tedious formal sessions, and.a 
banquet, attended by Stalin, on a scale 
lavish enough to have satisfied the Czars. 
But between the formalities Soviet scien- 
tists established — many of them for the 
first time — informal contact with their 
peers. After the birthday party the curtain 
came down again; cosmopolitanism re- 
mained a crime; the pressure to create a 
unique Soviet science remained a goal; 
demotion, exile, even death, remained oc- 
cupational risks of intellectuals. But the 
Soviet government was far too shrewd to 
fall behind the West as exciting oppor- 
tunities occurred in physics, cybernetics 
and biology. And so when Stalin died there 
was indeed an “‘empire of knowledge” 
ready to break the constraints imposed 
upon it for so many years. 

The rate of recovery was astonishing. 


a  NOVOST Press Agency —_————— 


s NATURE VO ien Y 1984 


DeF ale > 


Three years after Stalin’s death there was a 
successful seminar on molecular biology, a, 
subject Lysenko had banned from his insti- 
tute. By 1965 Lysenko’s last defender, 
Kruschev, had gone, and a commission was 
appointed which declared that the official 
biological doctrine established by Lysenko 
‘twas built on a combination of planned 
deceit, unfounded hopes, and transparent 
flaws in scientific premises’’. Miraculously 
the cult of anti-cosmopolitanism in science 
evaporated. But immense harm had been 
done and the State knew it, so there follow- 
ed an intense phase of expansion and 
deliberate decentralization. Too much 
science had been concentrated in Moscow, 
so whole science cities were created east of 
the Urals and a massive programme to 
recruit students from the various republics! 
was launched. The Academy, long under 
pressure to give emphasis to engineering 
and other applied sciences, reasserted its 
need to be free to pursue studies unrelated 
to immediate economic ends. The ‘‘quiet 
but stubborn resistance of a solid core of 
academicians’’ won through. 

All this, and much more, is packed into 
Vucinich’s remarkable book. It records a 
drama not only of Russian science, but of 
the Russian people. As I put the book down 
I recalled the words of the prosecutor Kiril- 
lovich in The Brothers Karamazov: 


Weare immoderate, we are an astonishing blend 
of good and evil . . . we are able to accommo- 
date every possible contradiction ... we are 
broad like Mother Russia herself; we find room 
for everything, we reconcile ourselves to every- 
thing. O 





Lord Ashby is a Fellow of Clare College, Cam- 
bridge. From 1944 to 1945 he was Scientific 
Counsellor and subsequently Chargé d’Affaires 
in the Australian Legation in Moscow. 
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The Geochronology and Evolution of 
Africa. 

By L. Cahen, N.J. Snelling, J. Delhal 
and J.R. Vail. 

Clarendon: 1984. Pp.512. £60, $110. 





The Geochronology and Evolution of 
Africa is an extraordinary achievement. 
Unlike many other books in which one or 
more editors seek to link disparate con- 
tributions from various authors, the late 
Lucien Cahen and his co-authors and col- 
laborators M. Bonhomme and D. Ledent 
have produced a text in which a rare and 
thorough scholarship shines through from 
beginning to end. In the book we have the 
latest expression of the deep connection of 
Europe with Africa, a connection which 
through colonial ties has led European geo- 
logists to become involved in and impas- 
sioned with the geology of Africa. 

This book follows an earlier work by 


Lucien Cahen and N.J. Snelling, The 
Geochronology of Equatorial Africa 
(North-Holland, 1966), but its roots go 
further back. In 1948 the late Arthur 
Holmes, who worked in Africa and col- 
laborated with Cahen, urged that isotopic / 
ages in combination with field observations 
on lithology and structure should be the 
basis for studies of the overwhelming 
diversity in the crystalline shield of Africa. 
Cahen pursued Holmes’s strategies in 
regional geochronology until his own death 
in 1982. These strategies also carried within 
them the ambition of synthesizing and thus 
understanding more clearly the geology of 
Africa, as the influential papers by W.Q. 
Kennedy in 1964 and 1965 so clearly show. 
Any review of the geochronology of 
Africa must face the problems that much of 
the information comes from samples not 
necessarily chosen for isotopic study or 
collected by geochronologists, and that 
results are often of poor analytical quality 
and based on a variety of decay constants. 
Cahen and his colleagues have addressed 
these difficulties by using the original iso- 
topic measurements to re-calculate the ages 
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using modern decay constants, quoting 
«,MSWD values for all the re-calculated 
linear regressions. The introduction 
describes these fresh calculations, discusses 
how the re-calculated ages are used, and 
reviews new methods of age determination 
and interpretation. 

The following 20 chapters describe the 
Precambrian geology of Africa, starting 
with the early Precambrian platform of 
southern Africa and ending with the Trans- 
Sahara mobile belt which extends from 
Algeria to Benin and Nigeria in the south. 
The chapters have a strong thematic 
quality which preserves the unity of the 
different aspects of the shield geology, and 
each of them is illustrated with maps and 
includes a review or synopsis. 

The last three chapters begin with a 
review of the Phanerozoic igneous activity 
in Africa (which is closely connected to the 
thermal structure established during the 
late Precambrian Pan-African tectono- 
thermal event), followed by accounts of the 
succession of tectono-thermal events in 
Africa and the authors’ conclusions con- 
cerning the evolution of the continent. 
Among these conclusions, the tectono- 
thermal and magmatic events in Africa are 
seen to have continued since early 
Archaean times with only short inter- 
ruptions around 2,440-2,275 Myr and 
1,740-1,425 Myr, this almost continuous 
history of events consisting of two similar 
sequences. The first began with the appear- 
ance of crustal stability around 2,500 Myr, 
followed by localized rifting and a 
sequence of tectono-thermal events which 
led into anorogenic granite plutonism 
down to 1,750 Myr. The second sequence 
began with local tectono-thermal events at 
c.1,400-c.1,300 Myr leading into several 
regional events through 1,185-1,140 Myr 
and c.950-c.600 Myr. This was followed by 
anorogenic granite plutonism until 425 
Myr, after which the African shield 
gradually became destabilized by rifting 
from c.200 Myr to the present day. 

By its nature this is not a book to read 
casually, yet the immense amount of 
information and the insightful and critical 
approach make it a fundamental resource 
for anyone with interests in Africa and the 
way regional geochronology leads to an 
understanding of its history. Geological 
cross-sections would have helped bring to 
life the details of the text and its numerous 
maps, and it is hard not to express some dis- 
appointment that the authors decided not 
to examine the ways in which the isotopic 
composition of strontium constrains 
African crustal evolution. 

Yet the final word must be the sense of 
authenticity which comes from the text, an 
authenticity which will be apparent not 
only to those who have first-hand know- 
ledge of Africa and its geology, but also to 
anyone who has come to value an under- 


standing of its geological history. o 





Norman K. Grant is a Professor in the Depart- 
ment of Geology at Miami University, Ohio. 
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The Great Mental Calculators: 

The Psychology, Methods, and Lives of 
Calculating Prodigies Past and Present. 
By Steven B. Smith. 

Columbia University Press: 1983. Pp.374. 
$29.50, £28. 





PRODIGIES occur in only a few fields: 
mathematics (usually in mental 
calculation), chess, music, memorization 
and languages. They intrigue us because 
their abilities are so unusual and they are 
often written about, though usually in the 
popular press where their freak value is well 
appreciated. 

The present book is the first devoted 
entirely to calculating prodigies. It greatly 
expands and extends previous, more 
general works such as A. Binet’s 
Psychologie des Grands Calculateurs et 
Jouers d'Echecs (1894), F. Barlow’s 
Mental Prodigies (1951) and R. Tocquet’s 
The Magic of Numbers (1960). Professor 
Smith’s subtitle is an accurate description 
of the contents of his book, though I find it 
convenient to consider the three main 
sections in reverse order. 

The final section, ‘‘Lives’’, gives 
detailed descriptions of 20 calculators and 
brief accounts of 21 more. A further 15 or 
so are mentioned elsewhere in the text. 
Smith is especially strong on contemporary 
calculators; about 12 of the people men- 
tioned may currently be alive. Such a figure 
indicates that the incidence is about one in 
several hundred million, that is between 5.6 
and 6.0 standard deviations from the 
mean. This seems as good a definition of 
prodigality as any, though earlier estimates 
varied from one in a thousand to one in a 
million. 

The two most notable prodigies covered 
here are George Bidder and Alexander 
Aitken. Bidder (1806-1878) was the son of 
a Devon stonemason. He discovered multi- 
plication by arranging objects in a 
rectangle, and by the age of nine could 
easily multiply two six-digit numbers 
mentally. He became an outstanding 
engineer in that era of great engineers, 
being proposer and engineer of the Victoria 
Docks in London, a founder of the Electric 
Telegraph Company and President of the 
Institution of Civil Engineers. His abilities 
as an expert witness were legendary — one 
opposing counsel asked for him to be 
barred since ‘‘nature had endowed him 
with particular qualities that did not place 
his opponents on a fair footing’’. 

Bidder was especially good on 
logarithms and compound interest. And 
two days before his death, he mentally 
calculated the frequency of red light from 
the speed of light (then taken as 190,000 
miles s~') and the fact that there are 36,918 
wavelengths per inch, obtaining the result 
444,433 ,651,200,000. 
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Alexander Aitken (1895-1967) was born — 
in New Zealand, the son of a grocer’s — 
assistant. He displayed no unusual talents Be: 
until he was 13, when a master remarked — 
that squares could be computed using — 
a? = (a + b)(a-b) + b?. From then he ~ 
spent the next four years practising mental — 
calculation; in 1916, in a remarkable feat, 
he recalled all the details of men in a 
platoon when the roll-book was lost ina — 
.raid, Aitken eventually became professor 
of mathematics at Edinburgh University 
and a Fellow of the Royal Society. His 
speciality was the extraction of non-integral 
roots (for example v51 = 7. 141428428557, _ 
where the last two places should be 43) and 
finding decimal expansions of rationals 
(for example the 96 figures of the — 
expansion of 1/97). 

Both Bidder and Aitken stand out for — 
two further reasons. Each wrote extensive — 
descriptions of his methods, and each — 
made wide use of his skills in his — 
professional life, applying mathematics to Fy 
develop further calculational methods and 
to extend the range of problems susceptible _ 
to mental calculation. ss 

The second section, ‘‘Methods’’, is the 
briefest and covers the techniques actually 
used by calculators. Though the mathe- 
matics is usually straightforward, the — 
application is often remarkably ingenious 
and skilfully arranged to minimize memory 
load. Using some of these ideas anda little 
practice, 1 think anyone could mentally _ 
square a two-digit number and perhaps 
multiply two two-digit numbers. More _ 
interesting are the methods used for non- 
integral roots, logarithms, compound — 
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Robert Boyle’s experimental apparatus in which 
air was evacuated from a gaamber containing an 
animal, thus asphyxiating the animal and 
showing that ‘“‘there is iif the Air a little vital 
Quintessence”. The illustration is taken from 
Mary A.B. Brazier’s A History of Neiro- 
physiology in the 17th and 18th Centuries, 
published by Raven price $81. 
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ing, though = were 
ly used by more sophisticated calcu- 
ors, 

Inthe first section of the book — dealing 
ith: psychology — Smith discusses the 
farious factors relating to mental calcu- 
lation, drawing on the mathematical and 
jiographical material summarized in his 
er sections. Here he presents a thesis that 
ntal calculation and language are the 


inguist). He makes a reasonable case for 
his, though it does lead him away from the 
ain stream of his material. 

found two other themes in this first 
ection. First, there has been surprisingly 
ttle experimental work with prodigies, 
and there seems to be little agreement as to 
vhat should be tested and how. Second, 
nany of the common conceptions about 
rodigies are false. 

-For example, it is widely thought that 
culators have a photographic memory 
nd “see” numbers. Binet was the first to 
iscover that this is not necessarily the case. 
is subject definitely heard numbers and 
ad not learned written numbers until after 
mental powers were developed. About 
alf the prodigies are ‘‘auditors’’ and there 
; a-blind prodigy who feels numbers. In 
ddition it is clear that while the memory of 
rodigies is good for what they are 
terested in, it is often not exceptional in 
ther ways; indeed musicians, actors, 
linguists and so on routinely perform more 
markable feats of memory. All the 
alculators agree that some mental 
calculation and memorization can be 
achieved by anyone with sufficient interest. 
Also there is the myth that exceptional 
mental powers are the perogative of 
treme youth. Several prodigies in fact 
arted in their teens and three con- 
temporary ones started in their twenties. 
most all retained their powers through- 
out life. And although there is a dis- 
proportionate number of idiots savants and 
f geniuses among them — about eight of 
each among the 70-odd cited by Barlow, 
ocquet and Smith — the remaining 50 or 
sọ prodigies appear to have been fairly 
normal or successful in life. 

Finally, there is one commonly held 
lief that is valid — most prodigies are 
deed male (only six females are 
entioned by Smith). Heredity does not 
m to be a factor, the only cases where 
ental calculation runs in a family being 
re there is clear influence among the 

Iculators. 

_ Professor Smith has written a quite 
fascinating book and has also done a useful 
job in bringing together all of this inform- 
ation. The study of prodigies has much to 
ffer the disciplines of psychology, 
mathematics and linguistics, and this book 
ill have performel a valuable service if it 
evokes researc into their unusual 





David Singmaster is Reader in Mathematics at 
hi Polytechnic of the South Bank, London. 
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Workers at Risk: Voices from the 

Workplace. 

By Dorothy Nelkin and Michael S. 
Brown. 

University of Chicago Press: 1984. 
Pp.222. $20, £17. 





“They have government agencies that protect 
you if you buy a defective washing machine or if 
your car doesn’t steer straight, but nobody’s 
interested in chemicals”. 

“This government is obviously disengaging 
itself wholesale from worker safety”. 

“OSHA [the US Occupational Safety and 
Health Administration] is what we have to work 
with, and OSHA is nothing....1 realized how 
ineffective OSHA really is”. 

“Twouldn’t dare call OSHA. Our jobs would be 
in jeopardy. We would be gone within a 
month’’. 

“You have to sneak just for your own safety”. 
“The company always knows when OSHA’s 
coming because when OSHA’s coming we never 
have the same fumes as we have when OSHA’s 
not coming’’. 


THESE are the voices of disenchanted 
workers in the United States, taken from 
Dorothy Nelkin and Michael Brown’s 
innovative and perceptive book. There are 
many who will object to it — captains of 
industry will find it hurtful; and those in 
government charged with the responsibility 
for workers’ safety and health will be stung 
by the accusations that not only are they 
doing little about improving safety, but 
that they are actually making things worse 
by weakening some of the legislation on the 
subject. 

These are harsh judgements but they are 
no less valid because they are made by 
people with a vested interest in protecting 
their own health. It is rare to find a book 
which gives workers the opportunity to 
voice their misgivings. More usually such 
comments are sanitized in some govern- 
ment report or rendered even more anony- 
mous as just another statistic. The value of 
Workers at Risk is that its subjects are 
recognizable. They are men and women 
employed in all manner of jobs — chemical 
operators, laboratory technicians, railroad 
workers, orchard workers, painters, 
sculptors, deckhands are but a few — 
where they come into contact with 
chemicals. If they have one complaint in 
common, it is that they do not know 
enough about the danger of the materials 
they work with. 

In some ways these individuals are the 
dispossessed — they have nothing to offer 
but their labour and in a recession even that 
comes into jeopardy. Fighting for better 
safety might make them marked 
individuals, and the first to be fired when 
redundancies are made. As the book makes 
clear, workers in plants that are unionized 
have a much better chance of implementing 


changes than their peers in non-union 


In the former, the whole of the 


workforce can be relied on to demand | 


changes, whereas in the latter it is up to 
individuals with the consequently greater 
threat of being victimized or fired. 

There is resentment too over the actions 
of the workers’ watchdog, the Occupa- 
tional Safety and Health Administration. 
Charged under the 1970 Occupational 
Safety and Health Act with setting 
standards and policing them, the agency 
has been less active recently than it was in 
its formative years, particularly when Dr 
Eula Bingham, a well known toxicologist, 
was OSHA assistant secretary from 1977 to 
1980. Bingham gave the agency a sense of 
purpose. Mere tinkering with the system 
was not her idea of how to prevent occupa- 
tional illness, and she introduced new 
health regulations which were supported 
by the labour unions but, predictably, 
opposed by industry. 

President Reagan’s appointee to head 
OSHA in 1980, Thorne Auchter, a Florida 
construction contractor, has a different 
philosophy. He believes the industry can 
protect its workforce more efficiently 
without government interference. To this 
end, Auchter revoked or reinterpreted 
many of the regulations introduced in the 
1970s. As aresult inspections are down bya 
third, citations for violations are down by 
at least that amount and the backlog of 
worker complaints has risen by 105%. 

None of these developments are reassur- 

ing to the people represented in the book. 
As a computer assembler put it: 
. . . who are we going to fall back on, especially 
those workers who don’t have a union to protect 
them? Our only alternative is supposedly our 
government, but it doesn’t seem to be our’s 
anymore, so we're going to have to find new. 
ways of protecting ourselves. 


Such words may sound like a threat of 
anarchy, but that would be the wrong inter- 
pretation. The lesson is not that industry 
will suffer unduly — the workers still want 
their jobs — but that it can be made safer. 
And if the government agencies are not 
going to provide the assistance they could, 
then individuals will have to find out 
information for themselves. More people 
than ever recognize the long-term health 
effects of exposure to chemicals and this 
widespread, critical awareness is certain to 
increase. Although critics dismiss such 
fears as ‘“‘chemophobia’’, there is no 
getting away from the fact that people are 
worried, genuinely so, about exposure to 
chemicals. 

Toxicologists may find some of the 
arguments in the book specious, and some 
of the fears unfounded, but it is hardly the 
fault of the men and women concerned. 
Most lack the knowledge which would 
reassure them and lead to a change in 
habits. Workers at Risk is a provocative 
book which will be invaluable in spreading 
that message. 0 











Alastair Hay is a Lecturer in the Departimertt f 
C hermical Pamolosn niversity of Leeds. 
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Abstracts. M. MOO-YOUNG et al. (eds), Pergamon: 
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Energy Resources through Photochemistry and 
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Engineering Risk. Institution of Professional 
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Microcomputers and Laboratory Instrumentation. 
By DAVID J. MALCOLME-LAWES. Plenum: 1984, 
Pp, 246. ISBN 0-306-41668-9. Np. 





Biological Sciences 


Minimal Residual Disease in Acute Leukemia: 
Developments in Oncology. B. LOWENBERG and A. 
HAGENBEEK (eds). Martinus Nijhoff: 1984. Pp.401. 
ISBN 0-89838-630. DJI. 165, £41.95. 

Mitochondria 1983; Nucleo-Mitochondrial 
Interactions, R.J. SCHWEYEN et al. (eds). Walter de 
Gruyter: 1983. Pp.648. ISBN 3-11-0098717. DM 240. 

The Molecular Biology.of Adenoviruses 1. Current 
Topics in Microbiology and Immunology, Vol, 109. 
WATER DOERFLER (ed). Springer-Verlag: 1983. 
ISBN 3-540-13034-9/0-387-13034-9. Dm 118, $45.80. 

Molecular Pathology of Nerve and Muscle: Noxious 
Agents and Genetic Lesions, ANTONY D. KIDMAN 
et al. (eds). Humana Press: 1984. Pp.432, ISBN 
0-89603-05 7-1. $59.50. 

The Mollusca, Vol. 5. Physiology, Part 2. A.S.M. 
SALEUDDIN and K.M. WILBUR (eds). Academic: 
1983. Pp. 500. ISBN 0-12-751405-8. 362. 

Mouse Mammary Tamor Virus. Current Topies in 
Microbiology and Immunology, Vol. 106. P.K. VOGT 
and H. KOPROWSKI (eds). Springer-Verlag: 1983. 
Pp. 103. ISBN 3-540-12828-X./0-387-12828-X, DM 58, 
$22.50. 

Myocardial Infarction and Cardiac Death. E. 
MARGULIES (ed.).. Academic: 1983. Pp.218. ISBN 
0-12-471350-5, $32.50. 

Neuroethology. By JEFFREY M. CAMHI. 
Blackwell Scientific: 1984. Pp.416. ISBN 
0-87893-075-2. £24. 

Neuromuscular Diseases. GEORGES 
SERRATRICE eral. (eds). Raven: 1983. Pp.630. ISBN 
0-89004-970-X, $118. 

Neutrons in Biology. Basic Life Sciences, Vol. 27. 
BENNO P. SCHOENBORN (ed.). Plenum: 1984. 
Pp.462. ISBN 0-306-41508-9. $59. 80. 

Nutrition and Feeding Strategies in Protozoa. By B. 
NISBET. Croon Helm: 1984. Pp.280. ISBN 
0-7099- 1800-3. £19.95. 

Nutritional Adaptation of the Gastrointestinal Tract 
of the Newborn. N. KRETCHMER and A. 
MINKOWSKI (eds). Raven: 1983, Pp. 239. ISBN 
0-89004-905-X. $37. 

Occupational Lung Disease. J. BERNARD L. GEE 
etal, (eds). Raven: 1983. Pp. 296. ISBN 0-89004-900-9. 
349, 

Peptide and Protein Reviews, Vol. 2. MILTON T.W. 
HEARN (ed.), Marcel Dekker: 1984. Pp.296 ISBN 
0-8247-7135-4. SwFr, 146, 

Physiology of the Human Body, 6th Edn. By 
ARTHUR C. GUYTON. Saunders College 
Publishing: 1984. Pp.691, ISBN 0-03-058339-X. Np. 

Plant and Fungal Toxins. Handbook of Natural 
Toxins, Vol.1. RICHARD F. KEELER and 
ANTHONY T. TU (eds). Marcel Dekker: 1983. 
Pp.934. ISBN 0-8247-1893-3. SwFr. 392. 

Plant Poisoning in Animals: A Bibliography from the 
World Literature 1960-1979. Commonwealih 
Agricultural Bureaux: 1984. Pp.40. Pbk ISBN 
0-85198-525-4, £12, $25.20. 


Primary Immunodeficiency Diseases. R.J. 


WEDWOOD, F.S. ROSEN and N.W. PAUL (eds). į 


Alan R. Liss: 1983. Pp388. ISBN 0-845 1-1054-3, £78. 

Princes and Peasants: Smallpox in History. By 
DONALD R. HOPKINS. University of Chicago Press: 
1983. Pp.380. ISBN 0-226-35176-9, £21.25. 

Proceedings of the First International Symposium on 
Light and Oxygen Effects on the Eye. 5.D. VARMA 
and S. LERMAN (eds). IRL Press: 1984. Pp.278. Pbk 
ISBN 0-904147-62-2. Pbk £20, $40. 

Recent Advances in Male Reproduction: Molecular 
Basis and Clinical Implications. Serono Symposia 
Publications, Vol. 7. R. D'AGATA et al. (eds). Raven: 
1983. Pp.350. ISBN 0-89004-918-1, $61, 

Reproduction in Mammals, 2nd Edn, Hormonal 
Control of Reproduction, Book 3. C.R. AUSTIN and 
R.V. SHORT (eds). Cambridge University Press: 1983. 
Pp.244. Hbk ISBN 0-521-25637-2; pbk ISBN 
0-521-27594-6. Hbk £22.50; pbk np. 
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Reproductive and Developmental Toxicity 
Metals. T.W. CLARKSON, G.F. NORDBERG 4 
P.R. SAGER (eds). Plenum: 1983. Pp.845. [Si 
0-306-41396-5. $115. 

Retroviruses 2. Current Topics in Microbiology 
Immunology, Vol. 107. P.K. VOGT. andi: 
KOPROWSKI (eds). Springer-Verlag: 1983, Pp, 
ISBN 3-540-12384-9/0-387-12384-9. DM 96, $37.30. 

Scleroderris Canker of Conifers. Forestry Scienci 
PAUL D. MANION (ed.). Martinus Nijhoff/Dr 


Sexual Differentiation: Basic and Clinical Aspe 
Serono Symposia Publications from Raven Press; V 
11, Raven: 1984. Pp, 384, ISBN 0-89004-3 16-7. $3. 

Special Topics in Endocrinology and Meta 
Vol, 5. MARGO P. COHEN and PIERO P. FO 
(eds). Alan R. Liss: 1984. Pp. 310. ISBN 0-845 1-07 
£37, ; 

Structure and Function in Excitable Cells. 
CHANG ef al. (eds). Plenum: 1983. Pp. 499. E 
0-306-41338-8. 565. 

Synergetics of the Brain. Springer Series 
Synergetics, Vol. 23. E. BAŞAR ez al. (eds), Springer- 
Verlag; 1983. Pp. 377. ISBN 3-540-1296 
0-387-12960-X, DM 88, $34.20. 

The Target of Penicillin: The Murein Sacculu 
Bacterial Cell Walls’ Architecture and Growth 
HAKENBECK et al. (eds). Walter de Gruyter: 198. 
Pp.663. ISBN 3-11009705-2. DM 180. . 

Time Resolved Fluorescence Spectroscopy in Bi 
chemistry and Biology. NATO Advanced Scien 


DALE. {eds}. Plenum: 
0-306-41476-7. $110. 
Topics in Photomedicine. KENDRIC C. SMIT 
(ed.). Plenum: 1984. Pp.403. ISBN 0-306-41510-0.:-$6. 
Toxins as Toots in Neurochemistry. F. HUCHO 
Y.A, OVCHINNOKOV (eds). Walter de Gruri 
1983. Pp. 368. ISBN 3-11-009593-9. DM 180. : 
Treasure of the Sea: Marine Life of the Pacific North: 
west. By JAMES CRIBB. Oxford University Pre 
1984. Pp. 96, ISBN 0-19-5404 18-1, £21. 
Trees and Networks in Biological Models; By. 
MacDONALD. Wiley: 1983. Pp. 215, IXB. 
0-471-10508-2. £18, $33. 75, 
Tumor Viruses and Differentiation, : 
SCOLNICK and A.J. LEVINE (eds). Alan Re 
1983. Pp. 476, ISBN 0-8451-2604-0.. 588; > =: 
Tutorials in Learning and Memory: Essays i 
of Gordon Bower. JOHN R. ANDERSON and 
KOSSLYN (eds). W.H. Freeman: 1984. Pp:264. 
ISBN 0-7167-1570-8; pbk IS8N OPO Hb 
£21.95; pbk £11.95. 
Urologic Cancer: A Multidisciplinary Perspediiv 
M.B. GARNICK and J.P. RICHIE (eds). Plenu 
1983. Pp.275. ISBN 0-306-41473-2. $35, 
Vagal Nerve Function: Behavioral and Methologic 
Considerations, J.G. KRAL et al. (eds). Elsevier: 198: 
Pp.345, ISBN 0-444-80550-8. $40, Df! 104, a 
Vascular Neuroeffector Mechanisms: 4th Inte 
tional Symposium. J.A. BEVAN et al, (eds). Rave 
1983. Pp, 455. ISBN 0-89004-738-3, $93. 
Vertebrate Natural History. By MARY 
WILLSON. Saunders College Publishing: 1 
Pp. 621. ISBN 0-03-061804-5. Np. $ 
The Wildlife and Nature Photographer's 
Guide, By MICHAEL FREEMAN. Croom Heli 
1984. Pp.223. ISBN 0-7099- 1025-8. £8.95. 


1983. Pp.778. ISE 





Applied Biological Sciences 
Advances in Biotechnological Processes, Vol. 
AVSHALOM MIZRAHI and ANTONIUS L. VAl 
WEZEL (eds). Alan R. Liss: 1983. Pp.6/2. ISBN 

0-845 ]-2607-5, £58. ; 

Advances in Cancer Research, Vol. 40. G. KLEIN 
and S. WEINHOUSE (eds). Academic: 1983..Pp.44. 
ISBN 0-12-006640-8. $34. ; 

Advances in Human Gen@fics, Vol. 13. H. HARRIS 
and K. HIRSCHHORN (eds). Plenum: 1983. Pp.31 
ISBN 0-306-41431-7. $42.5@ 

Advances in Pain Research and Therapy: New 
Mechanisms of Pain, Vol. 6. LAWRENCE KRWGER 
and JOHN C. LIEBESKIND (eds). Raven: 198. 
Pp.384. ISBN 09-89004-921-1. $61. 





Antibodies: Their Structure and Function. Outline 
udies in. Biology. By M.W. STEWARD. Chapman 
d Hall: 1984. Pp.96. ISBN 0-4 12-25640-1. Pbk £3.25. 
pplication of Biological Markers to Carcinogen 
esting, H.A. MILMAN and S. SELL (eds). Plenum: 
83). Pp. 516. ISBN 0-306-41490-2. $69. 50. 
plication of Physics to Medicine and Biology. G. 
LBERI, Z. BAJZER and P. BAXA (eds). World 
entific: 1983. Pp.663. ISBN 9971-950-42-1; pbk 
IN 9971-950-43-X, Hbk £50, $70; pbk np. 
Aspects of Human Genetics: With Special Reference, 
X-Linked Disorders. C. SAN ROMAN and A. 
'DERNOTT (eds). Karger: 1984, Pp. 156. SwFr.98, 
n117, $58.75. 
therosclerosis: Mechanisms and Ap 
rapy. N.E. MILLER (ed.). Raven; 1983 
N 0-89004-898-3. 356. 
jochemical Engineering IH. Annals of the New 
York Academy of Sciences, Vol, 413. K. 
NKATASUBRAMANIAN ef al. (eds), The New 
‘ork: Academy of Sciences: 1983. Pp.562. Hbk ISBN 
19766-221-0, pbk ISBN 0-89766-221-0. Pbk $112. 
Biological Response Modifiers: Subcommittee 
‘port Monograph 63. PETER GREENWALD and 
IZABETH K. WEISBURGER (eds). US Govern- 
ent Printing Office: 1984. $10. 
Biological Rhythms and Medicine: Cellular, 
etabolic, Physiopathologic, and Pharmacologic 
pects. Topics in Environmental Physiology and 
ledicine, By ALAIN REINBERG and MICHAEL H. 
IOLENSKY. Springer-Verlag: 1983. Pp.305. ISBN 
540-90791-2/0-387-90791-2. DM 185, $71.80. 
Biotechnology: A Comprehensive Treatise in 8 
olumes, Vol. 5. G. REED (ed.). Veriag-Chemie: 1983. 
031, ISBN 3-527-25 767-5 /0-895 73-045-6. DM 425. 
Biotechnology & Genetic Engineering Review 
Volkl. G.E. RUSSELL (ed.). Intercept, PO Box 2, 
mteland, Newcastle upon Tyne, England: 1984. 
Pp.437? {SBN 0-946707-01-4. £40, $79. 
Brain Tumors in Children: Principles of Diagnosis 
and Treatment. The International Review of Child 
Neurology. By MICHAEL E. COHEN and 
PATRICIA KRESSEL DUFFNER. Raven: 1984. 
Pp:378. ISBN 0-89004-935-1. $56. 
“Calcium Antagonists and Cardiovascular Disease. 
Perspectives in Cardiovascular Research, Vol. 9. L.H. 
. 1983. Pp.397. ISBN 0-89004- 





necer Prevention in Clinical Medicine. GUY R. 
[EWELL (ed.). Raven Press: 1983. Pp.257. ISBN 

0-89004-822-3, $55. 

“Cardiovascular Pharmacology, Jad Edn. 
ICHAEL J. ANTONACCIO (ed.). Raven: 1983. 

592, ISBN 0-£89004-872-X, $49, 

‘The Chemotherapy of Psoriasis. International 

yelopedia of Pharmacology and Therapeutics 

tion 110, H.P. BADEN (ed,). Pergamon: 1984. 

344. ISBN 0-08-029823-0. £40, $80. 

Clinical Aspects of Essential Hypertension, Vol. 1. 

ndbook of Hypertension. J.1.$. ROBERTSON 

(ed.). Elsevier: 1983. Pp. §17, ISBN 0-444-90307-0. DJI. 

k; $86. 

‘Clinical Aspects of Secondary Hypertension, Vol. 2. 

andbook of Hypertension. J.LS. ROBERTSON 

» Elsevier: 1983. Pp.333. ISBN 0-444-90308-9. Dfl. 

$79, 

Clinical in Vitro Fertilization. CARL WOOD and 
AN TROUNSON (eds). Springer-Verlag: 1984. 

212. ISBN 3-540-12812-3/0-387-12812-3. DM 85, 


‘Fhe Clinical Research Process in the Pharmaceutical 
Industry, Drugs and the Pharmaceutical Sciences, Vol. 
ARY M. MATOREN (ed.). Marcel Dekker: 1984, 
76. ISBN 0-8247-1914-X. Swkr. 163. 

Cochlear Implants in: Clinical Use. “Advances in 
\iidiology, Vol. 2. W.D. KEIDEL and P. 
FINKENZELLER (eds). Karger: 1984: Pp.176. ISBN 
OSS-3721-2, SwFr. 140; DM 168, 3 84. 
Commentaries on Researchin Breast Disease, Vol. 3. 
D. BULBROOK and D.J. TAYLOR (eds). Alan R. 
2983. Pp. 216. ISBNO-8451-1902-8. $42. 
Complications in Neurosurgery 1. A.M. 
ANDOLT (ed.). Kaker: 1984, Pp.172. ISBN 
1S5-3691-7, SwFr. 98, DM 117, $58, 75. 

Computed Tomography of the Thorax. DAVID P. 
AIDICH er af. (eds). Raven: 1983. Pp.326. ISBN 
982-3. $81, 











Continuous Transcutaneous Blood Gas Monitoring. 
Reproductive Medicine Series, Vol. 5. R. HUCH and 
A. HUCH (eds). Dekker: 1983. Pp.872. ISBN 
0-8247-1794-5, SwFr, 254. 

The Control of Tumour Growth and its Biological 
Bases. Developments in Oncology. W. DAVIS ef al. 
(eds). Martinus Nijhoff: 1984. Pp.466. ISBN 
0-89838-603-9. Dfi. 200, $77, £50. 75. 

Crop Breeding: A Contemporary Basis. P.B. VOSE 
and S.G. BLIXT (eds). Pergamon: 1983, Pp.443. ISBN 
0-08-025505-1. £50, $90. 

Developmental Pharmacology. Progress in Clinical 
and Biological Research, Vol. 135. STUARTS M. 
MACLEOD et al. (eds). Alan R. Liss: 1983. Pp.450. 
ISBN 0-8451-0135-8. £60. 

Developmental Processes in Normal and Diseased 
Muscle: Experimental Biology and Medicine Vol. 9. 
H.M. EPPENBERGER and J-C. PERRIARD (eds), 
Karger: 1984, Pp.293. ISBN 3-8055-3765-4, SwFr. 190, 
DM 228, $114. 

Diabetes Mellitus: Etiopathogenesis and Metabolic 
Aspects. F. BEFIORE er al. (eds). Karger: 1984. 
Pp.282. ISBN 3-8055-3771-9. SwFr. 212, DM 254, 
$127. 

Difficult Decisions in Medical Ethics, Progress in 
Clinical and Biological Research, Vol. 139, DOREEN 
GANOS et al, (eds). Alan R. Liss: 1983. Pp,234. ISBN 
0-845 1-0139-0, £29. 

Drug Metabolism and Drug Toxicity. JERRY R. 
MITCHELL and MARJORIE G. HORNING (eds). 
Raven: 1983, Pp.436. ISBN 0-89004-997-1. $97. 

Drugs, Neurotransmitters, and Behavior, Vol. 18. 
Handbook of Psychoparmacology. LESLIE L. 
IVERSEN er al. (eds). Plenum: 1984. Pp. 532. ISBN 
0-306-41415-5. £65. 

Endocrine Mechanisms in Fertility Regulation. G. 
BENAGIANO and E. DICZFALUSY (eds). Raven: 
1983. Pp.366. ISBN 0-89004-464-3, $67. 

The Epidemiology of Cancer. GEOFFREY J. 
BOURKE (ed.). Croom Helm: 1984. Pp.373. ISBN 
0-7099-0670-6, £19.95. 

Epidemiology of Natural Disasters. Vol. 5. 
Contributions to Epidemiology and Biostatistics. By J. 
SEAMAN. Karger: 1984. Pp.177. ISBN 3-8055-3779-4. 
SwFr. 148, DM 177, $88.75. 

Evoked Potentials in Clinical Medicine. By K.H. 
CHIAPPA. Raven: 1983. Pp.352. ISBN 
0-89004-777-4. $42.50. 

Experimental and Clinical Interventions in Aging. 
RICHARD F. WALKER and RALPH L. COOPER 
(eds). Marcel Dekker: 1983. Pp.448& ISBN 
0-8247-7012-9. 

Exploring the Heart: Discoveries in Heart Disease 
and High Blood Pressure. By JULIUS H. COMROE. 
W.W. Norton; 1983. Pp. 348. ISBN 0-393-01708-7. Np. 

Etrahepatic Drug Metabolism and Chemical 
Carcinogenesis. J. RYDSTRÖM ef al. (eds). Elsevier: 
1984. Pp.630. ISBN 0-444-80538-9. Dfl. 259, $110.25. 

Farm Animals; Husbandry, Behavior and Veterinary 
Practice. By MICHAEL W. FOX. University Park 
Press: 1984. Pp.285, ISBN 0-8391-1769-8. Np. 

Gaseous Air Pollutants and Plant Metabolism. By 
M.J. KOZIOŁ and F.R. WHATLEY. Butterworths: 
1984. Pp.466. ISBN 0-408-11152-6. £50. 

Genetic Control of Environmental Pollutants, Basic 
Life Sciences, Vol. 28. GILBERT S. OMENN and 
ALEXANDER HOLLAENDER (eds). Plenum: 1984, 
Pp, 408, ISBN 0-306-41624-7. $55. 

Genetic Engineering Applications to Agriculture. 
LOWELL D. OWENS (ed.). Granada Publishing, 8 
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0-246-11947-0. £25. 

Genotoxicology of N-Nitroso Compounds. Topics in 
Chemical Mutagenesis. T.K. RAO ef al. (eds). Plenum: 
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Hormonally Defined Media: A Tool in Cell Biology. 
G. FISCHER and R.J. WIESER (eds). Springer- 
Verlag: 1983. Pp.455. ISBN 3-540-12668-6/0-387- 
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therapy in the Treatment of Cancer. Frontiers of | 
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Pbk ISBN 0-713 1-2880-1, Pbk £3.35, 
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EN 


Radiation Carcinogenesis: Epidemiology and 


Biological Significance. Progress in Cancer Research 
and Therapy, Vol.26. JOHN D. BOICE Jr and 
JOSEPH F. FRAUMENI Jr. (eds). Raven: 1983. 
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PRODUCT REVIEW 


New for microscopy 


The following pages concentrate on equipment for microscopy. Many of the products will be on 
view at the Micro ’84 exhibition at Bloomsbury Crest Hotel, London, on 9-13 July. 


@ Imagex is a new data and processing 
software package which combines the 
scanning capability of an electron micro- 
scope with the computation power and 
display flexibility of the Kevex Micro- 
analyst 8000. By means of a few simple 
menus, Imagex controls: acquisition dwell 
times; data storage size (8 or 16 bits); array 
sizes and ADC parameters. Images can be 
created from any digital or analog signal: 
X-rays; secondary electrons; back-scatter- 
ed electrons; specimen current; Auger elec- 
trons and transmitted electrons. New im- 
ages can be created from old ones using not 
only arithmetic functions, but also user- 
specified logical algorithms. 

Circle No. 100 on Reader Service Card. 


© The Philips SEM 505 all-purpose scan- 
ning microscope is now available with 
facilities for the automation of laborious 
procedures. Machine-intelligent decision 
making computer interfacing makes possi- 
ble preprogrammed microanalysis, multi- 
point metrology, elemental mapping and 
linewidth measurement (in integrated cir- 
cuits). The SEM 505 also offers a wide 
choice of illumination options including 
tungsten or lanthanum hexaboride emitters 
and low-voltage capability down to 200 
volts EHT, for efficient viewing of delicate 
or uncoated samples in both biological and 
materials science applications. 

Circle No. 101 on Reader Service Card. 


@ A precise three-dimensional micro- 
manipulator, the World Precision Instru- 
ments Model 10000 features a sturdy 
elevated based for use where additional 
height is needed. Inverted microscope 
stages, for example, require a manipulator 
six inches or more above the table top. The 
elevated base anchors to the work surface 
via very strong permanent magnets. The 
Model 10000 features positional resolution 
of 0.1 um and a coarse movement in excess 
of 1 inch in the x, y and z dimensions, 
Remote hydraulically coupled micrometers 
are also available . 

Circle No.102 on Reader Service Card. 


@ The Reichert-McBain System II is a 
computer-controlled intelligent measuring 
and positioning system. Designed specially 
for high-speed precision inspection and 
measurement of critical dimensions, the 
system is ideal for linewidth measurements 
on wafers, hybrids, and masks, and also 
for measurements of the critical dimen- 
sions/alignment of computer read/write 
heads. MAPS can also be used for end- 
geometry measurement in optical fibre 
quality assurance. 

Circle No. 103 on Reader Service Card. 








Kevex Microanalyst 8000. 

@ The Olympus Vanox-S photographic 
research microscope incorporates 
automated control of all adjustments. In- 
tensity, objective selection and Koehler il- 
lumination adjustment are automatically 
set to suit the objective chosen by the 
operator. Any one of the three cameras, 
two 35mm and one large format, can be 
brought into operation and the operator 
can see exactly what the camera does 
through the instrument’s reflect viewing 
system. 

Circle No. 104 on Reader Service Card. 
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WPI’s new micromanipulator. 

@ Edax UK has introduced the new Econ 
IV detecting unit for energy dispersive 
analysis for all elements in the periodic 
table from boron (atomic number 5) up- 
wards. Econ IV costs little more than a 
standard energy dispersive detector, bring- 
ing light element analysis capability to a 
wider spectrum of users. A wide range of 
electron microscope interfaces is also avail- 
able. 


| Circle No.105 on Reader Service Card. 





Crystals of niacinamide, photographed at 100 x on Polaroid Type 55 film, with 100W halogen il- 
lumination through a No.12 Wratten filter using an Olympus BH-2 microscope and Olympus OM-2 
camera. This photomicrograph, by David Parker, won a prize in the 1983 Polaroid 
photomicrography competition. Closing date for the 1984 contest is 5 October. Entry forms are 
available from Polaroid (UK) Ltd, Ashley Road, Herts AL] 5PR, UK. 
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26 Applications for the Polaron Model 
~ 2000 plasma asher/etcher system include 
= mineral particle isolation, surface etching 
= of geological and metallurgical samples, 
_ cleansing of delicate items and ultrastruc- 
tural investigation. The Model 2000, which 
uses RF excitation of gases to produce a 
% _ highly reactive plasma at low temperatures, 
_ isa simple unit which contains both power 
_ supply and reaction chamber. The material 
to be processed is loaded in to the sample 
= chamber which 
evacuated, using an external vacuum 
_ pump. A reactive gas is then bled in to the 
= reaction chamber through an adjustable 
_ leak-valve and excited to the plasma state 
using up to 100W of RF power at 
13.56MHz. Typical gases are oxygen, 
hydrogen and fluorinated or chlorinated 
hydrocarbons and typical reaction time 30 
min. 

Circle No. 106 on Reader Service Card. 


= @ The latest mini high vacuum deposition 
“system from Balzers, the MED 010 ‘*Tur- 
Rs bo”, is a bench-top unit suitable for all 
commonly used TEM and SEM deposition 
_ techniques, and features a newly designed 
; ey circuit to increase user protection. 
Also new from Balzers is the CPD 020 
critical point drier. The CPD020 is design- 
; Er for drying biological specimens which 
might be damaged by the forces resulting 
f from the surface tension during normal 
_ drying. The specimen chamber provides 
excellent observation having two large 
_ Sight glasses mounted in both top and side 
~ of the vessel. Balzers also market a SCD 
030 Sputtering device for the production of 
conductive films on SEM specimens which 
avoids undesirable charging of the 
specimen surface. 
Circle No.107 on Reader Service Card. 





















= @ Oxford Instruments, specialists in cryo- 
_ genic and cryomagnetic systems, produces 
a range of cold stages (8-300K) for trans- 
mission and scanning electron micro- 
_ scopes. For cooling down to 80K using 
-liquid nitrogen, the cold stage consists of a 
0.65 litre Dewar mounted on the SEM with 
É flexible tubular connections to a special 
sample mount. Operation is by a con- 
tinuous flow of liquid under gravity feed to 
_ the sample heat exchanger. A cold finger 
= type cryotstat is used for temperatures 
= below 10K. The principles of the con- 
_ tinuous flow cryostat has also been utilized 
_ incryostages for TEM. Microscope trans- 
ational movement and eucentric tilting 
thi the holder axis are not impaired and 
crystallographic work as secondary tilt can 
_ be provided. Operation down to 10K is 
_ possible with the double tilting stage and to 
_ 6K for a single tilt. 
_ Circle No.108 on Reader Service Card. 
= @ The latest modelin the CamScan range 
of scanning electfon microscopes, the 
Series 4, isa modular system which features 
detectors for secondary, back-scattered 
and absorbed electrons, optimized geo- 


is then sealed and’ 









The Polaron E2000 plasma asher (top) and the 
MCDO010 high vacuum deposition system from 
Balzers. 


metries for both EDX and WDX spectro- 
meters and an extensive choice of scan, 
video and image processing functions. Ex- 
cellent sample handling facilities are pro- 
vided by the large specimen chamber and 
the 100 mm fully eucentric stage, multiple 
accessory ports and a sample viewing win- 
dow facilitate the integration of accessories 
for cryogenic stage/specimen transfer 
airlock for biological materials. Motor 
drives are available for automated stage 
control and when operated in conjunction 
with the EDX/WDX X-ray spectrometer 
systems give fully computer controlled 
micro-probe operation of the instrument. 
Circle No. 109 on Reader Service Card. 


@ The growing interest in applications of 
low-temperature SEM for biological and 
material sciences has led to the develop- 
ment of a reliable and easy to use Cryo- 
transfer system by Hexland. The Hexland 
CT 1000 Cryotrans system offers cryo 
observation and analysis by EDS and WDS 
techniques to be carried out on most SEMs 
currently available. Adaptation to older 
SEM’s is also possible. The Hexland 
Cryotrans Preparation system is designed 
on a modular basis to include an efficient 
cold stage module, separate anti- 
contaminator shielding in the SEM, airlock 
and interface to the SEM chamber. The 
Cryotrans is simple to operate and requires 
minimal maintenance. Controlled sub- 
limation or etching is possible whilst view- 
ing the SEM image. The specimen can be 
coated with sputter or high vacuum 
evaporation techniques. Monitoring of all 
cold areas is possible, with accurate tem- 
perature control of the SEM cold stage to 
within + 1°C, 

Circle No. 110 on Reader Service Card. 
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e The Sorvall MT 6000 is a Hirom : 
cessor-controlled ultramicrotome, which 
combines high cutting precision an 
reproducibility with ease of operation and 
control. The MT 6000, manufactured by 
Du Pont, is supplied with a special gear- 
driven universal specimen holder which 
allows 360° axial rotation of the specimen 
as well as movement through a 40° arc in all 
directions, Other features include a fibre 
optics lighting system, bult-in vibration 
damping and the Visutrac system, an ex- 
clusive feature for tracking the cutting arm 
movement and for positioning the cutting 
zone. With the newly introduced cryosec- 
tioning system accessory, the Sorvall FS 
1000, the MT 6000 ultramicrotome is able 
to section freshly frozen or freeze-fixed 
cryoprotected samples consistently. The # 
MT 6000 may be used with the Du Pont dia- 
mond knife, available in cutting edge 
length from 1.0 to 45 mm, with included 
angles of 45° or 55°. 

Circle No. 111 on Reader Service Card. 


© The new Quantimet 920 image analyser 
from Cambridge Instruments offers new 
possibilities in computer-aided auto- 
radiology, oil contamination monitoring 
and three-dimension image reconstruction 
applications, as well as the well established 
applications in mineralogy, metallurgy and 
biology. Images can be obtained from op- 
tical microscopes, photographs, negatives 
cine and strip films, slides and radiographs, ~“ 
as well as the objects themselves. Direct 
links are also available to interface the 
Quantimet 920 with Cambridge In- 
struments range of scanning electron 
microscopes. Features of the Quantimet 
920 include: dual displays, a flicker-free, 
high resolution display for imaging and 
control, a colour display for clear object 
identification and colour mapping images, 
and an extensive range of image processing 
and analysis facilities. Image analysis is 
achieved quickly and easily by using Cam- 
bridge Instruments’ QUIPS language for 
solving research and quality tasks. 

Circle No. 112 on Reader Service Card. 


@ The JEM-100SX, the smallest TEM in 
the JEOL range now features a minimum 
electron dose sequence as standard, as well 
as improved objective lens geometry, two 
new magnification settings in the low 
magnification range, and three new set- 
tings in the high range. Two configurations 
are available in the JEM-100SX, both with 
side entry specimen holders. One has +10° 
specimen tilt, the other, fitted with a eucen- 
tric tilting goniometer, gives +60° 
specimen tilt. The JEM-100SX will resolve 
3.4 nm graphite lattice and is designed 
primarily to meet the biological TEM 
worker. Now that a minimum electron 
dose system is fitted, itis particularly useful 
to examine beam sensitive material by ad- 
justment of the instrument on a specimen 
region adjacent to that being photograph- 
ed. 

Circle No.113 on Reader Service Card. 
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@ The System 5000 from EG&G Ortec is 
one of the new generation of energy disper- 
sive spectrometers. It features enhanced 
computing power allowing almost instan- 
taneous qualitative and quantitative 
analysis. The analytical software even 
allows accurate quantitative analysis to be 
performed on scanning electron 
microscopes equipped with field emission 
electron sources. The entire 266 kbytes of 
RAM in the System 5000 is totally ad- 
dressable — some older competitive 
systems only allowed the software to ad- 
dress 64 kbytes of RAM. With the System 
5000 it is possible to address up to 1m byte 
of RAM if desired. All data acquisition 
functions are under computer control in- 
cluding energy calibration. Six different 
KLM marker modes are provided as well as 
a totally automatic qualitative analysis 
routine. 

Circle No.114 on Reader Service Card. 


è A new critical point drier, the Emscope 
CPD 750, is claimed to transform the 
hitherto tedious process of sample drying 
at the critical point. The pressure chamber, 
which is vertical, is illuminated from 
below. Because the chamber volume has 
been reduced to minimize CO, consump- 
tion, unique specimen holders have been 
developed to maximize the number of 
samples dried per cycle. A vertical chamber 
extension can be supplied to accommodate 
a larger number of samples if required. A 
thermoelectric device performs a dual 
function of pre-cooling the chamber to 
10°C and heating to the critical tempera- 
ture. A double-pole switch is fitted to allow 
selection of thermostatically controlled 
cooling or heating. In the CPD 750 water 
circulation is not required, thus simplifying 
apparatus and removing the reliance upon 
hot/cold water supplies or a thermocir- 
culator. Agitation of the chamber con- 
tents, by a magnetic stirrer, may be used to 
assist with solvent exchange, thus speeding 
up the drying cycle. 

Circle No. 115 on Reader Service Card. 
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SINGER MICROMANIPULATORS 
ARE FAMOUS BECAUSE 


Singer Micromanipulators enable anyone to 
make exact movements without tremor or lost 
motion, in three dimensions, using a single 
control handle under low or high power 
magnification. 

A varied range available. All simple to operate. 
SINGER INSTRUMENT CO. LTD., 
Treborough Lodge, Roadwater, Somerset. 
Tel: Washford (0984) 40226/325 








Micro Consultant's Intellect 100 and extras. 


e@ Aimed at the electron microscopist, 
KIAS (Keypad Image Analysis System) is a 
particle analysis software system based on 
Micro Consultants’ Intellect 100. KIAS is 
driven using a keypad in a similar way to 
the basic Intellect 100 with the RTA (Real 
Time Analyser) hardware option The In- 
tellect 100 is designed to accept inputs from 
normal TV pictures and (with its slow scan 
option) slow scan devices on equipment, 
including optical and electron micro- 
scopes, thermal imaging systems and X-ray 
scanners. Also available is a Sum- 
magraphics bit-pad touch tablet for 
manual editing operations. The RTA pro- 
vides powerful grey level and binary image 
processing, fast image analysis and noise 
reduction to clean up the image. 

Circle No.116 on Reader Service Card. 


© The ASM 100 Acoustic Scanning 
Microscope from VG Semicon is designed 
to suit the industrial applications of 
acoustic microscopy. As the technique 
moves from the university research en- 
vironment to industrial laboratories the in- 
strumentation must become more 
sophisticated to allow flexibility and ease 
of use. Many of the microscope operations 
are controlled by a powerful 16-bit pro- 
cessor and images are acquired on a 
512 x 512 pixel digital frame store. For high 
frequency microscopy a miniature two-axis 
lens scanner has been developed which 
simply fits onto the turret of aconventional 
optical microscope. There are many ap- 
plications in the field of non-destructive 
evaluation that involve the examination of 
the interior of opaque solid materials, for 
example, crack detection in welds, 
delaminations in integrated circuits and 
void detection in solder bonds. The 
acoustic scanning microscope obtains im- 
ages which record the elastic properties of 
the object and is therefore potentially 
useful in these areas. The principle of 
acoustic scanning microscopy is to focus 
pulsed soundwaves to a diffraction limited 
spot using a simple spherical lens and then 
mechanically scan the object or the lens to 
build up an image. In the ASM 100 this im- 
age is acquired on an 8-bit digital frame 
store allowing subsequent processing, col- 
our encoding or quantitation. The ASM 
100 has low frequency imaging capabilities 
which allow penetration depths of several 
millimetres for most materials. 

Circle No.117 on Reader Service Card. 








Metallovert, the new inverted microscope from 
Leitz with variable-angle eyetube and a rotating 
stage. 


@ New from Leitz Instruments, the 
Metallovert provides all the features of a 
truly inverted metallurgical microscope, 
while retaining the economic benefits of a 
conventional upright microscope. The 
Metallovert has a large field of view index 
(22.5) and also features a stage that rotates 
through 115 degrees and can take 
specimens weighing up to 5 kg. 

Circle No.118 on Reader Service Card. 


@ Zeiss Microscope Optics is a 12-page 
guide to the selection of the microscope ob- 
jectives, condensers and eyepieces for 
specific applications, published by Carl 
Zeiss Inc. In addition to identifying a wide 
range of objective types, the brochure gives 
background on diffraction-limited optics 
design and manufacture. The brochure 
discusses the reasons for the nearly 150 ob- 
jectives that are available for Zeiss light 
microscopes in more than two dozen 
numerical apertures and nearly four dozen 
working distances. A listing of fixed, 
swing-out and turret condensers also in- 
cludes recommendations for their use in 
brightfield, darkfield, phase contrast, 
polarized light and DIC techniques. 
Circle No.119 on Reader Service Card. 


@ Tracor Europa has added two new in- 
struments to its range of microanalysis 
equipment. A low cost fully quantitiative 
EDS system, the TN-5400 series, is a DEC 


based LSI-11/23 system with 256Kbytes of © 


memory and with options including digital 
beam scan control and the light element 
Micro-Z detector. For the user interested in 
ED XRF, Tracor produces the Spectrace 
4020, an easy to use ED XRF analyser. 
Utilizing an Intel 8086 processor with 256K 
memory and CP/M86 operating system 
gives the operator total flexibility for a wide 
range of commercially available software. 
Circle No. 120 on Reager Service Card. 
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by the manufacturers. For further details circle 
the appropriate numbers on the Reader Ser*ice 
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@ The ‘R’ range Euromex microscopes are 
equipped with a modern, heavy stand, 
designed and manufactured on the basis of 
the most recent technical developments. 
The stands are provided with a stove- 
hardened, high-quality, acid-resistant 
lacquer enamelling, colour off-white. The 
parts are anodized or chrome-plated. The 
table has been sprayed black. The coaxial, 
low-mounted macro and micrometer 
knobs are provided with tension 


adjustment. The micrometer can be used’ 


over the full 40 mm range. The multiple- 
coated prisms in the inclined tubes 
guarantee optimal light transmission. All 
objectives and eyepieces meet the DIN 
specifications. In the MIC 1040 Euromex 
trinocular microscope RT, the binocular 
tube is provided with a vertical photo tube. 
With the phototube switched on, 80% of 
the light output goes to the camera. The 
image remains visible through the 
binocular tube. 

Circle No. 121 on Reader Service Card. 

@ The Science Photo Library is the 
world’s leding photo agency specialising in 
all aspects of science, technology and medi- 
cine. Its staff are interested in meeting 
people who are producing high-quality 
imagery in all fields of microscopy, both in 
traditional areas and at the frontiers of 
research. They are also seeking 
micrographs of all kinds for a book on 
modern microscopy — Microcosmos — to 
be published in 1986. 

Circle No.122 on Reader Service Card. 

® HistoResin, from LKB _ Instruments 
Ltd, is a glycol methacrylate polymer 
developed to provide an easy-to-use em- 
bedding system for high resolution light 
microscopy. It offers a non-toxic, rapid 
and economical approach to the produc- 
tion and clear and highly transparent speci- 
men blocks. The HistoResin kit includes all 
the components required for specimen 
infiltration and embedding. Basic resin is 
supplied in a convenient spouted bottle and 
activator in prepacked envelopes so there is 
no exposure to caustic chemicals, or 
spillage or waste. A special mounting 
medium is included in the HistoResin 
system to ensure stable, nontacky blocks 
and secure attachment of virtually any 
adapter. 

Circle No. 123 on Reader Service Card. 

© A macrodual zoom system is available 
for use with the Reichert-Jung Polyvar 
when macroscopic examination of large 
specimens, such as lung or brain, is 
required. Suitable for use with semi- 
automatic image analysis systems, the 
macrodual zoom image can be seen in the 
binocular tube, the camera system and a 
TV camera if connected. As an added 
facility, a drawing surface or an electronic 
digitizer tablet can be placed under the 
macrodual zoom. The drawing surface can 
then be imaged and’ magnified as required 
before being superimposed on the micro- 
scopic image in the objectives. Using a 
digitizer tablet and an electronic curser, the 
acquisition of structured data is achieved 
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MIC 1040 Euromex trinocular microscope RT 
with camera. 


by scanning the microscopic image which is 
simultaneously visible in the viewing tube. 
It is also possible to carry out accurate 
measurements with the macrodual zoom, 
and the macrodual-zoom can also be used 
to identify structures for later discussion 
using a digit projector. 

Circle No. 124 on Reader Service Card. 
@A new, free 12 page product brochure 
describing the latest developments in 
biologicals, microscopy, monomers/poly- 
mers, and life sciences is now vailable from 
Polysciences Inc. Featured products in- 
clude: fluorescent probes and fluorogenic 
substrates; synthetic agar; fungi-fluor kit; 
new reference books; new monomers in- 
cluding phenyl vinyl sulphone; and acryl- 
amide-bis premixes. 

Circle No.125 on Reader Service Card. 

© A range of reuseable transit containers 
for delicate instrumentation is now avail- 
able from Skypak Containers Ltd. They 
are ideal for field analysers, demonstration 
instruments and equipment regularly 
transported between laboratories. Skypak 
manufacture each container for the in- 
dividual application. The size, the internal 
furnishings, the external fittings, and even 
the colour can be chosen to match the 
user’s specifications. Melamine or 
aluminium-faced plywood panels with 
PVC surrounds provide weatherproof, 
shock resistant protection. Shaped internal 
furnishings of non-hydroscopic poly- 
ethylene foam provide attractive, thermal- 
ly stable cushioning, resistant to oils, 


petrols, acids and alkalis. All external fit- | 


tings and handles lay flush with the sides of 
the box. 

Circle No. 126 on Reader Service Card. 

@ The easiest and most reliable means of 
ultracleaning or sterilising small volumes 
of liquids is to use a disposable syringe filter 
holder. But the requirements for different 
operations dictate different pore size 
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Macrodual zoom with digit projector from 
Reichert-Jung. 


filters. To provide users with this choice, 
the Minisart range available from Semat 
(UK) has been extended to include 0.2, 0.45 
and 0.8 yam filter units. As an additional 
safety feature each pore size has been pro- 
duced in a different colour (blue for 0.2, 
yellow for 0.45 and green for 0.8 pm 
avoiding user mistake in picking up the 
wrong filter unit. The advantages of the 
Minisart range include: high resistance to 
pressure; minimal dead volume; superior 
flow rates; minimal adsorption; indivi- 
dually packaged, sterile, pyrogen — free 
units; medically safe materials (proven 
non-toxicity); reliability; inlet Luer lock; 
back pressure support; and reduced filtra- 
tion costs. 

Circle No. 127 on Reader Service Card. 

@ Polaron Equipment Ltd have intro- 
duced a new range of immunolabelling re- 
agents for light and electron microscopy. 
The premier range is comprehensive and 
includes unconjugated colloidal gold and 
colloidal gold coated with protein A, 
avidin, biotin, antibodies and lectins. A - 
typical example of these techniques is 
illustrated by avidin and biotin, two new 
reagents used in immunocytochemistry. 
Avidin has a very high affinity for biotin; 
one molecule can bind four biotin mole- 
cules. Biotin will also bind to the Fe frag- 
ment of immunoglobulins. A variety of 
combinations of avidin, biotin and anti- 
body can therefore be built up. When 
labelled with colloidal gold, these binding 
sites are clearly demonstrated, both in 
scanning electron microscopy and light 
microscopy, due to colloidal gold’s good 
emission of secondary electrons and strong 
red colour in white light. Each reagent is 
available in particles, 10-15 nm and 
20-25 nm, enabling comparative local- 
ization studies to be performed on a single 
specimen. 

Circle No. 128 on Reader Service Card.’ 
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Farmers and conservationists 


The long-standing conflict between agriculturists and conservationists, recently sharpened in 
Britain, will engulf Europe in the next few years. The British House of Lords has pointed commen 


THE great European row between farmers and conservationists, 
which has been simmering away for years, is coming quickly to the 
boil. Part of the explanation is that Europe knows that it is foolish 
to subsidize farmers to produce food that cannot be absorbed in 
& Europe or sold elsewhere at any knock-down prices. This year’s 
reluctant agreement among the member states of the European 
Communities that surplus production of dairy products must be 
cut back by means of a quota system rather than by a price 
reduction, economic nonsense though it is, has nevertheless so 
outraged the farming lobbies that the taxpayers who ultimately 
“ provide the subsidies have begun to rebel: if we have to pay 
towards the countryside, they argue, why cannot we have some 
say in how it looks? Further fuel has been added to the fire by the 
. discovery in the United Kingdom that the Wildlife and Country- 
side Act of 1981, thought to provide the Nature Conservancy 
Council with the legal apparatus for protecting natural sites of 
particular importance, it at best a leaking vessel. The row between 
farmers and conservationists has now been brought into the open 
by the publication, earlier this week, of a report of the House of 
© Lords Select Committee on the European Communities on 
i Agriculture and the Environment (HL 247). 
The House of Lords Committee, as always, has done a 
‘thorough job in exposing the contradictions embodied in the 
> agricultural policies of the European Commission and of the 
= member governments of the Communities. The occasion is the 
publication last year of the Commission’s latest directive on the 
provision of aid to European farmers. Already alarmed that the 
accumulation of farm surpluses threatened its own survival, the 
Commission proposed a general realignment of agricultural 
subsidies intended to reduce the supply of commodities in 
surplus. At the same time, but in flat contradiction, it proposed 
that governments should be free to pay capital grants for the 
improvement of farms even when these are too small to support 
their owners’ families. Not surprisingly, the House of Lords 
concludes that the new regime would be hardly less encouraging 
to food production than the present. But it also finds that in the 
. United Kingdom, both the agriculture and the environment 
ee, departments take such a narrow view of the Treaty of Rome that 
“they have been less clever at blending the objectives of production 
and conservation than the European Commission would allow 
~» (and even pay for). 
In Britain, as in most of the rest of Europe, the underlying 
difficulty is that agriculture departments are the captives of their 
i. farmers, but unthinkingly. The explanation is that the underlying 
objective is to make farmers economically viable. What the 
House of Lords points out is that the European Communities 
provide for the payment of grants to farmers in what are called 
“less favoured areas”, uplands or coastal marshes, for example, 
which are not strictly geared to increasing agricultural 
production. So it would be possible for the British Government to 
assist the economic prosperity of rural areas not only by paying 
grants for the drainage of unstable hillsides, or for building roads 
cutting vertically up hillsides, but also for establishing small 
woodlands and by encouraging rural tourism. The ministry wit- 
-nesses before the House of Lords committee seem dimly to have 
-understood that there was some objection to the ministry’s tra- 
ditional practice, but not to have understood that a little clever- 
ness might allow it to do more for its pensioners and at the same 





























































time to safeguard vulnerable landscape. 
The immediate difficulty is that the negotiation of the fin 
form of the new directive will be the responsibility not of tł 
House of Lords but of the ministries of agriculture. The conflict 
between agricultural production and conservation is, however, 
too important to be left to them. The ideal solution, probably 
politically unattainable, is that the Communities’ support prices 
for food should be adjusted downwards until there is a balance 
taking one year with another, between supply and demand, an 
that farming communities put in economic jeopardy inthe 
process should be helped from the Communities’ social fund. 
Short of that solution, there is much that governments‘could 
to help themselves. In Britain it is folly to make annual payments 
to farmers for each head of stock in their possession (as is t 
present practice in upland areas) even when the result is a damag- 
ing degree of overgrazing. Similarly, it is foolish that the system 
for paying grants for ‘“‘farm improvements”’ should most often 
(except in national parks and other special areas) require no 
previous scrutiny on conservation grounds. While such practices 
continue, there is no hope that the relationship between farmers 
and conservationists can be anything but hostile. : 
The peculiar nonsense of the British Countryside Act isa 
further invitation to inflamed relationships. For more than thirty 
years, the Nature Conservancy Council has been trudging aroung 
the United Kingdom, designating certain sites as ‘‘sites of special 
scientific interest”. Sometimes they may be found to carry a dis 
tinctive flora, or to provide a special habitat for wildlife. Man 
sites have been so designated simply because of their natural 
beauty. Some have distinctive geological interest. For much of 
history, the council has done its best to preserve these sites intact 
by means of voluntary management agreements with the land 
owners. the Countryside Act in 1981 sought to bring the 
arrangements within a more robust framework by giving th 
council powers to prevent the agricultural or other developmen: 
of these sites — and the duty to compensate landowners 
agreement could not be reached. 
What has happened now is that landowners have begun sendin 
in their bills for refraining from the development of designat 
sites. Nobody can tell whether a proposed development i 
seriously intended or merely a threat. A strange irony of th 
arrangements laid down by the government is that a landowner’ 
compensation will be calculated after taking account of the agri 
cultural subsidies he would receive if development were allowed 
The signs are that the annual demand for compensation wi 
quickly olutstrip what the council is allowed by the government t 
afford. Then the fat will be thoroughly in the fire. F 
Before that happens, the British Government should mov 
swiftly to redress the balance between farmers (who are ofte: 
nededlessly maligned) and the conservationists (often their own: 
worst enemies). In Britain, where agriculture has been almost 
entirely exempted from the strict planning laws that prevent many 
people from cutting down a tree or erecting a garden shed, the di: 
ciplines of seemly neighbourliness need to be carried into the 
countryside. With an eye on the future, théfe should also be a 
deliberate retreat from agricultural produgtion on the most: 
marginal of marginal land, at least at the taxpayers’ expense. And. 
somebody should make sure that the ministries of agriculéure 
mean what they say with their lip-service to conservation. 5 





































‘ashington 
itt Peak National Observatory is about 


anagement regime intended to acc- 
lerate work on the next-generation large 
tical telescope, reemphasize an in-house 
search programme and save money into 
e bargain. The changes have also resulted 
in the easing out of the director of Kitt 
Peak, Geoffrey Burbidge, who just a year 
and a half ago had been given a five-year 
renewal of his contract. The decision to 
replace Burbidge has raised more than a 
few eyebrows among users of the obser- 
vatory, who had generally been pleased 
th his efforts to serve the needs of visiting 
searchers. 
~The chief structural change in the 
lanagement has been unification of the 
hree observatories run by the Association 
of Universities for Research in Astronomy, 
c. (AURA), under a single “‘superdirec- 
or’. The three — Kitt Peak, Cerro Tololo 
ter-American Observatory and the Na- 
nal Solar Observatories (Sacramento 
eak and McMath Observatories )— areto 
ave a single unified scientific staff as well, 
change that will rejuvenate the obser- 
atories’ languishing in-house research 
rogramme and facilitate the transfer of 
ff among the observatories. 
¿John Jefferies, formerly director of the 
fistitute for Astronomy at the University 
f Hawaii, is the new superdirector, with 
he. formal title of director of the Nat- 
onal Optical Astronomy Observatories 
(NOAO). Jefferies, whose strong manage- 
‘ment is credited with building up the 
awaii institute to a major research facili- 
Yy, has moved quickly since his appoint- 
ent to reshape NOAO along his lines. 
Last January, AURA announced that since 
e roles of the three observatory directors 
‘ould change ‘‘substantially’’ under Jef- 
ries’ planned reorganization, they would 
considered ‘‘new positions’’, so that ex- 
ting contracts were void. Both Burbidge 
nd Jack Zirker, director of the solar 
bservatories, had had their appointments 
snewed for five-year terms in 1982; both 
und their jobs advertised earlier this 
ear. Neither was selected. In Burbidge’s 
lace, Sydney Wolff, Jefferies’ former 
stant at Hawaii, was appointed. Zirker 
as replaced by Robert Howard, the 
Carnegie Institution's former principal 
olar investigator. Patrick Osmer, the 
director of Cerro Tololo, was asked to re- 
ain in post; the r@son given was that he 
had two years remaining of his term. 
‘Although Burbidge was well liked by 
visiting astronomers at Kitt Peak, he was, 
in the word of one astronomer familiar 
with the situation, “hated” by the on-site 


complete its uneasy transition to a new, 














observatories shaken up 


staff. Burbidge did an about-face from the 
policy of the previous director by insisting 
that in the face of limited funding, the 
staff’s responsibility was to serve the 
research community first and its own 
research interests second. AURA is sup- 
ported by the National Science Foundation 
(NSF) to the tune of approximately $25 
million a year. 

There was also said to be dissatisfaction 
with the pace of work on the National New 
Technology Telescope (NNTT), which had 
been designated a top priority in 
astronomy by the National Academy’s so- 
called ‘‘Field Report’’. This telescope 
would be the next major optical facility and 
would employ either multiple-mirror or 
segmented-mirror technology. Jefferies 
created a new division, on a par with the 
three observatories, to take over planning 
for NNTT. 





The desire to step up planning for NNTT 
may indeed be the chief reason behind the 
entire shake-up at Kitt Peak. Jefferies has 
built a reputation on his ability to get big 
projects off the ground. And indeed, the 
management rationale for the creation of 
the superdirectorship laid out in Jefferies’ 
own plan, dated December 1983, wears a 
bit thin. Apart from making NOAO into 
“an effective and efficient organization”, 
the superdirector is to engender ‘‘a sense of 
unity and purpose ... through his personal 
presence, example and influence”. 

NSF is pleased with the changes, accor- 
ding to Laura P. Bautz, director of NSF’s 
astronomical sciences division; NSF hopes 
the pooling of the administrative functions 
of the three observatories under the super- 
director may lead to greater efficiency. 

One other thing that the superdirector- 
ship will do is take the heat off of AURA’s 
board of directors with respect to dividing 
up the money from NSF among the various 
observatories. Dr John Teame, president 
of AURA, had had that responsibility; 
Teame said it had been felt that it would be 
much better to have those decisions made 
by somebody in a position of clear scien- 
tific leadership. Stephen Budiansky 





Mt Wilson telescope for axe 


Washington 
AFTER months of rumours, the Carnegie 
Institution of Washington has announced 
that it plans to cease operating the 100-inch 
reflector telescope on Mt Wilson on 1 July 
next year. The decision is part of an overall 
plan by the institution to shift obser- 
vational work to its Las Campanas obser- 
vatory in Chile; it also reflects the 
diminishing importance of Mt Wilson as 
the lights of nearby Los Angeles get ever 
brighter. The institution operates 40-inch 
and 100-inch reflectors at Las Campanas. 
Carnegie also plans a ‘‘phased 
reduction’’ in support for two solar 
telescopes on Mt Wilson. The 60-inch 
reflector, which is being used in a 
systematic study of Sun-like stars that has 
yielded valuable data on solar radiation 
periods, will continue in operation. That 
project is supported largely by National 
Science Foundation (NSF) grants, which 
are expected to continue for several years. 
Dr George Preston, director of the 
observatories, noted the need to upgrade 
computer facilities and detectors at Las 
Campanas. Carnegie, which relies on a 


hefty endowment income supplemented by | 


government and foundation grants, spent 
$1.5 million to operate Mt Wilson last year 
and $900,000 to operate Las Campanas. 
Despite some optimistic statements from 
Carnegie officials about finding an 
organization to take over the Mt Wilson 
telescopes, few astronomers seem to think 
that likely. The 100-inch reflector has been 
used mainly by on-site staff in recent years; 
and because of the light pollution the work 
is limited to observing single relatively- 








bright stars. ‘“‘Only a very restricted class of 
programs can be taken seriously at that 
site” said Rudy Schild of the Harvard- 
Smithsonian Astrophysical Observatory. 
The more exciting observational work on 
extra-galactic objects requires the dark-sky 
conditions now available only in the 
Southern Hemisphere. 

Lee Hartmann, another astronomer at 
Harvard-Smithsonian who has used Mt 
Wilson, says that the only way to ‘‘sell’’ the 
100-inch reflector would be another solar- 
stellar programme like that in progress at 
the 60-inch Mt Wilson telescope. That 
would be ‘‘politically difficult” to justify, 
he said. It is generally considered to be out 
of the question that the most obvious 
supporters of astronomical research — 
NSF and the National Aeronautical and | 
Space Administration — would be 
interested in taking over the 100-inch 
telescope. Interest in the solar telescopes is 
said to run higher. Carnegie officials refuse 
to discuss the status of negotiations that 
they say are now taking place with various 
interested parties. Stephen Budiansky 


Correction 


IN the 7 June issue of Nature (p.500), 
reference is made in the penultimate para- 
graph to a ‘‘Shell and Gist Brocades . . . 
joint, DF1,300 million, biotechnology 
laboratory”, which is not correct. Shell is 
involved in a joint research venture with 
Gist Brocades. However, all the research is 
carried out at the (existing) Shell Sitting- 
bourne Research Centre in the United 
Kingdom and at Gist Brocades’ laboratory 
in Delft, the Netherlands. 
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US research budget 


* Spending plan remains intact 


Washington 

CONGRESS left town last week for the first 
of several long recesses in this election year 
with a respectable share of work on the 
budget for the financial year beginning in 
October completed. 

The administration has suffered few set- 
backs in its overall plan to increase basic 
science and military research, emphasizing 
the “hard” sciences and a few special pet 
projects — such as the Center for 
Advanced Materials at Lawrence Berkeley 
Laboratory. Congress has promoted a few 
pet projects of its own while keeping to a 
minimum its more public-spirited tinkering 
with the budget. 

NSF: The National Science Foundation 
(NSF) will receive $1,302 million for 
research and related activities, only $6 


- million short of the administration request. 


Congress doubled the $20 million that the 
Reagan Administration wanted for 
supercomputers, opening the way for the 
purchase of new machines or the 
establishment of national supercomputer 
centres — rather than simply facilitating 
the use of existing machines, as the 
administration had planned. The House- 
Senate compromise on the final version of 
the NSF bill made a special point of calling 
on NSF not to establish any such centre 
without competitive review of proposals — 
apparently a reaction to less high-minded 
handling of supercomputer centres in the 
Department of Energy budget (see below). 

Congress also directed NSF to cut $36 
million from the programmes that the 
Reagan Administration has tended to 
favour in the past few years — physical 
sciences and engineering — at the expense 
of biological, behavioural and social 
sciences. 

At the urging of Congress, outgoing 
NSF director Ed Knapp provided written 
assurance that 13,000 grants will be 
awarded next year. 

Congress increased NSF’s science 
education budget, a perennial target of the 
Reagan Administration, and in particular 
moved to maintain the present number of 
600 NSF graduate fellowships. The annual 


' ‘stipend was increased to $11,000 plus a 


tuition allowance of $6,000. 

Energy: The administration was only 
slightly less successful in getting its way in 
the energy budget. Congress for the most 
part went along with the Reagan plan to 
place less emphasis on applied research, 
particularly that concerned with solar and 
renewable energy, while building up basic 
research. In one area, magnetic fusion, 
Congress went one better than the admini- 


istration, cutting that programme to $420 


million — an 11 per cent drop from present 


Jevels. 


One setback to the administration was 
“the refusal of Congress to appropriate 





= construction funds. for the planned 








electron accelerator to be built at Newport 
News, Virginia, by the Southwestern 
Universities Research Association (see 
Nature 21 June, p.658). In place of con- 
struction funds, Congress allocated $3.5 
million for research and development and 
preliminary design work. Before coming 
back to Congress for construction funds, 
the Department of Energy will have to sub- 
mit a five-year plan on nuclear physics that 
examines the possibility of dropping the 
project altogether. 

The two projects that Congress inserted 
last year into the energy budget without the 
benefit of peer review — and which gave 
rise to cries of pork-barrel politics (see 
Nature 305, 659; 1983) — are back again; 
Catholic University will get $9 million to 
continue work on its Vitreous State 
Laboratory, and Columbia University $3 
million for its ‘National Center for 
Chemical Research’’, also known as a 
chemistry building. Not to be left out, 
Representative Don Fuqua (Democrat, 
Florida), chairman of the House Science 
and Technology Committee, saw to it that 
$7 million was allocated for a new 
supercomputer centre at Florida State 
University, in his home state. 

The Center for Advanced Materials, 
presidential science adviser George 
Keyworth’s showcase for government- 
industry cooperation through the national 
laboratories, will get $11 million in con- 
struction funds as requested. Work on the 
Stanford Linear Collider will continue as 
planned. 

Space: The National Aeronautics and 
Space Administration (NASA) will be 
given $10 million more than the adminis- 
tration had intended for research analysis 
— $7 million of which will go for planetary 
research and analysis — a modest response 
to the frequently-heard criticism that 


, Venus Radar Mapper, the Galileo missi 




































NASA has promoted new projects at the 
expense of budgets needed to analyse da 
piling up from existing projects. 

Congress agreed to provide $150 million 
for research and development on the pro- 
posed space station, but in turn required 
that NASA should consider, as one alter- 
native, that permanent manning of ‘th 
station be phased in over a five-year perioc 
following the station’s deployment. 


to Jupiter, the gamma-ray observatory and 
the space telescope will proceed as plan 
Other: The Environmental Protec 
Agency will receive a big increase in its 
research and development budget — $193 
million, a 35 per cent increase over the 1984 
level. The administration had requested 
$163 million for fiscal year 1985, 

Neither the House nor the Senate has 
acted on the National Institutes of Heal 
(NIH) appropriation. The Senate Appr 
priations Committee is expected to act 
quickly when Congress returns at the en of 
the monthwith a recommendation ‘to 
increase the administration's request by 
$587 million. The administration wanted 
$4,342 million for NIH’s researct 
activities. : 

The agriculture budget, which was. 
have included a major new initiative 
biotechnology as a vehicle for expanding 
the perpetually minuscule competi 
grants programme, was given its usual 
treatment in the House by Appropriations 
Committee chairman Jamie Whitt 
(Democrat, Mississippi) (see Nature. 
June, p.574). The result was that while the 
overall total of research funds has changed 
very little from the administration’s pr 
posed 1 per cent increase over 1984, the 
competitive grants programme was oni 
again slashed. The Senate, which has yet to 
act, is expected to look much more 
favourably on the administration’s plan to 
bring the competitive grants programme 
up to $50 million, from its current $ 
million, Stephen Budian 





Soviet emigré case not resolved 


PARTICIPANTS returning from the 
Federation of European Biochemical 
Societies (FEBS) Moscow meeting have 
reported further details about the case of 
Dr David Goldfarb, the Jewish biochemist 
(see Nature, 308, 766; 309, 104; 1984). 
Informants who were able to meet Dr 
Goldfarb say that, although he was 
promised an exit visa in February, he never 
received it, but was still waiting for the 
relevant documents at the time of the police 
search of his apartment in April. On the 
bacterial strains confiscated by the police, 
he said that he had already decided not to 
take them with him. 

Unlike most ‘‘refusniks’’, Dr Goldfarb 
was still employed by a research institute 
until notified that he would receive a visa. 

When Goldfarb resigned from the 
institute this spring, he took with him 
























examples of the strains he had developed. 
the 1960s for urine tests to determi 
metabolic disorders in children. He then 
decided, however, not to take the strains 
abroad with him, since this might crea 
difficulties at the customs and because t 
strains had, in any case, been obtain 
from the United States and the Uni 
Kingdom. He says, however, that during 
his interrogation, a KGB official stated 
that he was under investigation both for 
trying to take the strains out of the country 
and for disseminating hostile propagand 

Dr Goldfarb’s present status is unclear. 
Many of the FEBS participants say the: 
raised the subject wit# Academician Yur 
Ovchinnikov and regeived encouraging 
answers. However, Ovchinnikov seems to 
have given no definite commitment „that 
Goldfarb would receivea visa. Vera Rich 










































































nuclear tests 


canberra 

GROWING public disquiet that either the 
rälian or British Government is con- 
ealing politically sensitive atmospheric 
ear fallout data has prompted the 
stralian Minister for Resources and 
nergy, 
ömmend that a Royal Commission be 
up to inquire into the conduct of the 
ritish nuclear tests in Australia between 
52 and 1963. This move follows a pro- 
cession of government-sponsored investi- 
ations into the tests, with each successive 
aport revealing discrepancies in the last, 
d punctuated in recent months by sen- 
tional newspaper revelations, the most 
tartling being the claim from an anony- 
jous source that mentally-retarded adults 
efe used as guinea pigs in tests at 
aralinga in 1956. 

‘On 31 May, an expert committee headed 
by Professor Charles Kerr, which had only 
ixteen days to review the available fallout 
data, reported to Senator Walsh that it was 
tremely critical of what it saw as obfus- 
tion, oversimplified assumptions and a 
Wdency to present best-case interpre- 
itions of data in the January 1983 report 
f the Australian Ionizing Radiation 
visory Council (AIRAC 9). The Kerr 
mittee had used the ATRAC 9 docu- 
lent in its review of data collection 
éthodology, but could not dismiss the 
ossibility that the ‘black mist’’ described 
by the Pitantjatjara aboriginal people may 
have represented a deviant fallout pattern 
‘om a test at Emu in 1953. It also cast 
doubt on the statistical assumptions under- 
inining a November 1983 Department of 
ealth study which rejected associations 
between illness and irradiation of per- 
sonnel at the test sites. 

On 7 June, Senator Walsh tabled 
other document, a chronology of the 
ritish tests prepared by Dr J.L. Symonds 
nd gathered mainly from official 
ustralian sources. Among many other 
s never officially admitted before, it 
ade clear that the second, very dirty, trial 
f the 1956 Monte Bello series, Mosaic G2, 
involved lighter atomic elements and 
could be described as an H-bomb trigger. 
he UK H-bomb test took place at 
ristmas Island the following year.) The 
hronology indicates that the Australian 
jovernment was well aware that the yield 
ould. be 60 kilotons, yet in 1983 AIRAC 9 
ported the government’s 1956 claim that 
ie yield was ‘‘in the kiloton range’’. The 
undreds of minor trials conducted at 
ralinga went virtually unreported in 
RAC 9. The Symonds. chronology, on 
‘other hand, higWlighted the deeply-felt 
stralian ignorange of the minor trials 
nown as Vixen and B, which were 
eant to simulate the accidental deto- 
ation of plutonium weapons due to 
amage or misfiring, and could result in a 





Senator Peter Walsh, to. 














nother Australian inquiry 


nuclear blast. Begun during the 1958-61 
moratorium, the Vixen tests were dis- 
continued in 1963 since, as Symonds 
reports, they might have been classified as 
violations of the test ban. 

Soon, however, gaps were to be found in 
the Symonds report. Later in June, news- 
paper stories claimed that the specially- 
prepared warship HMS Diana had sailed 
deliberately into a fallout cloud after a 1956 
Monte Bello explosion, and that mentally- 
retarded people had been placed in bunkers 
one mile from one of the 1956 Buffalo 
series of blasts at Maralinga, a story later 
amplified by Mr Terry Toon, the national 
secretary of the Maralinga and Monte Bello 
Atomic Ex-Servicemen’s Association, who 





so far has:not named the others able to — 
corroborate his claim to have heard a 
scream from one of the forward bunkers. 
On § July, Senator Walsh announced the 
Royal Commission, which will focus on the 
measures taken to protect personnel at the 
sites and aboriginals in the surrounding 
area. The British Government has agreed 
to cooperate fully and to guarantee 
immunity from prosecution for ex- 
servicemen and civilians who give evidence 
in Australia. In dealing with five 
compensation claims already launched 
against it, the Australian Government has 
waived the statute of limitations, and since 
the Menzies government had indemnified 
the British Government at the outset 
against claims by Australians, the present 
Australian Government is now liable for 
compensation claims. 
Jeffrey Sellar 





Japanese research 


Call for industrial university 


Tokyo 

CONCERN that Japan’s international com- 
petitiveness may soon suffer because of a 
shortage of trained researchers — par- 
ticularly in biotechnology — has led the 
Ministry of International Trade and In- 
dustry (MITI) to back a proposal that it 
should set up its own ‘‘high-technology”’ 
university partnership with private in- 
dustry. 

The proposal comes in a report commis- 
sioned by the National Institute of 
Research Advancement (NIRA), a semi- 
private body that advises the prime 
minister’s Economic Planning Agency. 
MITI hopes that action can be taken quick- 
ly and that the new university, provisional- 
ly called the Institute of High Technology, 
can begin life as a research institute in 
Tsukuba Science City before the massive 
Tsukuba International Science Expo 
comes to an end in September next year. 

Higher education has always been the 
responsibility of the Ministry of Educa- 
tion, Science and Culture (MESC), and the 
universities are already awash with 
unemployed research workers (see Nature 
21 June, p.659). The problem is, however, 
that relationships between industry and the 
universities are generally poor. Very few 
university laboratories take up joint 
research with industry (although there are 
notable exceptions), and there are no 
Western-style high-technology parks built 
alongside universities to encourage a close 
research relationship. 

The problem is aggravated by the legal 
status of academics as ‘‘civil servants” 
employed by MESC, who may not receive 
payments from nor involve themselves in 
consulting activities for non-government 
organizations. Although there have always 
been ways to avoid direct involvement — 
inter-university computer centres, for ex- 
ample, received their computers at low 
prices in return for helping manufacturers 





to solve new networking problems — only 
in the past few years has MESC begun 
vigorously to encourage university- 
industry links and to make it easy for those 
in industry to spend time in the most 
advanced university laboratories and 
research institutes. 

To complete the picture, industry has 
often taken a rather dim view of university 
research. A survey conducted for the 1978 
white paper on science and technology 
showed that more than 60 per cent of in- 
dustrial respondents felt that university 
research was of no use to them. A corollary 
is industry’s suspicion (now apparently 
fading) of holders of doctoral degrees — 
those with a bachelor’s or a master’s degree 
are felt to be much better material for entry 
into industrial research laboratories. 

The head of the team that produced the 
report, Emeritus Professor Keichi Oshima 
of Tokyo University, also criticized ex- 
isting universities for their lack of flexibili- 
ty in responding to technological innova- 
tions. The university professorial ‘‘chair’’ 
system, with its hierarchical structure, has 
often been attacked for insulating pro- 
fessors from changes in the outside world. 

The new university called for by the 
report would be supported entirely by 
private industry and would receive no sub- 
sidies — and presumably little influence — 
from the Ministry of Education, Culture 
and Science. Its staff will mainly be drawn 
from the 16 research institutes of MITT’s 
Agency of Industrial Science and 
Technology which together employ around 
2,700 researchers, most of them in brand- 
new institutes in Tsukuba Science City. 
Other staff will be provided by private in- 
dustry. If the new university gets the go- 
ahead, it will begin life as a research in- 
stitute, then a graduate school, eventually 
recruiting direct from high-school students 
aiming at becoming ‘‘top-notch high- 
technology researchers”. Alun Anderson. - 
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UK electronics 


- Sleeping giant waking up? 


ONE of Britain’s largest technical 
companies, the General Electric Company 
Limited (GEC), seems in the process of 
emerging from two decades of well- 
managed torpidity. No relation of GE (for 
General Electric) of the United States, the 
company has in the past few weeks startled 
its shareholders by making a bid for British 
Aerospace, still partly owned by the British 
Government, and (last week) by saying that 
it hopes to spend £300 million buying back 
its own shares from shareholders. But 
behind the scenes, and in the long run much 
more important, GEC has set about the re- 
juvenation of its research programme with 
unfamiliar zeal. 

Not before time, the company’s critics 
will be saying. GEC now is the result of the 
1964 Labour Government’s widely-shared 
trust in the management style of Mr Arnold 
Weinstock (now Lord Weinstock), GEC’s 
managing director then and now, and of its 
belief that successful companies are pre- 
ferably big. Thus GEC is an amalgam of its 
old namesake with Metropolitan Vickers 
and English Electric (which had already 
taken over Marconi when swallowed up). 

Latterly, GEC’s admirers have turned to 
grumbling. The most widely publicized 
complaint is that the company’s success at 
making money (profits last year of £671 
million on a turnover of £5,600 million) has 
not been matched by its willingness to 
invest in new enterprises. One consequence 


is that GEC’s reserves of cash and negot- 
iable financial assets, commonly called its 
cash mountain, amount to more than 
£1,500 million, more than a third of total 
assets. Shareholders complain that they 
could do as well by investing their own 
money in the financial markets. GEC’s 





Derek Roberts, the new favourite 


technical people, however, argue that other 
large electronics companies (Hitachi and 
Siemens, for example) have financial 
reserves which are twice as large when 
measured by the yardstick of the labour 
force — more like £15,000 per employee 
than GEC’s £7,000. 

For GEC, it is (or should be) more 


Conglomerate research revives 


IF Lord Weinstock is no longer the British 
Government’s favourite manager, Mr 
Derek Roberts, GEC’s director of research 
and a member of the company’s board 
since the end of last year, is fast becoming 
the establishment’s favourite industrial 
scientist. A member of the Advisory Board 
for the Research Councils, in that capacity 
and in his own right he repeatedly appears 
as a witness before parliamentary commit- 
tees, arguing the case for more generous 
(and rational) policies in the support of 
science. 

Roberts, a vigorous Mancunian physi- 
cist, was recruited to GEC from the Plessey 
Company in 1979 and elected to the Royal 
Society and the Fellowship of Engineering 
the following year. Appropriately, he 
argues for the abolition of the conventional 
British distinction between science and 
engineering, as well as for the recognition 
that women have a potentially important 
role in industrial research and 
development. (A brochure describing the 
successful careers of a score of GEC 
women has apparently been a hit with 
British schools.) 

The role of a technical director in a 
conglomerate such as GEC is a little like 
that of a conductor of an orchestra put 
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together from musicians whose reputations 
have been earned as soloists. Roberts 
reckons to provide searching technical 
audits of designs emanating from member 
companies while seeking to sell to them the 
benefits of research commissions with the 
central organizaton. 

One of his innovations is a system for 
encouraging the transfer of technology 
within the group, partly by means of 
technical newsletters produced in-house. 
Intra-group seminars are now common- 
place. 

Microelectronics is the most obvious 
theme in Roberts’s message to GEC. The 
Hirst Research Centre at Wembley, archi- 
tecturally a monument to the 1920s, is 
being converted internally into a labyrinth 
of air-conditioned cells for depositing films 
of this or that on wafers of silicon or other 
semiconductors. The equipment appears 
to come in units costing £500,000 a cell, and 
the transformation is clearly far from 
complete. 

Even so, the technical people are hoping 
that the British Government will let their 
company acquire British Aerospace. Un- 
like the London Stock Exchange, they take 
the line that in the fields in which they 
operate, size is still an asset. o 


worrying that its growth has slackened off _ 
(both turnover and profits were virtually 
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identical in the past two financial years) 
and has, over the past five years, been 


much slower than that of other British elec- 


tronics companies such as Racal, Ferranti — 


and Standard Telephones and Cables — 
(STC). 


3 


Lord Weinstock, meanwhile, is no 


longer Whitehall’s favourite manager — ‘ 


a 


_ and not simply because of his opposition — 


last year to the Telecommunications Bill, 


then passing through Parliament, on the 
grounds that the British telephone network — 


was destined to be an uncontrollable private 


monopoly. Questions have also been raised 
about the once-admired management 
technique, involving the deliberate 
devolution of financial responsibility to the 
host of companies in the group. This, the 


argument goes, may be a recipe for not 
losing money but inhibits concentration on — 


innovation. 


In reality, with a total of 17,000 — 
technically-trained employees, GEC — 


spends something like 11 per cent of its 
turnover on research and development, — 
much of it on defence contracts. Devolved 


d 


management has inevitably left individual — 


operating companies with responsibility 


research programmes. While there is no — 


sign that this principle is about to be 
abandoned, the past two years have.seen a- 
marked increase of GEC’s centrally 
supported research. 

In the British electronics industry, 


people say that the arrival of Mr Derek H. 


Roberts as GEC’s director of research five 


. . p- 
for the size and character of their own — 


years ago has been the chief catalyst of 4 


change. Since then, centrally directed 


research, previously negligible, has come 

to occupy a quarter of the effort of GEC’s _ 
central research organization, chiefly 
based at the Hirst Research Centre — 


(Wembley, London) and the Marconi 
Research Centre in Essex. 
New efforts are concentrated in micro- 


electronics, with the development of — 


devices based on gallium arsenide (GaAs) 


roughly on a par with those based on 


3 


silicon. Although not a volume manu- 
facturer of microelectronic chips, GEC is _ 
an important source of chips designed for 3 


specialized applications (many of them in 


defence). Of the £55 million spent last year 
by the central research organization, 
roughly a half was recovered from GEC’s — 
operating companies as the cost of com- a 
missioned research, with the remainder _ 


divided equally between externally com- 


- 


missioned research (from the Ministry of o 


Defence among others) and the company’s 
own new research effort. 


Time will no doubt tell how decisively 


these developments will change the un- 
flattering reputation that GEC has recently 
required. Last year, electronics and tele- 
communications accounted for £290 
million of the group’s profit, and is, the 
most quickly growing sector of its business. 

John Maddox 
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E life expectancy of both Japanese men 
nd women is now the highest in the world, 

ceording to figures released by the 
jinistry of Health and Welfare just a 
ple of days after the 119th birthday of 


higechiyo Izumi of Kagoshima, on the 
Quthern island of Kyushu. Life 
pectancy is now 78.8 years for women 
nd 74.2 years for men: and if cancer, 
tokes and heart attacks could be over- 
yme, then Japanese women could expect 
on average to live to 88.4 years and men to 
83.8 years. 

‘But a second report — the white paper 
on population — from the same ministry's 
Council of Population Problems, due to be 
officially released later this month, draws 
some wider and perhaps more worrying 
conclusions from current demographic 
trends, Japan’s change in life expectancy 
has been so rapid — it did not reach 50 
years until 1947, and 70 until 1971 — and 
the postwar decline in population growth 
sọ sudden, that the nation is now well on 
the way to becoming the first “geriatric 
Society’’. At present, there are 7.5 
workers” (people between 15 and 64) for 
each person over 65; in the year 2000 there 
will be only 4.9 and in 2025 2.9 workers for 
each “old” person. 

At present Japan is still a “young” 
society and several Western nations are 
ilready approaching the proportions of old 
people that Japan will have in 2000. What 
S-so worrying is the speed with which 
Japan is ageing — some two to four times 
aster than Western nations — and the con- 
quences this will have for a nation 
increasingly dependent on high technology 
and the ability to take up new ideas com- 
monly associated with youth. Already the 
‘overnment is taking the long-term future 
to account by changing health insurance 
and pension laws so that it is not left in 
Wenty years with bills it cannot pay. But 
here are no concrete proposals on how the 
luge numbers of people in their 60s, 70s 
nd 80s are to play the active part in society 
white paper calls for. 

he white paper is in part aimed at the 
ited Nations conference on population 
“Mexico next month, There, it is hoped 
at Japan’s change from a high-birth 
igh-death society to a low-birth low-death 
ciety in a very short space of time will be 
id’ up as an example to nations with 
‘apidly increasing populations. Japan’s 
pulation growth rate is now down to 0.7 
per cent annually and is still declining. 
opulation should continue to grow from 
the present 119 milliwn to 130 million by the 
end of the century and then slowly fall 
again to the presenf level. The report also 
chays, for the first time in Japan, the 
strong relationship between life expectancy 
and i income levels. 


world’s oldest living person —_ 











The changes in Japanese life expectancy 
have, of course, largely been attained by 
reduction of stillbirths and of deaths 
during birth and the early years of life, so 
that the gains in life expectancy for those 
who survive these dangerous years, com- 
pared, say, with somebody living a 
hundred years ago, are not as great as 
might first appear. Nevertheless, putting 
the life expectancy figures together with the 
average age of marriage given in the report 
— 25.3 years for women and 28.9 for men 
— shows that the average couple can look 
forward to nearly 48 years of married life 
— surely the most convincing argument 
there could be for the practice of ‘serial 
monogamy’”’. 

Alun Anderson 





Polish science 


Administration 
changes afoot 


POLAND is likely to acquire two new high- 
level bodies dealing with the admini- 
stration of science — a State Committee for 
Science and Technical Progress and a 
Council for Fundamental Research. New 
legislation on science and on the role of the 
Polish Academy of Sciences is now under 
way, and although no official announce- 
ment has yet been made, an extensive inter- 
view with Dr Jan Karol Kostrzewski, the 
new president of the academy, in the 
weekly Polityka last month gives a strong 
hint of how the decision will go. 

Poland is unique in the Socialist bloc in 
having no State Committee for Science. 
Such a committee did, at one time, exist, 





Chinese research administration 


Relics of cultural revolution 


CHINA’S reinstatement of intellectuals 
victimized during the Cultural Revolution 
has sometimes encountered unexpected 
snags. Although the Chinese press often 
refers to people trained in university or 
technical colleges who encounter prejudice 
among the industrial work-force, odd 
traces of the Cultural Revolution still 
remain within the academic establishment 
itself. 

Last month it was revealed that, until 
May this year the Tianjin Internal Com- 
bustion Engine Research Institute was still 
being run by a ‘“‘revolutionary committee” 
whose members had for the most part been 
appointed during the Cultural Revolution. 
These people, Beijing radio reported, were 
“seriously factionalist’? in outlook and 
“despised intellectuals”. Talented scient- 
ists and technologists found it impossible 
to carry out their research properly, and 
were ‘‘despised and expelled”. There was 
no proper financial accounting of the 
institute’s budget, and much valuable 
equipment was carelessly destroyed. 

This “‘state of chaos’’, the commentator 
explained, had been allowed to continue 
because of a bureaucratic muddle about 
responsibility. Originally, the institute had 
been under the joint jurisdiction of Tianjin 
University and the Tianjin Municipal First 
Machine-Building Industry Bureau, 
neither of which ‘‘attended to its task”. In 
1978, the Ministry of Machine Building 
decided unilaterally to take over the 
institute, but the Ministry of Education 
objected. 

In the following year, Tianjin munici- 
pality decided to make it a part of the uni- 
versity, but the Tianjin Municipal Science 
and Technology Commission objected. 

A prolonged period of haggling ensued 
between the educational establishment and 
the industrial administrators, neither being 
willing to let the institute go to the other. In 





February 1982, the state of affairs came to 
the attention of ‘leading comrades” in 
Beijing, who instructed the departments 
concerned to stop haggling and to sort out 
the chaos at the institute. Nothing was 
done, however, and the haggling con- 
tinued. 

At the end of April, Beijing finally inter- 
vened. The State Scientific and Techno- 
logical Commission, the Ministry of 
Education, the Ministry of the Machine- 
Building Industry and the Tianjin 
Municipal Party Committee were ordered 
to start direct consultations and given a 
deadline for solving the problem. 

On 5 May, it was announced that the 
institute had been transferred to the 
Ministry of Education and would be 
“managed” by Tianjin University. 

Finally, on 8 May, the university sent in 
“capable cadres” to run the institute and, 
on 17 May, the new administration of the 
institute and the branch Party committee 
were announced. f 

The institute will now be run by a five- 
member council, four members of which 
are academics. The new director of the 
institute is Shi Shaoxi, president of Tianjin 
University and a member of the Learned 
Council of the Chinese Academy of 
Science. 

Although the “18 years of chaos” in the 
institute has now been resolved, there are 
clearly high-level fears that this is not an 
isolated case. The radio reports of the 
affair included an appeal to all Chinese 
newspapers to publish the story prom- 
inently on their front pages. No reason for 
this request was given, but in a Chinese 
context it suggests that such reports are 
meant to prick the consciences of other 
bureaucrats who might have neglected the 
institutes under their control. For how 
many more years these relics will persist is 
anybody's guess. Vera Rich 


but it was abolished in 1972 and its- 


functions were merged in the new Ministry 
“of Science, Higher Education and Tech- 
nology. There is no doubt, Kostrzewski 
told Polityka, that the establishment of 
this ministry as the body which would 
admiinister science was a mistake. The pro- 
posal to set up the two new bodies is a 
practical consequence of this conclusion. 
The role of the State Committee is fairly 
obvious. In Kostrzewski’s words, ‘‘only 
the state can undertake the burden of 
financing science and can support inacom- 
pact organizational framework the 
strategic reorientation of our technological 
policy”. The Council for Fundamental 
Research, however, is a specifically Polish 
. concept, and is, said Kostrzewski, the idea 
“of the academy. Basic research, he ex- 
plained, has its own specific features. 
The new bodies, however, will not 
apparently mean the disbanding of the 
Ministry of Science, Higher Education and 
“Technology. In 1981, when the question of 
- reorganizing Polish science was seriously 
mooted for the first time since the 1972 
reforms, there was strong support for the 
idea that the ministry should be divided, 
with higher education amalgamated with 
the existing Ministry of Education and 
Upbringing, to give a single education 
ministry covering the whole learning 
‘process from kindergarten to Doctor 





habilitatus. Dr Kostrzewski, ‘however, 
when asked if the yew Council for Funda- 
mental Research might not conflict with 
the interests of the Ministry of Science, 
Higher Education and Technology, replied 
only that the minister, Dr Benon 
Miskiewicz, was in favour of the new 
council, and that if the two bodies did have 
any conflicts, they would ‘“‘solve them 
jointly”. 

The creation of new administrative 
bodies, however, cannot solve the main 
problem facing science in Poland — the 
lack of funds, and, in particular, of hard 
currency for foreign journals and equip- 
ment. In real terms, the science budget for 
1982 was only 54 per cent of that for 1978. 
During the same period, employment in 
research and development establishments 
has fallen by 25 per cent, scientists’ pay by 
37 per cent and that of professors by as 
much as 60 per cent. Years of under- 
investment in industry have led to a con- 
stant decline in the country’s technological 
level. According to Dr Kostrzewski, the 
new ‘‘steering mechanism’’ for science, 
embodied in the proposed new bodies, 
offers a chance of remedying the situation. 
Without a major injection of funds, 
especially hard currency, however, the new 
bodies may be of as little use, as one 
pessimistic academician put it, ‘‘as stirring 
the tea without adding sugar’’. Vera Rich 





Yugoslav dissent 


Physicist’s passport confiscated 


Dk Ivan Supek, the most senior member of 

the Yugoslav Academy of Sciences and 
founder of the Pugwash movement in 
Yugoslavia, has been deprived of his 
passport and called in for police inter- 
rogation, as part of a new clampdown on 
intellectual dissent. 

Dr Supek, originally a physicist, is one of 
the earliest known campaigners against 
nuclear arms. During the Second World 
War, he was instrumental in passing on to 
the Western Allies a warning from Heisen- 

&, berg that Nazi Germany was working ona 
fission bomb. 
~ In 1958, Supek resigned from the 
» Yugoslav Atomic Energy Commission, 
“fearing that even peaceful nuclear research 
- could too easily be diverted to military 
-cends, and switched his attention to the 
“history and philosophy of science, 
founding (in 1962) the Institute for Post- 
graduate Studies at Dubrovnik, whose 
courses have a strong orientation towards 
the ethics of science. During the past few 
years, he has become increasingly critical 
of contemporary Yugoslav politics, and 
has published two books abroad, A heretic 
of the left, and a “documentary novel” 
about the pre-war Croat communist leader 
-Andrija Hebrang. 
| - The clamp-down against intellectual dis- 
- sent began on 20 April with a police raid on 
_. an unofficial seminar in Belgrade. Twenty- 
_ eight people, including the lecturer and dis- 
















sident Marxist philosopher Milovan Djilas, 
were taken in for questioning. Six of them, 
including three students, now face con- 
spiracy charges, and the trial for anti-state 
activities of a seventh, Dr Vojslav Seselj, a 
former sociology lecturer at the University 
of Sarajevo, who is being treated as the 
main idealogue of the group, opened last 
week. 

The Belgrade seminar is accused of 
“great Serbian nationalism’, an ideology 
unlikely to inspire sympathy among 
Croats. Nevertheless, a group of Croat 
prisoners in the Lepoglava prison protested 
in May to the then Yugoslav head of state, 
Mika Spiljak (the office has since rotated), 
demanding political prisoner status for 
themselves and expressing their sympathy 
with the Belgrade group. When this action 
was punished by solitary confinement, they 
smuggled out a further appeal to the Sec- 
retary-General of the United Nations, 
again pledging support to the senior par- 
ticipants. 

This Croat support for the Belgrade dis- 
sidents has apparently provoked the 
security authorities into action against 
Croat dissidents still at liberty, including 
Dr Franjo Tudjman, a historian and 
former partisan general who had been con- 
ditionally released from a three-year prison 
sentence on health grounds but who has 
been rearrested, and is now in prison. 

Vera Rich 


, committee, called the Priorities Board 

























































UK aak 
Shake-up for 
research 


A RADICAL transformation in the directio! 
of British agricultural research is promis 
by the announcement, earlier this week,:0 
the formation of a new governmen 


Research and Development in Agricultur: 
and Food. The new committee, wh 
chairman will be Mr Kenneth Durha 
chairman of Unilever, will have t 
unusual task of giving advice both to th 
three British ministries of agriculture (ọn 
each for Scotland and Northern Irelan 
and one for the rest of the United King 
dom) and the Agricultural and Foo 
Research Council (AFRC). 

The creation of the new board seems ti 
have been brought about by the long 
standing difficulties in the relationshi 
between the agriculture ministries and th 
research council. Attempts in the pas 
decade to follow the Rothschild principi: 
that much of the research council’s activit 
would be research commissioned by: th 
ministries have been repeatedly frustrated 

Research planning within the Ministry 0 
Agriculture, Fisheries and Food (MAFF) 
are said to have been frustrated by- 
down-grading of the post of chief scientist 
while the ministry’s own Agricultur: 
Development and Advisory Servic 
(ADAS) has not been as influential as i 
could have been. 

Relationships have been furttie 
complicated by the intervention of a bod: 
called the Joint Consultative Organisation 
originally intended as a means by ‘whic! 
farmers could be consulted about researc 
policy, which has become a more ‘thar 
candid critic of AFRC. It is not clear whic! 
parts of that organization will contin 
under the new arrangements. 

The membership of the priorities. will 
include Sir Ralph Riley, the retirin; 
secretary of AFRC, and two members o 
the council, Sir Hans Kornberg (Cam 
bridge) and Mr Ronald Halstea 
(chairman-designate of Beecham), whe 
will be resigning from the council. T 
other members are Professor Ronald Be 
director-general of ADAS, Dr Alan Rav 
scientific adviser to the Scottish dep: 
ment, and two farmers, Mr John Marti 
(Cambridgeshire) and Mr John Moffi 
(Northumberland). 

The importance of the new arrange 
ments stems from the way in which th 
priorities board, by offering advice both te 
government departments and the researc 
council, will be able to influence the whol 
pattern of agricultural research in Britai 
It should be able also t@defend the researc 
council from some of its wilder critics, bu 
also to foster the rationalization of ADAS 
and the research council. Whether it,wil 
wring more money from the Treasury i 
another matter. John Maddo 









































































E joint Soviet-Indian space flight last 
\pril has aroused considerable interest in 
ie Soviet Union in the yoga exercises per- 
med by cosmonaut Rakesh Sharma. 


ore about yoga will be disappointed. 
erviewed last month on the Moscow 
evision programme ‘‘Problems, 
arch and solutions’’, the chairman of 
je Committee for Physical Culture, Marat 
ramov, stressed that yoga would not be 
troduced in the Soviet Union since the 
viets have their own system of physical 
ulture and because yoga is not only a 
ystem. of physical education but also ‘‘a 
hilosophy which does not tally with our 
utlook’’. 
Even so, official accounts of the joint 
ight stress the importance of the yoga ex- 
riment for the training of cosmonauts, 
ot only for the study of the reactions of 
ie human body to orbital flight but also as 
means of minimizing the stress on the 
ardiomuscular system, particularly 
uring the most sensitive period in the first 
ven days of flight. 
Long-stay missions aboard orbital space 
tations have from the beginning been a key 
ement in the Soviet space programme. 
The current record, 211 days, was set up 
by Valentin Lebedev and Anatolii 
ezovoi in 1982. There has been a 
vigorous drive to counteract the effects of 
long-term weightlessness. Symptoms such 
disorientation and mild hallucinations 
r hyperactivity of the kidneys have been 
arefully monitored. Prophylactic 
éasures range from the development of 
pecial constrictive suits and electric 
ulation units to maintain muscle tone 
infusions of Eleutherococcus (Siberian 
nseng) in the diet of trainee cosmonauts. 
‘Non-Soviet partners in the joint Inter- 
cosmos flights have made their own con- 
ribution to these studies. On ihe joint 
oviet-Polish mission of 1978, the Polish 
articipants carried out an investi; ation of 
hanges in the sense of taste under con- 
ions of weightlessness. The aborted 
iet-Bulgarian flight of April 1979 
eant the shelving of a package of five 
ulgarian medical experiments which have 
ot yet been performed. Sharma’s yoga 
reises were planned as an experiment, 
h-his physiological reactions after 
rcise compared with those of his fellow 
rew members. 
cording to the official Soviet 
resentation to Unispace-82, the Second 
Jnited Nations Conference on the 
ploration and Peaceful Uses of Outer 
pace, an importgnt feature of Soviet 
ce medicine is its contribution to 
ergral health care and preventive 
icine for the population at large. 
Vera Rich 


owever, Soviet citizens who wish to learn , 











UK biotechnology 


What market, what share? 


THE fear that national strategies for the 
development of biotechnology will lead to 
a concentration of attention on a few ob- 
vious targets, with the result that ‘‘no-one 
will obtain a reasonable return on his in- 
vestment’’, is one of the points made by the 
authors of a report Biotechnology and 
British Industry, published last week by the 
UK Science and Engineering Research 
Council (SERC) (£10). Unusually, the 
report is the result of a commission by the 
council’s biotechnology directorate from 
Dr Peter Dunnill of University College 
London, and Mr Martin Rudd, a profes- 
sional economist. According to the 
authors, their most daunting task has been 
to assemble data about the pattern of 
manufacturing industry and agriculture in 
which biotechnology may eventually find 
application. 

The underlying tone of the report is one 
of bravely suppressed gloom. The objec- 
tive has been to survey the industrial sectors 
in which biotechnology has potential, and 
to interest the industries concerned in their 
exploitation. Part of the problem is that 
there are few sectors of British industry 
where the products manufactured by con- 
ventional techniques enjoy such a large 
share of the international market that 
biotechnologists will be unambiguously 
guided to them. 

The report nevertheless argues for conti- 
nuing central support for ‘‘bioindustry”’ 
on the grounds that many opportunities 
have arisen in industries (such as food pro- 
cessing) unused to supporting research in 
the strict sense while, the argument con- 
tinues, government control of the food, 
pharmaceutical and waste treatment in- 
dustries is so direct that it can have a ‘‘con- 





siderable influence’’ on commercial 
development. 

The report commends the association of 
small venture companies with larger tradi- 
tional manufacturers in the development 
of new products on the grounds that it may 
then be possible for the several potential 
outcomes of a line of development to be ex- 
ploited by the most appropriate of existing 
manufacturers. 

The report has been able to list close on 
50 British newly-formed companies with 
interests in biotechnology, a dozen of them 
with academic connections. It 
acknowledges, however, a shortage of sup- 
pliers of equipment, especially in fields 
such as pilot-scale fermentation plants and 
related equipment. Although the report 
was completed before the appearance in 
the United States earlier this year of the Of- 
fice of Technology Assessment report on 
the international biotechnology industry 
(see Nature 307, 402; 1984), Dr Dunnill 
said earlier this week that he considered 
that assessment to have belittled British 


capacity for the supply of reagents for.. 


biotechnology. 

His own opinion (not included in the 
report) is that British biotechnology is 
hamstrung by the conviction of traditional 
manufacturers that only first-degree 
graduates make suitable recruits, with the 
result that academic research and graduate 
teaching in chemical and biochemical 
engineering was at alow ebb and the output 
of trained people on the decline. Dunnill 
said he hoped to persuade SERC’s 
biotechnology directorate to redress the 
balance by providing high-level student- 
ships for graduate studies at a meeting later 
this week. m 





Nature index of biotechnology stocks 





12-Month 12-Month Company Close Close Change 
high low previous 29 June 
month 

14 8 Biogen (Switzerland) 9 814 -12 

2 1% Bio-Logicals (Canada) 1% Ma +h 
14%, 8 Bio-Response (USA) 8% 84 ~% 
14 10 Cetus (USA) 10% 11% +1% 
10% 4% Collaborative Research (USA) Sh Sh +r 
19% 11% Damon (USA) 1A 14% +2% 
26% 1214 Enzo-Biochem (USA) 14 15 +1 
10% S4 Flow General (USA) 6's 614 +a 
42% 28% Genentech (USA) 29 3414 +5 
10% 5M Genetic Systems (USA) 5% 534 0 
17⁄4 8'4 Genex (USA) 9'i 9 ~% 
23 124% Hybritech (USA) 12" 14 +1% 
164 8% Molecular Genetics (USA) 91% 1034 +a 
15% 10 Monoclonal Antibodies (USA) 10% 12 +134 
607% 42's Novo industri A/S (Denmark) 4314 44% +P 
22% 1454 Pharmacia (Sweden) 14% 15°% +1% 





Closing prices are for the last Friday of the month. For over-the-counter stocks, bid price is 
quoted; for stocks on the American and New York exchanges, the transaction price. Nature’s 
weighted index of biotechnology stocks stood at 145 on 29 June, compared with 135 a month 
earlier. Data from E.F. Hutton, Inc. 





„Nuclear building- down - 


Sir — In your 5 April 1984 issue (p.490), 
¿Stephen Salter presents an intriguing 
“formula for multilateral nuclear dis- 
“armament. The Salter proposal is original 
and well thought out but is, unfortunately, 
flawed by the unrealistic assumption that 
either superpower would allow his strategic 
nuclear force to be restructured by his 
adversary. The scheme calls for a level of 
bilateral collaboration we find highly 
implausible. 

There is another possible path to nuclear 
arms reduction that we think has not so far 
received sufficient attention. This path 
entails the simultaneous build-up of 
defensive systems and the build-down of 
offensive weaponry -~ something we have 
termed, in a recent issue of Foreign Policy, 

© defence-protected build-down (DPB). In 

‘other words, were either the United States 
- or the Soviet Union unilaterally and incre- 
“mentally to. reduce offensive capabilities 

while simultaneously deploying defensive 

systems, a winding down of the arms race 
` could result without producing instability 
or vulnerability in the strategic balance. 

Arms controllers have long considered 
the build-up of defensive systems to be 
destabilizing and prone to exacerbating the 
arms race. The deployment of defensive 

, Systems on a gradual or incremental basis 

‘need not be destabilizing, however, if it is 

accompanied by a concomitant and com- 
“opensatory arms reduction. Since the 

initiator would gain no strategic advantage 

“from this strategy, his adversary would 

have no compelling reason to escalate the 
arms race. We would simply be exchanging 
one kind of parity (based on mutually 
assured destruction) for another (based on 
mutually assured survival). 

In a simplified example of how DPB 
might work, let us assume that the United 
States and the Soviet Union have achieved 
parity with 1,000 warheads each. A US- 

. deployed defensive system capable of 

destroying 10 per cent of the Soviet 
it, warheads in an all-out Soviet attack would 

leave Moscow with only 900 deliverable 
weapons. This situation would permit 

. Washington to dismantle 100 of its 
"warheads and still maintain the offensive 
“balance. We would not advocate that the 

“United States should continue DPB 

indefinitely in the absence of a positive 

Soviet response, Although DPB can be 

initiated unilaterally, it must eventually 

evoke a willingness on the part of the other 
side to join in. 

The difficulty in estimating the technical 
effectiveness of a defensive system is, of 
course, a serious potential shortcoming of 

ia DPB strategy. Given uncertainties and 

=the prevailing use of worst-case analysis, 

_ US planners in the above example will tend 
- to provide low estimates of the defence’s 
echnical effectiveness (since it would then 
dismantle fewer of its warheads than if the 

: Eectiveness were c. bigh), whereas the 
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Soviet Union, in contemplating a response 
to the US action, would naturally estimate 
the effectiveness to be high. By initially 
proceeding with DPB in very small incre- 
ments, however, we can avoid serious dis- 
crepancies and stay within the confines of 
the 1972 Anti-Ballistic Missile (ABM) 
Treaty, while assessing the Soviet response. 
The importance of DPB in the beginning 
resides not in the level of protection 
provided but in the initiation of a winding- 
down process and the establishment of a 
new international norm of behaviour based 
on offensive arms reduction rather than 
expansion. 

The DPB strategy asserts that defensive 
systems need not be perfect, or even close 
to perfect, to achieve a most important 
goal; namely, a reduction in the level of 
superpower confrontation and a lessening 
of the catastrophe that befalls all of us in 
the event that deterrence fails. The DPB 
strategy, therefore, is not intended to be a 
“quick fix’? to eliminating our vulner- 
ability. Rather it is seen as a vehicle for 
making a long-term and evolutionary 
transition to a safer, defence-oriented 
world. 

JACK N. BARKENBUS 
ALVIN M. WEINBERG 
Institute for Energy Analysis, 
PO Box 117, 
Oak Ridge, 
Tennessee 37830, USA 





Nuclear proliferation 


Sir — Asa result of a misunderstanding, 
you altered part of my letter on the Non- 
Proliferation Treaty (NPT) (Nature 26 
April, p.768), and in the process altered the 
meaning intended. 

In the penultimate paragraph as printed, 
the implication conveyed is my concern 
that both Pakistan and Argentina now 
have the facilities to make nuclear 
weapons. However, in my original letter I 
stated that this being the case ‘‘it is crucial 
that the (current) nuclear weapons states 
show they do not intend to take military 
advantage of their own civil nuclear pro- 
grammes, whilst demanding through 
Articles I and HI of the NPT that (current) 
non-nuclear weapon states forgo the 
opportunity to do so. The obvious inequity 
in this situation will continue to keep im- 
portant non-signatories in opposition to 
the discriminatory nature of the NPT.” 

In other words, my concern is as much 
with the activities of nuclear weapon states 
signatory to the NPT as with the possible 
emergent nuclear weapon states. 

The importance of this difference in 
emphasis is that all too often the non-pro- 
liferation measures advanced by nuclear 
weapon states strongly suggest that states 
which covet nuclear weapons should be 
regarded as pariahs. My point is that this 
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excoriation will be treated with. th 
contemptuous rejection it deserves if t 
current nuclear weapon states continu 
with the policy best summed up: in thi 
epigram: ‘‘Our bombs, okay. Your bombs 
no way.” 

DAVID LOWR' 
Energy Research Group, 
The Open University, 
Walton Hall, 





Homer’s sea 


SIR — Homer’s phrase oinopa ponton co 
tains no reference to colour; ‘‘wine-dark”’ 
is an interpretative English translation (a 
pretty one, admittedly). It is surely more 
likely that the phrase meant something like 
“wine-faced”’ (ops, face), that is “‘wine- 
surfaced’’. The point of similarity was be- 
tween the moving and frothy surface of t 
sea and the bubbly surface of wine, when 
freshly poured into a goblet or cup of metal 
or pottery and seen by the drinker from 
above. Homeric men did not drink out: 
glasses, and anyone who pours out a goblet 
of wine and quaffs it will see an opaque li- 
quid with “bubbles winking at the brim’ 
Itis.a sight the drinker may remember when 
he sees the sea. 
JASPER GRIFFIN 
Balliol College, 
Oxford OXI 3BJ, UK 





Black as grapes 


Sir — In the letter from me which you 
printed (Nature 17 May, p.204) on the 
meaning of Homer’s ‘‘wine-dark’’ sea, you 
omitted ten words (by a parableptic error) 
and turned one of my sentences into a non 
sequitur, 

The sentence (in the final paragraph) 
should have read: ‘At Jliad 18.562 we find 
pehave ... Borgues, “bunches of black 
grapes’’, and Simonides uses # orous with 
owwnds (“a bunch of black grapes”); 
similarly, Sophocles (Oedipus at Colon 
674-675) applies o.vwy to ivy-berries. You 
omitted the part of the sentence dealing 
with Simonides. 

The point is that Homer uses the 
adjective pédas (‘‘black’’) to describe 
grapes; Simonides uses the same word for 
grapes with the adjective owwnós (‘‘wine- 
coloured’’); and Sophocles uses the similar 
adjective orvww of ivy-berries. Thus, in 
considering the meaning of owna nóvtv, we 
should bear in mind that oww and Í 
kindred words have definite associations 
with blackness elsewhere. 

MARTIN PULBROOK 

Department of Ancient Classics, 
St Patrick’s College, + 
Maynooth, 
Co. Kildare, Ireland * 


e 
This correspondence is not yet closed. — 
Editor, Nature. 
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Basically musical 

IR — Recent progress in gene cloning and 
JNA sequencing techniques has produced 
‘enormous amount of base sequence 
data. In many cases the initial data, read 
‘om autoradiograms of sequencing gels, 
are handwritten or typed on sheets of 
paper, then transferred to a computer 
through keyboards. Handling of lengthy 







































en thousands of the characters A, T, G 
ad C is tedious and boring. It also requires 
“checking to avoid mistakes inherent in 
ch a procedure. We propose an acoustic 
sthod to minimize the distress of hand- 
ling such information. 

“We have chosen a tone range of a fifth, 
since this occurs in daily speech. Avoidinga 
half-tone, three possible arrangements can 
be'considered; bottom-heavy (do, re, mi, 
ol), symmetrical (re, mi, sol, la) and top- 
heavy (mi, sol, la, si). Here, we have picked 
up the second one because of the symmetry 
to be explored in future use. Then the 
pitch-to-base assignment we prefer is “re” 
for G, “mi” for C, “sol” for T and “la” 
for A. 

_ Using this system, G + C-rich sequences 
are low-keyed, while thermally less stable 
A+T-rich sequences are high-keyed. 
Purine clusters, which tend to distort DNA 
Structure, are leaping and unsettled, while 
pyrimidine clusters are even and placid. 
Sequence-melodies can then be transcribed 
in a two-line score, which is an abridged 
ersion of the five-lined score (taking out 
the upper three lines). For example, the se- 
quence of kinking DNA upon EcoRI bind- 
ing', which sounds quite attractive to us, 
can be written down as follows (the arrow- 
head on the left indicates 5‘ to 3’ direction). 











We can also appreciate the subtlety and 
delicacy of the variations of consensus se- 
quences like that of the transcription pro- 
moters. 

One certain advantage of this method is 
that the sequences are now more easily 
ecognized and memorized. After a few 
minutes’ practice, the longest stretch that 
we could memorize without difficulty 
creased at least threefold. In addition, a 
somputer equipped with a sound- 
generating system can sing back the 
quence to facilitate the confirmation by 
ear, Lastly, this practice may help to bring 
Jack some of the pleasure of decoding the 
lysteries of life from computers. 

KENSHI HAYASHI 
NOBUO MUNAKATA 


ochemistry Division and 
Radiobiology Division, 
ational Cancer Center 
Research Institute, 

1, Tsukiji 5-chome, Chuo-ku, 
Ryo 104, Japan 


Frederick, C.A. et al. Nature 309, 327 (1984). 


nd apparently meaningless successions of, 








All Greek tp me 

SIR — I was puzzled by the suggestion that 
the association of the brain's left 
hemisphere with interpreting phonetic 
script — Greek alphabetic in particular — 
may be connected with reading from left to 
tight (Nature 309, 409; 1984), when there 
are both ancient and modern counter- 
examples such as Aramaic, Hebrew and 
Arabic, which read from right to left. 
Second, the ideographs of South-East Asia 
— the kanji characters — which are 
apparently associated with the right 
hemisphere, traditionally appear in 
columns rather than rows, requiring a 
vertical interpretation. Perhaps more 
curious are some examples of alphabetic 
inscriptions surviving from the ancient 
world, which reverse direction on alternate 
lines (Southern Arabia, first millennium 
BC). Examples of this boustrophedon style 
are also found in Ionian Greece. One 
wonders what this did to the divided brain, 
More artistically, the Viking futhark 
inscriptions — the runes — are sometimes 
fantastically entwined, while the Egyptian 
hieroglyphs were rather versatile, running 
horizontally or vertically, with pictographs 
facing left or right. Thus it is perhaps diffi- 
cult to believe that the brilliantly inventive 
and literate civilizations of the past (Sumer, 
Egypt, China) found themselves limited in 
any sense for lack of an alphabet, which- 
ever way it read. A.C, SELDEN 
Pound Cottage, 

Great Coxwell, 

Faringdon, 

Oxfordshire, UK 





Abstract policy 


Sik — The dialogue among those opposing 
(M.A. Bray Nature 307, 206; 1984), those 
considering (J.R. Metcalfe 308, 222; 1984), 
and those approving (S.M. Mould, I. 
McFarlane 308, 684; 1984) inclusion of 
abstracts from conference proceedings in 
comprehensive life science databases, such 
as the BIOSIS system, has been most 
informative. 

Mould and McFarlane clearly prefer the 
inclusion of conference abstracts in the 
database for the values stated by Metcalfe: 
singular appearance, early notice, aware- 
ness of scientific trends. They have no 
reservations about this practice. In fact, as 
Ms Mould indicates, the important 
objective of any such endeavour is to locate 
and identify any published material in a 
given scientific discipline. We strongly con- 
cur in this view. 

As you have noted, the ability to dis- 
criminate among ‘‘full’’ and ‘‘abstract- 
only” types can be gained by a Boolean 
search specification ‘‘not ABSTRACT”. 
All BIOSIS database entries from the con- 
ference literature contain this information. 

In our view, it is critical that compre- 
hensive database producers such as 
BIOSIS should build the most complete 





‘archival record possible. To this end, the 


BIOSIS database will process approxi- 
mately 90,000 abstract-only items from the 
conference literature in 1984. The goal of 
providing awareness of continuing 
research and fields of scientific concen- 
tration should, in our view, take pre- 
cedence over the format of the contri- 
bution record. The number of abstracts 
which represent papers from refereed 
journals covered in the BIOSIS database 
continues to grow and will not be 
diminished by our policy on ‘‘abstracts- 
only” literature. All primary journals 
covered by BIOSIS are refereed sources. 
H.E. KENNEDY 
Biosciences Information Service, 
2100 Arch Street, Philadelphia, 
Pennsylvania 19103-1399, USA 





Peer revue 


SIR — Clemens recommends establishing a 
flourishing domestic population of the 
spider for biological control of flies 
(Nature 31 May, p.394). Itis, however, well 
known that substantial numbers of the 
human population are arachnidophobes, 
especially with respect to large and hirsute 
members of the group. 

If Flanders and Swann! are to be believed, 
establishing such a population of spiders 
might have the unfortunate and unwanted 
effect of increasing the fly population by 
means of self-inflicted fatal injury of 
human arachnidophobes whilst attempting 
to remove the hirsute arachnid. 

MALCOLM IOSSON 
Department of Microbiology, 
University of Reading, 
London Road, 
Reading RG! 5AQ, UK 


!. Flanders, M, & Swann, D. The Spider in the Bath. 





Bacterial problems 


SiR — Concerning your article (24 May, 
p.296) regarding Judge Sirica’s recent rul- 
ing on the use of genetically engineered 
bacteria, I wish to go on record as in- 
dictating that a further detailed consideration 
of the Lindow experiment led me to file a 
deposition in the case, which was available 
and considered by Judge Sirica, that in my 
opinion there was no reason to block those 
particular experiments. I do continue to | 
feel — and I believe there is general agree- 
ment on this point — that the ecological 
consequences of experiments of this nature 
need to be considered carefully now and a 
consensus needs to be reached on what, if 
any, regulation is necessary. I fully agree 
with the conclusion of Mr Stephen Budian- 
sky that it would be extremely unfortunate 
if Mr Rifkin’s tactics, which are, to say the 
least, unorthodox, led to some valid points 
being disregarded or not given proper con- 
sideration. PETER H. RAVEN 
Missouri Botanical Garden, ; 

St Louis, Missouri 63166-0299, USA 





CERN comes out again on top 


With the discovery of the electroweak bosons (W+ and Z?) in the bag, CERN now announces the 
discovery of the quark called top. What will come next? 


THE Matthew principle — ‘‘to him that 
hath shall be given’’ — is working in favour 
of CERN, the European high-energy 
physics laboratory at Geneva, and of the 
UAI collaboration which, at the end of last 
` year, announced the discovery of the W* 
dee and Z° particles which mediate the electro- 
“weak interaction. Last week, the same 
`- 80-strong collaboration, under the leader- 
ship of Carlo Rubbia, announced the dis- 
““ogovery of the missing sixth quark, called 
top, long-predicted but hitherto elusive. By 
‘doing so, they have put yet another cap on 
the electroweak theory while restoring a 
seemly symmetry to the evolving picture of 
quarks as the elementary constituents of 
the material Universe. 

The new development at CERN follows 
almost exactly along the lines expected 
(and described, for example, by Dr F. 
Close in his comment on the electroweak 

= bosons, see Nature 303, 656; 1983). The 
`+- source of the sixth quark is a charged 
boson, W+ or W^, first recognized at 
<0 CERN by their decay into an electron (with 
- electrical charge of the same sign), with 
excess momentum carried away by a 
neutrino. Events of this kind accumulated 
at CERN in the past two years have amply 
confirmed that the mass of the W* particles 
is that predicted by the electroweak theory, 
the equivalent of 82 + 2 GeV. The neutral 
member of the trio of heavy bosons, the Z°, 
is less frequently produced (by a factor of 
about 10) in the proton—antiproton 
collisions at CERN, has a greater mass (to 
the tune of an extra 12 GeV) and is chiefly 
recognizable by its decay into a pair of 
electrons, positive and negative. 
`- Although the chief decay path for the 
“WW bosons is that by which their existence 
‚was first recognized, it has from the outset 
‘been accepted that decay schemes leading 
to the production of quarks should be 
recognizable alternatives. Briefly, a W* 
_ particle should be capable of yielding a top 
and. the antimatter version of a bottom 
quark. (W- would then yield anti-top and 
anti-bottom.) For the past two years, there 
has been general agreement on the way in 
which these particles could be recognized. 
The bottom quark (or anti-quark) would 
itself decay into a narrow jet of nuclear 
matter — pi-mesons for example. And the 
-top quark, with a greater mass, would first 
|< decay into bottom and then yield another 
“jet of particles, this time less tightly colli- 
mated. Since the first evidence for W* 
particles began to accumulate at CERN, 
-people have been wondering whether some 




























of the events recorded by UAI were signs of 
decay of this kind. Six events have now 
been unambiguously identified as the 
decay of W+ into fop and bottom; the mass 
of top, estimated at 40 GeV, remains sub- 
stantially uncertain. 

For the time being, however, the proof 
that rop exists is enough to be going on 
with. In the simplest terms, the asymmetry 
that has now been removed is that between 
the set of known electron-like particles and 
the set of quarks. For reasons which are 
frankly not understood, the natural world 
contains not just one material lepton, the 
electron (and its anti-particle, the 
positron), but two others, the muon and 
the tauon (each with its oppositely charged 
anti-particle). With each of these three lep- 
tons is associated: a distinctive neutrino, 
recognizably different in the mechanisms 
by which they interact with matter but, on 
present form, not otherwise distinguish- 
able — they have no electrical charge and 
no mass. But neutrinos are, like electrons, 
true leptons — they are involved symme- 
trically with electrons, muons and tauons 
in the working of the weak nuclear inter- 
action (as in beta decay). 
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The idea that quarks should also come in 
pairs, and that there should be as many 
pairs of quarks as there are pairs of leptons, 
is more an act of faith than a consequence 
of theoretical expectation. To be sure, if 
the world is symmetrical in this way, it is 
possible to build neater theories, more 
symmetrical than would otherwise be the 
case. But that is merely a sign that, in its 
foundations, theoretical physics remains 
Pythagorean. 

Phenomenologically, the need for 
symmetry has nevertheless been urgent 
since the late 1940s. The recognition of the 
difference between the pi-meson and the 
muon first raised the puzzle of the 
apparently superfluous lepton. The dis- 
covery (in cosmic rays) at the same time of a 
new. kind of hadronic (nuclear) matter, 
called strange because that is what it was, 
set the scene for Gillman’s radical proposal 
that mesons such as the pi-meson, but also 








the strange particles themselves, are pai 
of quarks — the pi-meson is a pair called 
and down for example. But nucleons, such 
as protons and neutrons, and oth 
baryons, are combinations of three quark: 
-= the proton, for example, is two. 
quarks and one down, The partner 0! 
strange, discovered only in 1975, is. charm. 
Evidence for bottom, also known `a 
beauty, was found in 1977 in the proto 
proton collisions arranged at Fermilab 
where a meson whose mass exceeds th 
equivalent of 9.4 GeV was surmised to b 
bound state of bottom and anti-bottom. 

The quark called fop (and also, some 
times, truth) is thus the missing member o 
the series. Its appearance has been expected 
for sometime, but is no less welcome to th 
closet-Pythagoreans on that account. Wha! 
will, in the short term, matter more is tha 
the steady refinement of the mass now 01 
the cards should make possible a degree o! 
certainty about the nature of some $ 
disputed hadronic particles and res 
onafices. While the electroweak theo: 
itself has been further confirmed, CER} 
and its UA1 collaboration have provided 
more stringent test both of theories 0 
quantum chromodynamics (theories of th 
strong nuclear interaction) and of Gran 
Unified Theories (which would roll tha 
together with the electroweak theory bu 
not — yet — with gravitation). Only tim 
will tell whether the outcome is an 
confirmation. of some version or anothe 
surprise — yet another pair of leptons o 
quarks, for example. 

Inevitably, the question will arise i 
Britain whether the discovery of the to 
quark at the collaborative high-energ 
physics laboratory will bear on th 
decision, now delegated to a committe 
under Sir John Kendrew, on wheth 
Britain should continue tocollaborate. Th 
arguments run both ways. The discovery € 
top means that CERN’s list of unattaine: 
achievements has been reduced by one, bi 
at the same time the laboratory’s rep 
tation for success has been enhanced. It is, 
however, unlikely that the committee’s 
recommendations will be determined. by 
scalp-counting of this kind, while high 
energy physicists will properly dra 
attention to the need, now, for the careful 
understanding of the relationships between 
the six quarks that will come only from 
more careful measurefhents of the decay 
schemes now recognized, and of „the 
alternatives still to be found. ee 

John Maddox 















































Gene regulation 





Robert Shields 


VER the past year or so there have been 
veral demonstrations that the Ti plasmid 
f Agrobacterium tumefaciens, the 


lants, can be exploited to insert func- 
tional foreign genes into plant cells!?. The 
iserted genes are incorporated into the 
uclear genome of the plant cells, which, in 
me cases, have been regenerated into 
ants and the inserted genes thus transfer- 
d by meiosis to the seed*. Once the gene is 
serted and functioning, the challenge is 
to determine what features of the gene are 
necessary for its correct regulation, for ex- 
ample its light response. It does not take a 
clairvoyant to guess that, as with other 
eukaryotic genes, the regulation of plant 
genes is governed by DNA sequences sur- 
rounding the gene itself. In two recent 
papers, one on page 115 of this issue of 
Nature’ and one in Science®, this has been 
shown to be the case, although a number of 
intriguing questions remain unanswered. 
Both papers deal with the light induction 
the genes for the small subunits of 
ribulose-1],5-bisphosphate carboxylase- 
Oxygenase (Rubisco), the chloroplast en- 
ryme that fixes CO, in the photosynthetic 
cle. The family of genes for the small 
subunits is located in the nucleus of the 
plant cell. Members of the family are 
regulated by light; individual members are 
expressed in a tissue-specific manner. 
Thus, it is found that the amounts of 
Rubisco are higher in the leaves, pods and 
peas of the pea plant than in the root and 
stem’. 

Broglie et a/.6 describe the insertion of a 
Rubisco small-subunit gene of the pea 
(which accounts for about 30 per cent of 
small-subunit transcripts in pea leaf’) into 
petunia tissue, where the gene becomes 
light-regulated. There is about 50 times as 
much specific transcript in illuminated 
issue as in dark-held tissue, which is 
imilar to the situation in pea leaf. The in- 
erted gene is transcribed from the normal 
tiation site; the transcript appears to be 
correctly spliced and polyadenylated and 
‘protein product is associated with the 
etunia Rubisco large subunit in the 
tunia chloroplast. In addition to the 
coding region, the inserted pea gene has 
ver. 1,000 nucleotides of upstream se- 
uence and more than 500 nucleotides of 
on-coding downstream sequence and it is 
kely that features responsible for its light 
‘egulation lie somewhere in these sequences. 
-The paper in this issue of 
Nature’ describes experiments in which 973 
ucleotides lying upstream of a different 
bisco small-subfinit gene of the pea (one 
aj is expressed relatively weakly in pea 
ves) have been spliced in front of the 
acterial gene for chloramphenicol acetyl 


acterium that causes crown gall tumours. 








Throwing light on plant genes 


transferase; since the presence of chlor- 
amphenicol acetyl transferase is easy to 
measure, its production under the control 
of the Rubisco upstream sequences can be 
determined. Sequences downstream of the 
bacterial gene were provided by the 
nopaline synthase gene of the Ti plasmid, 
since these are known to function properly 
in plants. When the chimaeric gene was in- 
serted via A. tumefaciens into the genome 
of tobacco tissue, the bacterial gene 
became light-regulated. This is strong 
evidence that sequences upstream of the 
Rubisco gene are, at least in part, respon- 
sible for its regulation by light. 

While Broglie ef al. show that the extent 
of regulation of the pea Rubisco genes by 
light is the same in petunia tissue as in pea 
leaf, the absolute amount of transcription 
is far lower. Nevertheless, the plant cell 








contains up to five copies of the inserted 
gene. So although light regulation is in- 
dependent of tissue type, the absolute 
amount of transcription may be governed 
by other factors. What are they? Quite 
possibly, the gene promoters in the 
upstream sequences show species- 
specificity as well as tissue-specificity; pea 
promoters may just not take to petunia or 
tobacco. The position of the inserted gene 
in the foreign genome may also influence 
the level of transcription. With the 
availability of disarmed agrobacterium- 
based vectors that permit the efficient 
regeneration of plants from genetically 
transformed tissue, these questions can 
be approached if not answered. im 


1. Herrera-Estrella, L. et al. Nature W3, 209 (1983). 
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Planetary science 


Source of the oldest lunar basalt 


from S.R. Taylor 


THE earliest history of the Moon, as deter- 
mined from records of craters, basins and 
uplands established by the Apollo mis- 
sions, is marked by two very significant 
events: a period of intense meteoritic or 
planetesima!l bombardment at the close of 
the formation of the Solar System, and an 
outpouring of basalt lavas on a global 
scale. The former preceded the latter, but 
with a degree of overlap that has been the 
subject of much discussion. Results 
reported in a recent paper by L.A. Taylor et 


cal, (Earth planet. Sci. Lett. 66, 33; 1983) 


bear on this issue. Evidence from rocks 
from the Apollo 14 site in the Fra Mauro 
region has revealed that some basalt 
flooding occurred as early as 4.23 x10° yr 
ago, far earlier than hitherto believed and 
well before the end of the bombardment 
phase. 

Younger and more aluminous mare ba- 
salts, with ages ranging from 3.85 to 
3.96 x 10° yr, had previously been found in 
the Apollo 14 breccias, indicating that 
some mare basalt volcanism preceded the 
last of the large basin-forming collisions. 
The breccias are located on the Fra Mauro 
ejecta blanket formed during the impact 
event responsible for excavating the Im- 
brium basin at 3.82 x 10° yr. 

The close of the great bombardment 
forms a natural marker in lunar geological 
history. The next period was dominated by 
large-scale outpouring of mare basalt 
lavas, forming the lunar maria which cover 
17 per cent of the surface. Some studies 
have already indicated that mare basalt 





volcanism began before the end of the 
period of the great collisions. For example, 
basalt sample 10003, the third sample pick- 
ed up by the Apollo 11 astronauts in Mare 
Tranquillitatis, gives K-Ar dates of 
3.86 x10° yr, earlier than the date of the 
Imbrium event. Other evidence comes 
from the presence of dark halo craters, 
which were excavated in highland plain 
units and indicate the presence of buried 
basaltic lavas. All these observations are 
consistent with a date of ~ 4.00x10° yr for 
the beginning of basaltic volcanic activity 
on the Moon. The significance of the new 
results is that they push back the date of 
eruption of olivine—ilmenite basalts to 
4,23x109 yr. i 
The sample analysed bears the typical 
mare basalt signature of depletion in 
europium and, by analogy with the Apollo 
12 basalts, is derived by partial melting 
from depths of 200-400 km. The source 
region of such mare basalts had itself 
previously undergone a differentiation. 
The generally accepted explanation is that 
these pyroxene-olivine-rich regions were 
formed during the differentiation which 
followed the large-scale melting of the 
Moon. This melting, which probably ex- 
tended tothe whole Moon, is conventional- 
ly ascribed to accretional melting and is 
dated at about 4.45x10° yr. (This sets the 
formation of the Moon about 108 yr later 
than the meteorites, in accordance with the 
Safronov~Wetherill scenario for accretion 
of the terrestrial planets from a suite. of 
planetesimals.) The subsequent crystalliza- 




















“of the feldspathic highland crust, enriched 
“in europium, and the complementary 

pyroxene-olivine cumulate zone. The lat- 
-tererystallized at depth to form the source 
regions, depleted in europium, of the mare 
basalts. Model Rb-Sr and Sm-Nd ages 
time the crystallization of these cumulates 
at about 4.4 x10? yr. 

Various questions arise. The visible èx- 
tent of mare basalts on the face of the 
Moon occupies about | per cent of the 
volume of the highland crust, and mare 
basalt clasts are not abundant in highland 
breccias from the other landing sites, so 
how extensive was the early volcanism? 
What is the energy source? Olivine-rich 
_ basalts come from deep within the Moon, 
di: well beyond the reach of melting by large- 
scale impact events. Even the formation of 
the Procellarum basin, the oldest and 
largest basin, which forms a framework en- 
compassing much of the nearside topo- 
graphy, is unlikely to have initiated melting 


at depths of the 200 or more kilometres re- 


‘quired by the experimental petrology 
results. Conventional partial melting in- 
: duced by radiogenic heat seems a more like- 
ly explanation. 

A further question of much significance 
concerns the composition of the highland 
crust itself. These white feldspathic high- 
lands are comprised of three major com- 
ponents, of which anorthositic feldspar, 


: “formed by flotation during crystallization 


of the magma ocean resulting from the in- 
itial whole Moon melting, is dominant. 
The crust is also strongly enriched in the 
-component known as KREEP, composed 
of K, U, Th, Ba, Zr, rare earth elements 
and other incompatible elements. The 
KREEP component is derived from the last 
dregs resulting from crystallization of the 
magma ocean, which pervaded the 
feldspathic crust, with which they were 
mixed by the continuing massive meteorite 
bombardment. The third and mast 
enigmatic component is the so-called 
Mg suite. It is not directly related to the 
-" Mg-~Fe phases which crystallized along 
i. with. the feldspar. While the present 
bulk highland composition is generally 
: recognized to be due to mixing, the nature 


2 “of the component responsible for the high 


‘Mg content and the primitive Mg/Mg + Fe 
‘ratios. has remained elusive. Could it be 
“mare basalt? Mixtures of these olivine 
basalts, perhaps with some admixed 
dunite, could provide enough Mg to ex- 
plain the bulk composition of the highland 
crust. This scenario replaces other explana- 
tions for the high Mg content of the 
highlands, which involve the late addition 
of planetesimals, or the mixing in of early 
frozen lunar crusts. Accordingly the 


discovery of this tiny fragment of an an- 
-< cient mare basalt may provide fresh in- 
sightsi into lunar crustal history. g 
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Epstein-Barr virus in epitheliu 


from Alan Rickinson 


Most attempts to understand the biology 
of the interaction between Epstein-Barr 
virus (EBV) and its hosts begin from a com- 
mon point of reference, the extreme 
tropism which this potentially oncogenic 
agent appears to display for B cells, the 
antibody- producing lymphocytes!. Not 
only is the virus. best known for its strong 
association with Burkitt’s lymphoma, a 
tumour of B-cell origin, but also the life- 
long virus carrier state, which EBV estab- 
lishes in all infected individuals, is 
characterized by a persistent infection of 
B-lymphoid tissues. To this can be added 
the evidence, from studies in vitro, sug- 
gesting that B lymphocytes alone express 
the EBV receptor and sustain an experi- 
mental infection. Significantly, the out- 
come of the infection is not virus 
replication but immortalization of the cells 
into lymphoblastoid cell lines which will 
carry the EBV genome but which can 
seldom be induced into a virus-productive 
cycle. And here’s the rub. If EBV replicates 
so poorly, if at all, in the host cell of its 
choice, how does it establish a productive 
infection in vivo? For EBV replication 
clearly does occur in the throat, not just 
during the course of.a primary infection (as 
witnessed in infectious mononucleosis 
patients) but also, as recent prospective 
studies show, very often as a stable 
accompaniment of the asymptomatic 
virus-carrier state. Are in vivo interactions 
between EBV and B cells more productive 
than their in vitro counterparts would 
suggest, or does EBV replication involve a 
quite different permissive cell type? A 
recent report from Sixbey and his 
colleagues at Chapel Hill’ argues strongly 
in favour of the latter alternative. 

Using hybridization in situ with specific 
viral DNA probes, Sixbey et al. have been 
able to detect productive EBV infection in 
exfoliated epithelial cells in the throat 
washings of most infectious mono- 
nucleosis patients studied, even though this 
was not always accompanied by demon- 
strable lymphocyte-immortalizing activity 
in the cell-free fluid. How the virus might 
initiate this infection is another question, 
since no EBV receptors have been detected 
on human pharyngeal epithelium in 
vitro+5, One possibility, suggested by the 
close interaction between lymphoid and 
epithelial tissues in the pharynx, is that, in 
vivo, the virus is delivered to epithelial cells 
through fusion with infected B cells. 
Indeed, one of several Chinese groups 
active in this field reports that an EBV- 
producing human B-cell line will 
spontaneously fuse with nasopharyngeal 
cells cultured from the tupaia, a lower 
primate, yielding a hybrid line which 
continues to produce virus®. Despite such 





evidence, one feels that if infection o 
pharyngeal epithelium really is central te 
the viral strategy, then it should b 


achieved by a less tortuous route. 


Perhaps the most illuminating study t: 
date, again from the Chapel Hill group 
shows that primary explants of human 
cervical epithelium, while completel 
refractory to ‘laboratory strains’ of E 
produced in vitro by B-cell lines, contain 
small proportion of cells which sustain 
well documented productive infectio 
following exposure to virus-containin 
throat washings’. Further work is needed 
to confirm this result, but it would indeed 
be interesting if the capacity to infect 
epithelial cells as well as lymphocytes wer 
restricted to natural isolates of EBV, that 
to preparations containing virions derive 
from an epithelial site in vivo. 

A final dimension to the study of inte 
actions between EBV and epithelial cells 
stems from the consistent presence of th 
EBV genome in the malignant epitheli 
cells of undifferentiated nasopharyngeal 
carcinoma!, This is largely unexplore 
territory; one does not know, for instance, 
whether the epithelium in which this 
tumour arises (in the Fossa of 
Rosenmuller) is a natural site for virus 
replication or if it only rarely sustains an 
infection. Nevertheless, the circumstantial 
evidence to date strongly suggests a role for 
EBV in the oncogenic sequence. 

In an attempt to define that role more 
precisely, several groups are now trans- 
fecting cultured epithelial cells with cloned 
fragments of the EBV genome and lookin 
for changes in cellular phenotype. As'the 
first results come out, it is clear that we are 
in for some surprises. Thus, in a recent 
letter to this journal’, Griffin and Karran 
described the immortalization of monkey 
kidney epithelial cells by DNA derived 
from either of two overlapping fragments 
of the viral genome. Interestingly, the 9 
kilobase sequence of overlap, and indeed 
the whole sequence of one of t 
fragments, did not include any of the three 
regions of the EBV genome which are 
expressed in virus-immortalized B cells 
(and also, it seems, in nasopharyngeal 
carcinoma cells) and which code for the 
putative immortalizing proteins’; even 
those transfected cells which theoretically 
could express one of the relevant proteins 
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rus-coded nuclear antigen EBNA, do 
not appear to do so. 

» This kind of result, reminiscent of those 
btained with rodent cells transfected by 
‘agments of herpes simplex virus DNA", 
ises more problems than it solves. The 
ortant issue remains the relevance of 
1is phenomenon to the part which EBV 
ight play in the pathogenesis of naso- 
iaryngeal carcinoma and, as Griffin and 


Karran intimate, this should beco 

clearer as their work gnd that of others 
extends to include the transfection of 
human epithelial cells. If not the virus, then 
at least its students, are losing their 
B-lymphotropic tag. gO 
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‘om Edward E. Max 


ON: average, the dinucleotide cytidine- 
guanosine (CpG) is present in vertebrate 
DNA at a frequency only one-quarter of 
at predicted by random distribution. 
his striking ‘CpG suppression’ was 
puzzling at first but has since been partially 
explained! . A recent analysis? of published 
vertebrate DNA sequences in our 
laboratory has added a new puzzle — why 
do some genes contain localized segments 
hat are CpG-rich regional lapses in the 
usual CpG suppression? 

The partial explanation of CpG suppres- 
sion involves DNA methylation. Most 
CpG dinucleotides in vertebrate DNA are 
methylated as mCpG, in which the mC is 
methyl cytidine. Because 5-methyl 
cytidine has a propensity to deaminate to 
thymidine, CpG dinucleotides in 
vertebrate DNA tend, over evolutionary 
time, to be replaced by TpG, the 
dinucleotide that results from the deamina- 
n of mCpG and the complementary 
A (on the other strand). The correlation 
tween methylation, CpG suppression 
and TpG+CpA elevation in some spec- 
was originally pointed out by Bird’. 
While the deamination model explains a 
possible mechanism for CpG suppression 
in terms of CpG methylation, it leaves open 
the question of the function of DNA 
methylation in vertebrates. Many experi- 
ments suggest that this function is somehow 
‘elated to the control of gene expression?. 
“Our first observation of localized CpG- 
rich regions within genes came from an 
inalysis of the class I genes of the major 
stocompatibility complex (MHC). These 
enes encode highly polymorphic antigens 
hat are major determinants of graft rejec- 
ion. CpG suppression is absent from all 
vailable class I gene nucleotide sequences 
ipstream of the border between exon 3 and 
ntron 3; but normal CpG suppression is 
‘ound downstream of this border. This is 
ot. simply a result of asymmetric frequen- 
ies of C or Gin these regions; in the H~2K¢@ 
ene, for example, the ratio of CpGs 
-Observed to that expected on the basis of C 
ind G content is about 0.06 downstream of 
“the border betweerfexon 3 and intron 3, but 
-upgtream it is 0.96 — that is, essentially no 
-CpG suppression. 

Our analysis revealed similar asym- 











ew twist to DNA methylation 


metries in five mouse, one human and two 
rabbit class I genes. We also found a CpG- 
rich region surrounding exon 2 of the genes 
encoding the f -chain of class Il MHC anti- 
gens, which are found on B lymphocytes 
and macrophages and regulate cellular in- 
teractions in the immune system. Of the 
many other genes examined by us and by 
others‘, only a few contain CpG-rich 
regions: the chicken a2-collagen® , hamster 
adenine phosphoribosyl transferase 
(Lowy, I. and Axel, R., personal com- 
munication) and mouse dihydrofolate 
reductase*-° genes are three examples. 

How do the CpG clusters escape the 
usual CpG suppression of vertebrate 
DNA? If CpG suppression requires mCpG 
as an intermediate, then a simple model to 
explain CpG clusters would be that these 
regions of DNA are maintained 
substantially free of mCpG, that is, are 
undermethylated, in germ-line DNA. This 
model predicts that the CpG-rich regions 
will not show the elevated TpG + CpA 
levels that result from mCpG deamination, 
which is precisely what we find. (An alter- 
native model, in which unknown 
mechanisms generate excess CpG with 
normal methylation and mCpG deamina- 
tion, predicts elevated TpG + CpA 
frequencies.) In the H~2K% gene, for 
example, the ratio of observed TpG + 
CpA frequencies to those expected is 
approximately 1.0 in the CpG-rich 5’ 
region, and about 1.4 in the CpG- 
suppressed 3’ region. Thus, the TpG + 
CpA frequencies in the CpG-rich regions 
are consistent with our model of regional 
germ-line undermethylation. 

An experimental test of the proposed 
model would be to examine directly the 
methylation state of the CpG-rich regions 
in germ-line DNA, such as that isolated 
from sperm. As discussed previously in 
these columns’, methylation of the small 
fraction of CpG dinucleotides that fall 
within the recognition sequences of certain 
restriction enzymes (for example, Hpall, 
Msp) can be assessed using Southern blot 
techniques. The multiplicity of sequences 
cross-hybridizing to MHC probes 
complicates such an analysis for MHC 
genes, but the relevant data already exist 
for three non-MHC genes that contain 





CpG-rich regions. The 5’ regions cor- 
responding to CpG-rich segments of thë 


mouse dihydrofolate reductase gene®, the ' 


hamster adenine phosphoribosyl 
transferase gene? and the chicken 
a2-collagen gene? are, indeed, under- 
methylated in sperm DNA, whereas the 3’ 
regions are methylated; similar patterns 
were found for these genes in all other 
tissues examined. Thus, available data 
seem consistent with the hypothesis that at 
least some of the CpG-rich regions are 
associated with DNA segments that.remain 
undermethylated in the germ-line genome. 

Should our model relating CpG-richness 
and germ-line undermethylation prove 
correct, it would still represent only the 
first step towards an explanation of these 
regions. One would also want to know 
what features of these regions spare them 
from the usual methylation of their CpG 
residues, and what functional significance 
of the CpG-richness of these regions 
accounts for their evolutionary 
preservation. Regarding function, we 
might first ask whether it is the CpG- 
richness itself that has critical functional 
significance, with the undermethylated 
state perhaps serving only to protect the 
CpGs from rapid mutation via the mCpG 
deamination pathway; or conversely, is the 
undermethylation the critical feature of 
these regions — perhaps mediating active 
expression of these genes in sperm cells — 
with CpG preservation an inconsequential 
byproduct? Furthermore, is the signi- 
ficance of the CpG-richness the same in 
MHC and non-MHC genes? It is striking 
that for both class I and class H MHC 
genes, the protein domains that exhibit the 
greatest polymorphisms are the ones 
encoded in CpG-rich regions; is this more 
than coincidence? 

Given the questions about DNA 
methylation that remain unanswered in 
other more thoroughly studied systems, it 
is evident that additional information 
about CpG-rich regions and germ-line 
undermethylation in many genes will be 
necessary before the full significance of 
these observations will be understood. 


Meanwhile, it is worth noting that ` 


interesting features can still be gleaned 
from pure ‘sequence gazing’ (a pejorative 
term in some quarters), even from gene 
sequences as intensively studied as those of 
the MHC. Cl 
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*Rauisuchians and the success 


of dinosaurs 


from Michael Benton 


THROUGHOUT most of the Triassic period 

(245-208 Myr), and before the age of the 

dinosaurs, the top carnivores were a group 

of reptiles called rauisuchians. Although 

this group was formerly thought to have 

had a restricted distribution, recent papers 

prove that its distribution was in fact 

worldwide!*. More provocatively, some of 

the new work suggests the need to modify 
& commonly held views about both the 
evolution of reptiles in the Triassic and the 
origin of the dinosaurs. 

The Rauisuchia were archosaurs (the 
group of reptiles that also includes dino- 
saurs and crocodiles) and belonged to the 
basal group, the ‘Thecodontia’. Several of 
them — such as Poposaurus, Teratosaurus 
and numerous unnamed forms that have 
been identified on the basis of isolated 
teeth and jaws?? — were formally 
classified as dinosaurs. In fact, a whole 
assemblage of fictitious carnivorous dino- 
saurs — the Teratosauridae — was found- 
ed upon middle and late Triassic rauisuch- 
ian teeth and the skeletons of prosauropod 
dinosaurs?!°. The oldest known true 
dinosaurs occurred in the middle of the late 
Triassic (about 225 Myr), and would have 
been preyed upon by rauisuchians. It has 
been suggested that rauisuchians were 
ancestral to (some) dinosaurs', but that is 
unlikely because of their specialized 
ankles, pelvis and skull. The rauisuchians 
died out at the end of the Triassic without 
leaving any descendants, that is as far as we 
can tell. 

Rauisuchians are characterized by 
several derived characters of the skull (for 






Pelvis 





example, keyhole-shaped antorbital fen- 
estra, movable joints and extra slot-like 
fenestra between the premaxilla and max- 
illa) and pelvis (acetabulum faces ventrally, 
low ilium, pubis antero-ventral to ilium). 
There are two families, the quadrupedal 
Rauisuchidae and the bipedal Popo- 
sauridae. A typical late Triassic rauisuchid, 
Saurosuchus (Fig.1), was 6-7 m long, with 
a massive skull, short neck, fairly long 
limbs and a powerful tail. 

What is of more importance, from the 
point of view of archosaur evolution in the 
Triassic and, in particular, theories about 
the origin and success of the dinosaurs, is 
new work showing rauisuchians had an 
erect gait??, The standard view is that ad- 
vances in the limb posture of archosaurs 
during the Triassic explain why dinosaurs 
were so successful. The early Triassic 
archosaurs had a primitive sprawling 
posture, like that of living lizards and sala- 
manders. The posture of archosaurs sup- 
posedly became semi-erect in the middle 
Triassic, and finally dinosaurs, with their 
limbs tucked right under the body, emerg- 
ed in the Triassic ''. 

The erect posture is commonly thought 
to have allowed increased running speed, 
agility and size, allowing these animals to 
outcompete all manner of other tetrapods 
in the middle and late Triassic '*. However, 
as I have previously argued "°, large-scale 
‘competition’ of this kind between high- 
level taxonomic groups and spread over 
tens of millions of years is most unlikely. 
More probably, the dinosaurs radiated 
opportunistically only after the extinction 


Fig.1 Rauisuchians, giant meat-eaters of the Triassic. a, b, Hind- 
limbs and pelvis of an early ‘dinosaur’ (a) and Saurosuchus (b) 
viewed from behind. c, Saurosuchus from the late Triassic of 
Argentina, 6-7m long. Both dinosaurs and rauisuchians had erect 
gait, but this advance was achieved in different ways in each 
group: a bent head on the femur in dinosaurs (a) and a horizontal 


pelvic socket in rauisuchians (b). From refs 2,3. 


‘erect animal, the femur points oe 


ahs vals ater rae ee. Reon ae 


of earlier dominant groups (mammal-like A 
reptiles, rhynchosaurs, thecodontians). 
Further weight is given to this view by the — 
fact that rauisuchians had an erect gait and — 
yet were replaced by the dinosaurs. -H 
Dinosaurs and rauisuchians achieved an — 
erect gait in different ways. In a primitive — 
sprawling reptile, the thigh bone (femur) — 
sticks out roughly sideways, and the head — 
of the femur fits straight into the sideways- 
facing bowl-shaped pelvic socket. In an 














down, and changes have to occur at the — 
joint between femur and pelvis. In din 
saurs (and in mammals), the femur 
develops a head at right angles to its shaft — 
(Fig.la). In rauisuchians, on the other — 
hand, the pelvis is tipped over, so that the — 
pelvic socket faces downwards instead of 
sideways (Fig.1b). Recently, it has become — 
evident that erect gait was also achieved by 
a third group of archosaurs — the salto- 
posuchid crocodilomorphs, distant rela- — 
tives of the living crocodiles '*. In the inten 3 
Triassic, then, three archosaur lineages 
showed independently derived advances in 
locomotion, and yet only the dinosaurs — 
survived — the other two lineages died out 
by the end of the Triassic. oO: 
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What triggers a quasar? 





from C. Martin Gaskell 


RECENT observational evidence has greatly 


_ strengthened the long-standing view that 


= quasars (and indeed quite possibly were. 
_ quasars sometime in the history of the 


almost all galaxies have the potential to be 


Universe), but that some kind of trigger is 
needed. The question is, what is the trigger 


_ for a galaxy to turn into a quasar or some 


milder quasar-like object such as a radio 
galaxy or a Seyfert? A new study by Kenni- 


= Cutt and Keel! supports the old idea that 
interactions between companion galaxies 


are a very important way of stimulating 
quasar-like activity at all levels?-+. 

The standard model of the tremendous 
energy release in quasar activity involves 


accretion of matter onto a massive black 


hole*, with 10°-10° the mass of the Sun’. Such 


black holes probably form as the result of 


stellar collisions in the densely packed 
galactic nucleus. It has been known for a 


= long time that quasar activity was much 


more common in the past than it is now®’, 


‘ Since massive black holes do not vanish 


overnight there must be many dormant 


_ black holes sitting in galactic nuclei that are 


not currently showing quasar activity. Our 


= own Galaxy could well have such a dor- 
= mant black hole since recent spectroscopic 


= surveys of complete samples of galaxies®.? 


a? 


show a low level of nuclear activity in 
perhaps a half of all spiral galaxies. 
Therefore, although the existence of a 
giant black hole is believed to be a 
necessary condition for quasar activity, it is 
obviously not a sufficient one. Something 
else has to happen — the ‘monster’ has to 


_ be fed. 


How do you feed a giant black hole? The 
possibilities considered are too numerous 
to list, but recent observational studies are 


_ reviving the idea that collisions and close 
interaction between galaxies are respon- 


sible. This idea, originally proposed in 1954 
by Baade and Minkowski! for one of the 
first radio galaxies identified (Cygnus A), 
subsequently fell into disfavour!!. 
However, recent high-resolution faint- 


_ imaging surveys of relatively nearby 


= quasars show that over 30 per cent of 


quasars are currently interacting with a 
nearby galaxy*:!*. Seyfert galaxies , too, 
have close companions!?; and surveys of 
samples of nearby galaxies independently 
Suggest that galaxies in close groups and 


In the article ‘Early evolution of leaves’ by 
J. B. Richardson (Nature 309, 749; 1984), 
there was a mistake in the ninth sentence of 
the third paragraph. It should read‘. . . and 


work by Andrewsg Gensel, Kasper, Banks 
and Hueber indicates a high diversity of 
płants at that time (see inter alia ref. 9)’. 





pairs possess both stronger-than-average 
central radio sources'* and stronger-than- 
average nuclear emission-line activity®. 

Now, Kennicutt and Keel! have made 
complete spectroscopic surveys of three 
samples of galaxies: a control sample of 
non-interacting galaxies; a sample of close 
pairs; and a sample of closer pairs, showing 
visible signs of strong tidal interactions. 
The results are very striking. As expected, 
about 4 per cent of the control sample show 
strong Seyfert (quasar-like) activity; but, 
interestingly, as many as 11 per cent of the 
close pairs show such activity and a stagger- 
ing one-third of the tidally-interacting 
pairs are Seyferts. Not only are there more 
cases of the most violent nuclear activity in 
the closer pairs but almost all galaxies in 
close pairs seem to show enhanced activity, 
as shown by their emission-line properties. 
In short, this survey has shown not only 
that active galaxies are frequently inter- 
acting, but also that interacting galaxies are 
frequently active. 

It is now very clear that what happens in 
the inner few light years of a galactic 
nucleus is not independent of what hap- 
pens in the outer edges of the galaxy, a hun- 





100 years ago 


ON THE EVOLUTION OF FORMS OF 
ORNAMENT 


THE leaf in Dracunculus has a very peculiar 
shape: it consists of a number of lobes which are 
disposed upon a stalk which is more or less 
forked (tends more or less to dichotomise). If 
you call to your minds some of the Pompeian 
wall decorations you will perceive that similar 
forms occur there in all possible variations. 
Stems are regularly seen in decorations that run 
perpendicularly, surrounded by leaves of this 
description. Before this, these suggested the 
ideal of a misunderstood (or very conventional) 
perspective representation of a circular flower. 
Now the form also occurs in this fashion, and 
thus negatives the idea of a perspective 
representation of aclosed flower. It is out of this 
form in combination with the flower-form that 
the series of patterns was developed which we 
have become acquainted with in Roman art, 
especially in the ornament of Titus’s Thermae 
and in the Renaissance period in Raphael’s 
work. 

It is difficult to obtain a firm basis on which to 
conduct our investigations from the historical or 
geographical point of view into this form of art, 
which was introduced into the West by Arabico- 
Moorish culture, and which has since been 
further developed here. There is only one 
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dred thousand light years away. It seems 
that tidal disruption of a galactic disc in a 
close encounter can drive gas into the 
nuclear regions and either fuel quasar ac- 
tivity or at least cause a burst of star forma- 
tion?:'5, Both theoretical and multi- 
wavelength observational studies of the 
details of this fuelling process will be a rich 
field of research for the next few years. 
Meanwhile, lest any aspiring reader be 
tempted to suggest that a close encounter 
of our Galaxy with another triggered quasar 
activity and brought about the extinction 
of the dinosaurs, let me say that quasar ac- 
tivity has already been shown to be totally 
harmless to life on Earth!®!7, o 


1. Kennicutt, R.C. & Keel W.C. Astrophys. J. Lett. 279, LS 
(1984). 

2. Toomre, A. & Toomre, J. Astrophys. J. 178, 623 (1972). 

3. Stockton, A. Astrophys. J. 257, 33 (1982). 

4. Salpeter, E.E. Astrophys. J. 140, 769 (1964). 

$. Setti, G. & Woltjer, L. Astrophys. J. 144, 838 (1966). 

6. Clarke, R.W. & Ryle, M, Mon. Not. R. astr. Soc, 122,349 
(1961). 

7. Schmidt, M. Astrophys. J. 151, 393 (1968). 

8. Stauffer, J. R. Astrophys. J. 262, 66 (1982). 

9. Keel, W.C. Astrophys. J. 269, 466 (1983). 

0. Baade, W. & Minkowski, R. Astrophys. J. 119, 206 (1954). 

1. Osterbrock, D.E. & Miller, J.S. Astrophys. J. 197, $35 
(1975). 

12, Hutchings, J.B. & Campbell, B. Nature 303, $84 (1983), 

13. Dahari, O. Astr. J. 89 (in the press). 

14. Hummel, E. Astr. Astrophys. 96, 111 (1981). 

15. Shklovsky, 1.S. Soviet Astr. 6, 465 (1962). 

16. Fairall, A.P. The Observatory 100, 7 (1980). 

17. Smith, R.C. The Observatory 100, 123 (1980). 





C. Martin Gaskell is in the Department of 
Astronomy, University of Texas, Austin, Texas 
78712, USA. 





method open to us in the determination of the 
form, which is to pass gradually from the richly 
developed and strongly differentiated forms to 
the smaller and simpler ones, even if these latter 
should have appeared contemporaneously or 
even later than the former. Here we have again 
to refer to the fact that has already been 
mentioned, to wit, that Oriental art remained 
stationary throughout long periods of time. In 
point of fact, the simpler forms are invariably 
characterised by a nearer and nearer approach 
to the more ancient patterns and also to the 
natural flower-forms of the Araceae. 





From Nature 30, 272, 17 July 1884. 





_ Semen polyamines in AIDS pathpgenesis 


SIR — Recent correspondence has drawn 
attention to the immunosuppressive pro- 
perties of cellular and soluble constituents 
of human semen which may be significant 
in the aetiology of the acquired immune 
deficiency syndrome (AIDS)'?. The 
discovery of spermatozoa in semen by An- 
toni van Leeuwenhoek in 1677 was accom- 
panied by a description of small crystals 
deposited from seminal fluid* which are 
now known to be composed of spermine 
phosphate. Spermine is present in seminal 
plasma at concentrations between 5 and 15 
mM together with lower concentrations of 
,. another polyamine, spermidine, and their 
© biosynthetic precursor, the diamine 
“-putrescine*, Micromolar quantities of 
either polyamine have been shown to in- 
hibit the in vitro responses of murine lym- 
“phocytes assayed by mitogen stimulation, 
.ooMixed lymphocyte reactions and cytolytic 
< responses, Such inhibitory effects were 
shown to be reversible but they occurred 
only in the presence of calf or fetal calf 
sera, 
Polyamine oxidase activity in ruminant 
sera may form aminoaldehydes and 
acrolein which are known to be toxic to 
cells in culture. Inhibitors of spermine ox- 
idase have been shown to abolish the sup- 
pression of lipopolysaccharide-mediated 
mitogenesis of murine lymphocytes pro- 
duced by fetal calf serum and polyamines 
but all suppression was not necessarily due 
to cytotoxicity’. Indeed, the DNA syn- 
thetic response of human lymphocytes 
stimulated by phytohaemagglutinin can be 
inhibited by spermine or spermidine in the 
presence of fetal calf serum without ap- 
parent cytocidal effects as measured by 
Trypan blue exclusion (V. Tan and 
J.D.W., in preparation). Another recent 
study has shown that the fully acetylated 
diamines hexamethylenebisacetamide and 
diacetylputrescine can cause inhibition of 
murine B lymphocyte activation in the 
absence of ruminant serum’, Thus, 
although their mechanism of action re- 
mains unknown, the polyamines and 
diamine in human semen can be implicated 
-experimentally in immunosuppression. 
- The postulated sequelae of the exposure 
to high concentrations of polyamines in 
human semen could be exacerbated if 
similar immunosuppressive mechanisms 
arise from infections commonly found in 
AIDS patients. Seroepidemiological 
studies have shown antibodies to human 
cytomegalovirus (CMV) in 94% of male 
homosexuals? and 14 out of 15 autopsied 
AIDS cases in one study had disseminated 
CMV infections '°. Infection of MRCS cells 
with human CMV results in increased 
polyamine biosynthesis leading to sper- 
“mine levels 12-fold higher than in 
- uninfected control cells'!!. These virus- 
< induced metabolic changes can be 
calculated to produce enhanced accumula- 
< tión-of polyamines sufficient to be in- 














hibitory in terms of the lymphocyte func- 
tion assays described above. However, 
other in vivo immunomodulatory effects 
mediated by polyamines can be envisaged. 
It is known that exogenous putrescine can 
restore ‘suppressor’ cell activity associated 
with the regulation of haematopoiesis after 
polyamine depletion in mice treated with 
the specific inhibitor DL-a-difluoromethy!- 
ornithine!?. A similar requirement for 
polyamines in the modulation of accessory 
cell activity in the immune system may in- 
fluence T-suppressor cell activity in the 
presence of exogenous polyamines. Immu- 
nosuppression is a significant feature of 
human CMV infection and activation of, 
T-suppressor cells has been shown in cyto- 
megalovirus mononucleosis !, 

Lymphotropic retroviruses have recent- 
ly been isolated specifically from AIDS pa- 
tients but it is still not clear if such infec- 
tions alone can account fully for the im- 
munopathogenesis of the disease!4. If 
other co-factors are required, various 
mechanisms of immunosuppression can be 
proposed which are mediated by com- 
ponents of semen found in the high-risk 
group. Since human CMV is present in 
semen, in addition to saliva and urine, such 
body fluids constitute a potent source of in- 
fection. The presence of polyamines in 
semen and their further production during 
human CMV infection may be significant 
aetiological factors in the pathogenesis of 
AIDS. 

J.D. WILLIAMSON 

Division of Virology, 
Department of Medical Microbiology, 
St Mary’s Hospital Medical School, 
London W2 IPG, UK 
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Bw we 


SIR — I would like to acknowledge an over- 
sight in our recent letter (Nature 308, 230; 
1984), in which we did not, but should have 
cited Mavligit et al. (J. Am. med. Ass. 251, 
237; 1984) for pointing out the difference 
between the epithelial lining of the vagina 
and the rectum. 
GENE M. SHEARER 
A. RABSON 
National Institutes of Health, 
National Cancer Institute, 
Bethesda, Maryland 20205, USA 
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Caution on AIDS viruses 
SIR — Since human T-cell leukaemia viru: 
(HTLV) 1 and HTLV 2 have been isolated 
from patients with acquired immune defi 
ciency syndrome (AIDS), there are now 2 
least three or possibly four T lymphotropi 
viruses that can be associated with this.s) 
drome (if lymphadenopathy-associates 
virus proves to be different from HTLV 
If at least three T-cell tropic viruses ar 
recoverable from AIDS patients, albei 
with different frequencies, it suggests tha 
they are more likely to represent op 
tunistic infections or reactivations fron 
latency. This is not to say that they play ni 


The problem of so many isolates is no 
mitigated by a possible relationship bet 
ween them, nor by differences in isolatio: 
frequency. This difficulty does not seem te 
bother Dr Groopman (Nature 308, 769. 
1984), who appears satisfied that the causa 
tion of AIDS has been revealed. 

AIDS is indeed a tragic disease, as: Dr 
Groopman notes. This tragedy can only 
compounded by premature interpretation 
of the role of new viral isolates with the pro- 
mise of a vaccine, and a diminished focu: 
on other possible aetiologic factors. 
J.A. SONNABEN! 
49 West 12th Street, i 
New York, 

New York 10011, USA 





Somatic gene mutation 
and breast carcinoma 


SIR — In her crisp summary on the new in 
formation concerning recessive mutations 
in Wilm’s tumour and retinoblastoma an 
her presentation of likely mechanisms 0 
their evolution, Ellen Solomon (Natur 
309, 111; 1984) suggests the possibility tha 
similar mechanisms may lie behind th 
more common carcinomas of late onset 
and these should now be explored. She 
points out that any such efforts ar 
hampered by the ‘“‘haystack’’ problem 
because of our lack of knowledge abou 
which chromosome to study with DNA 
probes. The challenge of finding out if th 
tumour cells contain increased hemi- o 
homozygosity is reasonable when genes ¢ 
pinpointed by the breakpoint of a specifi 
chromosome change but, as Ellen Solomo 
Stresses, it is often difficult to obtain ade 
quate preparations from carcinomas soit is 
not yet known if they carry specifi 
chromosome abnormalities. 
We have recently tried to overcome thes 
problems and fill the gap in our knowledg 
of breast carcinoma by cytogenetic “in: 
vestigations using consecutive bandin 
techniques on direct chromosome prepara: 
tions from 111 breast carcinomas obtaine 
at mastectomy from 110 women and 1 man 
(Rodgers et al. Cancer Genet. Cytogenet: 
in the press). 
All tumour samples which contajned 
cells in mitosis (52/111, 47%). show 
chromosome abnormalities which in a high 





a _ proportion of cases were extremely com- 
= plex. Nevertheless we were interested to 
_ find that among the tumours in the diploid 
range (20/52, 38%) there were some which 
n could be investigated in detail and a few 
with only little chromosome change. 

4 Even more interesting was the finding 
_ that of the three tumours which carried the 
~ least chromosome change the simplest was 
__ pseudodiploid, having only monosomy 16 


_ identical changes were seen in a second 
= tumour although there was an additional 
_ marker in this case. The third tumour was 
_ slightly more complex, and included in the 
= seven markers were a chromosome 1 
marker t(1;2)(1qter->1q21::2q33->2qter) 
= and also a deleted chromosome 16, 
 del(16)(qter->p21:). 
It seems reasonable to conclude that any 
A search for somatic gene mutations in breast 
= carcinoma should be directed to either 
_ chromosome 16 or to the long arm of 
E isone 1. As markers involving the 
{ long arm of chromosome | have also been 
_ shown for other carcinomas and malignan- 
cies such as myelomas, lymphomas and 
_ melanomas, it seems that monosomy and 
thus hemizygosity for chromosome 16 
_ might be the more relevant. 
| MAJ HULTEN 
_ Regional Cytogenetics Laboratory, 
_ East Birmingham Hospital,’ 
_ Bordesley Green East, 
Birmingham B9 5ST, UK 


_ Mutualism disagreement 
_ SIR — We have commented previously on 
_ May’s views about the global distribution 
_ of mutualism "?, In his recent article *, he 
_ contrasts ‘‘tight mutualistic associations 
_ between clearly distinct species” and ‘‘en- 
_ tities like lichens, where algae and fungi are 
fused into something akin to a single 
organism’’. He then excludes the latter 
_ types from his considerations. This evades 
_ the fact that the participants of lichens and 
similar associations (Table 1 of ref. 4 lists 
_ 25 such kinds) still have separate identities 
and genetics, and distinct (yet interesting) 
>  eppulation dynamics and patterns of 
evolution. Sounder reasons for selection of 
particular sub-sets from the range of 

= mutualisms available are required. 

The supposed (but disputed?) in- 
% conspicuousness of ecologically obligate 
_ mutualisms in temperate regions is used to 
Brovice backing to a theory, also mention- 
ed by May’, which predicts that such 
_mutualisms are dynamically fragile and 
q _ therefore more likely to be found in 
i -tropical environments, assumed to be more 
-stable than temperate ones. Clearly, if this 
= theory is tested on data from which 
_ obligate mutualisms common in temperate 
= environments have been excluded, the con- 
fe clusions reached are unlikely to reflect 
= reality. It would more instructive to 
= assess those features of the theory which 
= ar& responsible for such an unrealistic 
prediction about the geographical distribu- 
= tion of obligate mutualists. One likely 


= and the marker del (1)(qter->p21:) and, 
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feature is the theory’s lack of a spatial 
dimension, for it can bedemonstrated that 
obligate mutualists are more resilient 
against environmental changes if they are 
able to diffuse through space **. 


` CORRESPONDENCE- 


R. LAW 
Department of Biology, 
University of York, 
York YOI SDD, UK 
V. HUTSON 
Department of Applied Mathematics, 
University of Sheffield 
D.H. LEWIS 
Department of Botany, 
University of Sheffield, 


Sheffield S10 2TN, UK 
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PEIES morphology 


Sır — Hecht and Tarsitano'’, in their res- 
ponse to my necessarily brief News and 
Views article?, accuse me of ‘‘distorting 
and misrepresenting (their) viewpoints” 
concerning the morphology and homol- 
ogies of the manus of Archaeopteryx. In 
my article I was concerned solely to high- 
light aspects of disputed morphology 
which could be settled by a comparison of 
the actual specimens, if they could be 
gathered together for the forthcoming 
Eichstatt symposium. 

Nowhere in the article did I refer to the 
homologies of the digits of Archaeopteryx, 
either with modern birds or theropod dino- 
saurs; nor did I suggest that Archaeopteryx 
might have a digital reduction pattern of 
1.2.3 as Hecht and Tarsitano state’. I can 
only assume that because I favoured a 
phalangeal formula of 2.3.4, Hecht and 
Tarsitano presumed that I must also favour 
the preservation of the ancestral phalan- 
geal formula and hence a 1.2.3 digital 
reduction pattern. However, a phalangeal 
formula of 2.3.4 can be derived via a 1.2.3 
or 2.3.4 digital reduction pattern from a 
primitive reptilian manus of five digits with 
a phalangeal formula of 2.3.4.5.3. If the 
2.3.4 digital reduction pattern is accepted, 
then a 2.3.4 phalangeal formula is less 
derived than would be the case if the 
broken phalanx hypothesis is accepted, as 
this would give a phalangeal formula of 
23.35 

On the question of this supposed break 
in the topographic third digit, Hecht and 
Tarsitano are quite definite. ‘‘We regard 
the articulation between the first and se- 
cond phalanges as displacement and break- 
age”? (p.161), and their illustrations 
(pp. 156-157) label the joint as a ‘‘break 
within (the) first phalanx of the fourth 
digit’’. After criticism of this point* they 
become more circumspect, but still argue 
the case for a break‘, citing Heller’s® 
mistaken restoration (see plate 7 of ref.6) 
of the left manus of the Maxberg specimen 
as an example of an unbroken phalanx. 
However, a perusal of the accompanying 
photographs (plates 9 and 11 of ref.6) 
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Fig.1 The left manus of the Berlin specimen 
showing the supposed break (actually a joint, 
black arrow) in the first phalanx of the third topo- 
graphic digit and the outgrowth (the ‘‘flange’’ 
of Hecht and Tarsitano, white arrow) on the 
first phalanx of the second topographic digit. 


reveals the ‘“‘unbroken phalanx” as two 
distinct impressions, and my own detailed 
photographs of the critical area of the 
Berlin specimen? (Fig. 1) show that the sup- 
posed break is as good a joint as the other, 
undisputed joints illustrated. 

My second ‘‘distortion and misinterpre- 
tation’ concerns the function of the sup- 
posed flange. Hecht and Tarsitano’ regard 
this structure as ‘‘a brace or point of at- 
tachment”’ (p.162). In the absence of any 
explanation as to what this means I think 
that I am entitled to describe the function 
as ‘‘to brace and strengthen’’*. I might add 
that to brace a part of the wing serves to 
brace the structure as a whole. 

The flange, however, appears to be a 
pathological outgrowth as it has a different 
texture from the smooth bone of the 
phalanx, being more rugose. It also has a 
distinct margin, which cuts across (over- 
grows?) a linear structure near the left-hand 
margin of the exposed bone (see Fig.1). 

As for Hecht and Tarsitano’s ‘‘crash- 
dive” scenario ™$, a joint is not ‘‘caused by 
forces during stalling (or) . . . impact’’!, 
only a break. The crossing of the fingers, 
which can be seen in the Berlin and Eich- 
statt specimens (both hands) and the Max- 
berg specimen (one hand), are attributed to _ 
the same ‘‘catastrophic’’ cause. This twist- 
ing has a much more parsimonious ex- 
planation as being due to the heeling over 
of the strongly arched claws sideways‘ as 
the dead animal settled on the sea bed. 
Hecht and Tarsitano do their case for the 
homology of avian digits with those of Ar- 
chaeopteryx no good by a myopic view of 
palaeontology and an extravagant use of ad 
hoc scenarios. 

M. E. HOWGATE 
Department of Zoology, 
University College London, 
Gower Street, London WC1 6BT, UK 
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A microchemical facility for the analysis and : 
synthesis of genes and proteins 


| M. Hunkapiller’, S. Kent, M. Caruthers’, W. Dreyer, J. Firca*, C. Giffin’, S. Horvath, 
T. Hunkapiller, P. Tempst & L. Hood ; 


Division of Biology, California Institute of Technology, Pasadena, California 91125, USA 














k A series of automated instruments that use state-of-the-art chemical methods has been developed fe 
high-sensitivity protein sequencing, DNA synthesis and peptide synthesis. These intruments have been 
-integrated into a centralized microchemical facility in order to promote their use for the study of a 
variety of biologically interesting problems. This facility has as one of its major functions the developmen 
of new chemistries and instrumentation for the structural analysis and synthesis of genes and proteins. 













IN physics, the development of centralized facilities housing 
complex instruments such as synchrotrons and accelerators has 
promoted collective scientific efforts by researchers with a variety 
of backgrounds and interests. These sophisticated facilities and 
the joint efforts they foster have permitted the analysis of matter 
and forces with increasing levels of sensitivity and have, accord- 
ingly, changed our views of the world and of the matter of which 
itis composed. In a similar manner, the development of sophisti- 
cated instrumentation in biology permits the analysis of very 
small quantities of protein and the rapid synthesis of oligonu- 
-> cleotides and protein—methodologies which are revolutionizing 
< modern biology. 
< U About 10 years ago at Caltech (California Institute of Tech- 
nology) we set out to develop a new instrument called the protein 
microsequenator to decrease the amount of protein required for 
amino acid sequence analysis. Subsequently, we initiated the 
development of a series of instruménts that allow us to synthesize 
and analyse genes and proteins using more sensitive or effective 
chemistries than those generally available elsewhere. We call 
this collection of instruments the Caltech Microchemical Facility 
(see Table 1); it now includes several gas-phase protein micro- 
sequenators, an automated DNA synthesizer, a peptide syn- 
thesizer and a computer with sophisticated software for the 
analysis of protein and gene sequence data. The microchemical 
facility performs two important functions—state-of-the-art 
analysis or synthesis and the development of new chemistries 
>. and instrumentation; for example, we are presently developing 
- a highly sensitive mass spectrometer for analysis of amino acid 
lerivatives, and an automated DNA sequencer. 
_ Here we describe the instruments comprising the facility and 
the techniques used. 












< Amino acid sequence analysis 


Our gas-phase protein microsequenator for the direct sequence 
analysis of proteins and peptides uses Edman degradation', a 
repetitive reaction in which the a-amino group of the polypep- 
tide chain is coupled to phenyl isothiocyanate in alkaline con- 

+, ditions, whereupon the amino acid can be cleaved from the 
¿remainder of the peptide with acid (Fig. 1). The resulting amino 
_ -acid derivative (an anilinothiazolinone) is converted to the more 








* Present addresses: Applied Biosystems, Inc., Foster City, California 
4404, USA (M.H.); Department of Chemistry, University of Colorado, 
ulder, Colorado 80309,.USA (M.C.); Abbott Laboratories, Inc., 
cago, Illinois 60064, USA (J.F.); Jet Propulsion Laboratory, 
Pasadena, California 91109, USA (C.G,). 






































stable phenylthiohydantoin (PTH) amino acid, which is ana 
lysed by HPLC. The remaining peptide is subjected to furthe 
degradation cycles to generate its full amino acid sequence. 

Per Edman automated this chemical reaction in 1967: by 
developing the first protein sequenator’. His instrument, called 
a spinning cup (or liquid-phase) sequenator, is a sophisticated 
device in which an automated controller directs the transfer ol 
liquid reagents and solvents to and from a reaction vessel co 
taining the peptide. While the original sequenator provided a 
dramatic increase in sensitivity and speed over previous sequent: 
ing methods, it required ~100 nmol of protein for sequence 
analysis. Although commercial versions of the spinning cup 
intruments can now operate routinely using but a few 
nanomoles, many proteins of interest to molecular and chemical 
biologists are even then only available in much smaller quan 
tities. This led us to modify the Edman technique to yield th 
gas-phase sequenators we now use**. 

In these machines, the peptide is contained not on the wal 
of a spinning glass cup but on the surface of a thin disk of glas 
filter paper mounted inside a small glass column. Polybrene, 
polymeric quaternary ammonium salt that adheres strongly t 
both glass surfaces and proteins, prevents the protein from bein 
dislodged by solvents flowing through the column. The use 0 
Polybrene, originally described for sequencing peptides in th 
spinning cup sequenator’, éliminates the need to covalentl 
attach very small quantities of protein or peptide to a solid 
support before placing it in the column. The Polybrene suppo 
requires that the Edman reagents, particularly the coupling bas 
and cleavage acid, be delivered as vapours (carried by a strean 


Table 1 Caltech Biology Microchemical Instrumentation Facilit 





Instrument Function 


Primary structural analysis (order 
of amino acids) in proteins and 
peptides 

High-sensitivity analysis of 
complex mixtures of 
biochemicals 

Automated synthesis of 
oligonucleotides (genes) ; 

Automated syÑhesis of peptides... 
and fragments of proteins 

Analysis of DNA and protein 
sequence data 


Protein microsequenator 
EOID mass spectrometer 


DNA synthesizer 


Peptide synthesizer 


Laboratory computer bd 
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Fig. 1 Modified reagent for improved detectability in protein 
equencing. The reagent (a) contains a cryptic functional group. 
In Edman degradation (b) the functional group is unblocked, 
iving rise to ‘amino-PTH’ derivatives which can be used to yield 
fluorescent derivatives that are more sensitively detected. 


“an inert gas such as argon) which readily diffuse into the 
alybrene film containing the peptide. The mechanical flow 
‘operties and smali size of the column allow quick and efficient 
Ivent flushing after successive steps of the chemical degra- 
tion; the anilinothiazolinones produced are carried from the 
jumn by a few hundred microlitres of solvent, free of the 
cess reagents and reaction by-products that contaminate the 
ples from a spinning cup. This is why subsequent analysis 
the PTH amino acids can be performed at the picomole rather 
an the nanomole level. 

e gas-phase sequenator has several advantages over the 
inning cup sequenators, the most important of which is sensi- 
ivity. The gas-phase instrument requires as little as 5 pmol of 
most proteins and 20 pmol of many peptides for sequence analy- 
Although not all samples yield comparable results, sequence 
lysis using <100 pmol is now routine. The gas-phase 
quenator also exhibits high efficiency as measured by the 
titive cycle yield, which ranges from 98% with 10 nmol of 
into 92% with 10 pmol, resulting in the successful identifi- 
on of 90 and 21 amino acid residues, respectively, in single 
lyses’. This ability to determine long stretches of sequences 
imizes the need to resort to multiple chemical or enzymatic 
eavages to generate many small peptides for further analysis 
a protein or large peptide. As a rule of thumb, the sequenator 
provide analyses extending to 70 residues or more with a 
“nanomoles of protein, nearly complete sequences of small 
edium-sized peptides (<40 residues) with a few hundred 
moles.or less, and analysis of 15-30 residues with as little 
20 pmol of proteins and many peptides. A third key feature 
he gas-phase sequenator is its versatility. The machine can 
indle a wide variety of samples**, including glycoproteins, 
gral membrane proteins, proteins and peptides purified by 
e- or two-dimensional polyacrylamide gel electrophoresis 
PAGE) and isoelectric focusing, short hydrophobic peptides, 
e proteins (molecular weight > 100,000), and. peptides con- 
ining numerous prolyl residues. 
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Fig. 2 Electro-optical ion detector array mass spectrometer. A 
block diagram of the instrument is shown in the upper half of the 
figure. The lower part shows the geometry of the mass spectrometer 
and detail of the ion detector. The instrument simultaneously 
monitors the entire mass range 25-500 amu and can detect the 
arrival of a single ion with resolution of 0.1 AMU, giving fmol 
sensitivity for PTH analysis. The entire instrument (sample hand- 
ling, acquisition of the mass spectra, data reduction) is computer- 
operated with a sample turn-around time of less than 5 min. 


The practical success of microsequencing crucially depends 
on the ability to purify and manipulate small quantities of 
peptide without either losing the sample or introducing contami- 
nation. The failure of this procedure can often be traced to loss 
of sample during its final purification (perhaps because it 
adheres to the walls of test tubes), to chemical blockage of the 
amino-terminus of the peptide by exposure to amino-reactive 
compounds at the same stage (for example, by reaction with 
cyanate present in urea solutions), or to contamination by 
reagents (or their impurities) which may interfere with the 
Edman chemistry or HPLC analysis of its product (for example, 
nonvolatile buffer salts or gel components). 

Extremely pure reagents and solvents must therefore be used 
during the preparation and analysis of proteins. HPLC and 
PAGE (for large peptides and proteins) are suitable. HPLC is 
the faster and simpler method and causes little damage to the 
samples, while the development of volatile elution systems 
(aqueous trifluoroacetic acid solution® and an organic solvent 
such as acetonitrile or propanol) makes handling of peptides 
particularly easy because the eluted samples can be applied 
directly to the sequenator. Many large proteins can now be 
efficiently chromatographed on the newer 300 um pore HPLC 
supports’ using these volatile solvents. We have found, using 
volatile solvents and short (C, and C,) alkylsilane-bonded large 
pore size silicas, that peptides and proteins in a size range from 
five amino acids up to > 100,000 daltons can be separated in a 
single run, and that more than 90% of the sample is recovered’. 
In sample purification with PAGE, damage, loss or contamina- 
tion of the sample are less easily avoided, but electroclution of- 



















Fig. 3 Chemical synthesis of 
oligonucleotides. The steps involved 
in. the phosphoramidite method are 
shown: the dimethoxytrityl (DMT) 
5' OH protecting group is removed 
from the silica-bound 3’ nucleoside. 
The nucleoside phosphoramidite is 
activated with tetrazole and immedi- 
ately reacted with the growing chain. 
The resulting phosphite triester is 
oxidized to the phosphotriester with 
iodine. This cycle is repeated until 
the desired chain has been 
assembled. Protecting groups are 
removed and the chain cleaved from 
the silica support, and the target 
oligonucleotide-purified. Enhanced 
stability of the nucleoside phos- 
phoramidites makes automated syn- 
thesis practical. Yields are typically 
95-98% per cycle. 
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“proteins from gels after electrophoresis and subsequent staining 
«with Coomassie blue’, or continuous elution of samples from 
the end of small SDS-PAGE disk gels during electrophoresis 
AMH, E. Lujan and L.H., unpublished results), can yield 
submicrogram amounts of protein. Both methods allow the 
“separation of proteins of very similar molecular weights (<2% 
difference) and, when necessary, proteins separated by PAGE 
can be subjected to further purification by HPLC based on their 
hydrophobic properties. 

In principle, it appears that the gas-phase sequenator can 
analyse samples at the subpicomole range although present 
limitations on HPLC sensitivity prevent this. One of us (S.K.) 
has recently introduced" a novel class of Edman reagents (Fig. 
1) to enhance the sensitivity of the HPLC. These isothiocyanates 


contain a cryptic chemical function revealed only during the 


Edman chemistry, which can be exploited to form fluorescent 
products or other derivatives with enhanced UV or visible 
absorbance. For example, the sequencing efficiency of 4-( N~fert- 
butyloxycarbonylaminomethyl)phenyl isothiocyanate has been 
shown to be similar to that of phenyl isothiocyanate. The 
aminomethylphenyithiohydantoins produced with this reagent 
(after separation by HPLC) can be detected by conventional 
UV absorbance as. well as by the fluorescence of derivatives. 
Preliminary studies show a severalfold increase of sensitivity 
compared with conventional phenylthiohydantoins, with 
detectability well into the subpicomole range (R. Aebersold, 
L.H. and S.K., unpublished results)'®. We are now working to 
increase the sensitivity by adapting this reagent for use in our 
automated sequenators. 


à Mass spectrometry 


In another effort to exploit the potential sensitivity of the gas- 
phase sequenator, we and engineers at the Jet Propulsion 
Laboratory (JPL) are developing a sensitive mass spec- 
trometer''~? that will replace our HPLC unit for PTH amino 
acid analysis. This instrument is small, stable, and simple to 
operate (Fig. 2). An HPLC-type autosampler is used to deliver 
aliquots of the sample solution to the tip of a silanized, fused- 
silica injection probe, where they are dried by evaporation and 
automatically inserted into the ion source of the mass spec- 
trometer. Ions derived from the sample are accelerated, separ- 
ated according to mass/charge ratio by the fixed electric and 
magnetic fields of the mass spectrometer, and focused onto an 
integrating detector which uses electro-optical methods to gener- 
ate and amplify a computer- -compatible signal representative of 
the total charge accumulated in each ion beam. The signals 
generated by several thousand discrete detector elements placed 
along the ion focal plane are fed into a real-time array processor. 
The partially processed data are stored on a 40-megabyte hard 

isk for later access by a minicomputer that calculates the PTH 
amino acid distribution in each sample before the next one is 
injected. 
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The unique aspect of the JPL-Caltech mass spectrometer 
that it can be used to monitor simultaneously all ion beams 
a wide mass range with sufficient signal-to-noise ratio to dete 
the arrival of single ions at the focal plane. Its electro-op 
ion detection array (EOID, Fig. 2) has 25,000 electron-multipli 
detector units per centimetre along the focal plane. Tons imp 
ing on one of the detector elements produce an electron 
which is.then converted to a photon pulse from a phosphi 
screen (10° total. amplification). By means of fibre optics, 
image of the focal plane is obtained on an array of 5,1 
photodiodes, corresponding to a mass range of 25-500 ato 
mass units. As the accumulated charge across a capacitor 
each photodiode is a measure of the number of ions reaching 
the corresponding part of the focal plane, the entire mass spi 
trum can be integrated over times as short as tens of millisecond: 
up to several seconds. 

The sensitivity limits range from 0.5 fmol (PTH-proline) 
10 fmol (PTH-arginine), making the mass spectrometer 10 
1,000 times more sensitive than our present HPLC. analy 
system, while the sample analysis time is <5 min (compar 
with 30 min), so that one mass spectrometer should be able: 
handle PTH amino acid samples from several gas-ph 
sequenators, each with a sample generation time of 50 
When the EOID mass spectrometer is fully operational 
expect to be able to analyse subpicomole quantities of protei 
with the gas-phase sequenators. Then, we should be able tou! 
the analytical technique with highest resolution, tw 
dimensional PAGE, as a preparative method to isolate protein 
for sequence analysis. 


DNA synthesis 


Rapid, solid-phase methods for synthesizing oligonucleotide: 
have largely replaced the slower, liquid-phase methods used i 
the pioneering work on chemical DNA synthesis'*. We h 
incorporated a solid-phase technique using phosphite couplin 
chemistry'*'®, previously aia by one of us (M.C.), i 
an automated DNA synthesizer using a mechanical des 
similar to that used in our gas-phase sequenator. The oli 
nucleotides are synthesized by the stepwise addition 
monodeoxynucleoside 3'-phosphoramidites to the 5’ -hydroxy 
group of a DNA chain, itself covalently linked through it 
3'-hydroxyl group to a derivatized, macroporous silica suppo 
The individual steps for each addition are shown in Fig. 3. Onc 
the desired number of monomers has been added to the grow 
polymer, the completed oligonucleotide is removed from th 
silica support and the remaining blocking groups are remo 
from the DNA by treatment with thiophenol and ammoniur 
hydroxide. The correct oligonucleotide is separated by PAGI 
or HPLC from shorter fragments arising from incomplete coup 
lings. . 

This automated synthesizer has several interesting featur 
(1) As oligonucleotides are synthesized on an insoluble polyme 

















































Fig.4 Reverse-phase HPLC of the product of chemical synthesis 
of the 36-amino acid residue egg-laying hormone from Aplysia 
californica, The chromatogram in a shows the crude product 
directly after cleavage and deprotection. The purified peptide is 
shown in b. Conditions for both runs: Vydac C, 300-A pore 
column, flow rate 0.70 mi min™’; buffer A, 0.16% trifluoroacetic 
_acid (TFA) in H,O; buffer B, 0.10% TFA in l-propanol: gradient 
15-35% buffer B in 60 min; detection at 215 nm. The peptide 
was also characterized by quantitative sequencing, amino acid 
: analysis, etc. 


support, purification is simplified at intermediate steps; excess 
agents and most unwanted reaction by-products can be washed 
from the support by solvents without removing the growing 
polymer from the reaction vessel. (2) Nucleoside 3’-phos- 
phoramidites are stable compounds which can be stored in 
solution under dry argon for several weeks without significant 
deterioration. They are activated immediately before condensa- 
ion by mixing with a solution of tetrazole in a pre-reaction 
vessel before being pumped through the main reaction vessel. 
This in situ activation avoids the problem of reagent instability 
nherent in the use of nucleoside 3'-phosphochloridites as in 
other automated DNA synthesizers. ‘Mixed probes’, mixtures 

f oligonucleotides having identical base sequences at most 
positions but with two or more bases at others, can be synthesized 
from appropriate mixtures of phosphoramidites. (3) The process 
rapid, each monomer addition cycle lasting only 10 min. (4) 
cause condensation yields exceed 96% with each of the acti- 
‘ated nucleosides, fully automated synthesis of DNA >50 
cleotides long is possible. (5) Reagents and solvents are 
nsferred by pneumatic pressure (argon), not mechanical 
imps. This mechanism avoids the blockage by air bubbles that 
lagues mechanical pumps, causes less physical destruction of 
silica support by pressure pulsations and, together with the 
miniaturized zero-dead-volume valves used in the synthesizer, 
ses only small quantities of reagents and solvents. (6) The 
nthesis can be adapted readily to produce quantities of 
gonucleotides ranging from 1 to 100 pmol by using reaction 
ressels of appropriate size. 


* 


eptides can be synthesized chemically using either solution 
nethods’* or the solid-phase method'’. In solution synthesis, 
ptides are constructed by successive couplings of short frag- 
nts, 3-5 amino’ acid residues long. At each stage of the 
ynthesis—that is, after each coupling—the intermediate pep- 

es are purified to remove any unreacted precursor peptides 
efore proceeding to the next step. In solid-phase methods'’, 





single amino acid residues are added successively to the growin 


peptide chain which is covalently attached to a solid support 
by the carboxy-terminal amino acid. Excess reagents can be 
removed from the growing peptide by simply flushing with 
solvent, thereby eliminating the need for time-consuming purifi- 
cation of peptide intermediates. However, if the coupling 
efficiencies at each cycle are not close to 100%, that is, if the 
coupling does not approach completion, the accumulation of 
failure sequences severely limits the length of peptide that can 
be synthesized, In the past, a series of chemical reactions have 
kept yields at each cycle to ~96%. 

Accordingly, we are developing an automated peptide syn- 
thesizer based on an optimized solid-phase synthetic chemistry 
already developed by one of us (S.K., unpublished)”°?', Our 
process uses a chemically clean, stable derivatized poly- 
styrene/divinylbenzene co-polymer resin for covalent anchoring 
of the peptide, and uses activated tert-butyloxycarbonylamino 
acid derivatives which couple to form the peptide. Coupling 
efficiencies are greater than 99.8%, a high enough yield to allow 
the synthesis of long peptides (>70 amino acid residues). 

Much of this has been accomplished by recent appreciation 
of the role of the cross-linked polymer support in keeping 
protected peptide intermediates in solution and available for 
reaction’'~**. The poor solubility of synthetic intermediates, and 
the consequent incomplete reactions, is, by contrast, the main 
problem besetting conventional solution peptide synthesis. This 
insight has enabled the development of an optimized solid-phase 
peptide synthesis based on new chemistry, new resin supports 
and quantitative monitoring of each synthetic cycle. Entire 
classes of reaction by-products, previously thought to be inher- 
ent to the solid-phase approach, have been eliminated, so that 
there has followed a spectacular improvement in the synthesis - 
of long peptides in high yields.and of high product purity (Fig. 
4). In most cases, the need for purification of the crude product 
peptides before preliminary screening for biological activity has 
been eliminated. Subsequently, the crude peptides can readily 
be purified by high-resolution ion-exchange or reverse-phase 
chromatography. 

Our automated peptide synthesizer has been designed to 
exploit both these advances in solid-phase peptide chemistry 
and the proven mechanical design of our gas-phase protein 
sequenator and automated DNA synthesizer. Sequence-depen- 
dent variations in the synthetic chemistry can be programmed 
by user-interactive software into each synthesis cycle during the 
construction of long peptides. The high coupling efficiencies 
(>99.8% per cycle) and short cycle times (as little as 30 min 
per amino acid) should allow automated synthesis of 50-residue 
peptides in 1~2 days. 


Computer analysis 


As an integral part of our facility, one of us (T.H.) has developed 
a comprehensive information system to link sources of data (for 
example, HPLC units for protein sequencing and 
autoradiograms for DNA sequencing) with various information- 
processing systems. The core of our system is a Hewlett-Packard 
2113E minicomputer with a high-speed processor and a real-time 
executive operating system (RTE6-V/M) designed to handle 
large amounts of data flexibly. The system provides automatic 
control and monitoring of remote instrumentation (such as 
HPLCs) and permits concurrent access by several users to ana- 
lytical software as well as various local and national databases 
by means of a series of linked, interactive, menu-driven control 
routines. The system contains sufficient hard disk memory so 
that all the programs and databases are permanently on-line. 
We have five linked groups of programs in operation. 
Spectrophotometric data from HPLCs are digitized, stored and 
processed by the 3357 Lab Automation System (LAS), a Hewlett- 
Packard: software package. Chromatographic data are further 
manipulated and converted into a protein sequence by the 
protein master PROMST, a collection of mathematical and 
graphic programs. designed at Caltech to take the reduced 





Fig. 5 A dot matrix analysis of the switch 
region of the a immunoglobulin gene. A seg- 
ment of switch region sequence associated 
with the mouse C, immunoglobulin gene is 
compared with itself. A dot has been placed 
wherever three contiguous bases in one 
sequence match three in the other sequence. 
The solid diagonal line represents the line of 
identity arising from the comparison of the 
sequence with itself. Any offset diagonals rep- 
resent direct repeats within the sequence. That 
this region is constructed primarily of tan- 
demly arrayed 80-base pair homology units 
is apparent from the series of major offset 
diagonals spaced at 80-base intervals. Two 
groups of contiguous exact 5-base pair repeats 
are responsible for the two box-like features 
along the identity diagonal. 


chromatographic data and turn them into a protein sequence. 
The DNA master DNAMST is a collection of programs for the 
input, analysis and display of nucleic acid and protein sequen- 
ces. DNAMST includes a standard array of routines for 
sequence file manipulation and primary analyses (translation, 
restriction enzyme site search, etc.), as well as unique routines 
for sequence relational studies (alignments, genealogical trees, 
etc.) and entropy (structural) analysis of particular sequences. 
The user plot (USRPLT) is a general system for graphic design 
that can manipulate files from both PROMST and DNAMST 
to generate technical illustrations. Citation master (CITMST) 
is a database and retrieval system which can generate reference 
lists according to specific journal formats for use in laboratory 
publications. 

The importance of computer-aided data analysis to the 
operation of the Microchemical Facility cannot be overempha- 
sized. Our experience with a pair of two-dimensional matrix 
analysis programs designed to identify the homology relation- 
ships between DNA (or protein) sequences, illustrates this role 
(Figs 5, 6). One of these (dot matrix analysis?) places the two 
sequences to be compared on the x and y axes of a two- 
dimensional matrix and compares a short nucleotide sequence 
from the y axis with every same-length sequence from the x 


axis (Fig. 5). All matrix positions corresponding to sequence 


identities are represented by a dot; homologous sequences gen- 
erate distinct diagonal lines superimposed on a background of 
randomly placed dots. Two sequences which are homologous 
except for a gap in one of the sequences generate diagonals 
which are offset from one another by precisely the number of 
missing nucleotides. Internal homology relationships are evident 
as diagonals offset from the major diagonal and can readily be 
demonstrated when a sequence is compared with itself (see 
Fig. 5). 
Another two-dimensional matrix analysis program, the best-fit 
matrix routine (T.H., in preparation), is more useful for compar- 
ing more distantly related sequences (Fig. 6). The two sequences 


‘are again figuratively placed on the x and y axes of the matrix 





„anda short sequence of nucleotides from the y axis compared 


ee with every same-length sequence from the x axis, but a dot is 





- assigned-only to the matrix. position corresponding to the high- 






























est-scored pairing. A match between the central base pair o 
two aligned segments adds one to the assigned score but othe 
base matches add to the score a value that decreases from on 
through an arithmetic scale according to the pair's distance from 
the centre of the segment. Comparison lengths are typical! 
between 11 and 61 bases. Not only can the routine reveal 
homologies too weak to be detected by the dot matrix routine, 
but it also filters out most of the distracting background. 


Applications 


General strategy. Three biotechnologies—recombinant DNA, 
monoclonal antibodies and microchemical instrumentation— 
which have been developed in the last 10 years, have had, and 
will continue to have, a profound impact on our ability to tackle. 
fundamental biological problems. As illustrated in Fig. 7, these 
techniques are synergistic in that the scientist can start at an 
point (protein, messenger RNA (mRNA) or genes) and use th 
biotechnologies in combination to generate genes from protein 
or proteins from genes and at the same time to produce highly 
specific reagents to identify gene products. Thus, there is almost: 
complete symmetry in our ability to approach the isolation o 
genes and the identification of proteins at any point on this circle 
Rare-message genes. The unique capabilities of the Micro- 
chemical Facility are particularly suited to the study of gen 
from which only small quantities of mRNA are transcribed 
including those coding for most receptor molecules, growth anc 
differentiation factors, and hormones. These are difficult to 
isolate by conventional techniques that use biological assays to 
screen expression products derived from the mRNAs since they. 
may only be present at levels of 0.1-0.0001%; they may, 
however, be identified with the Microchemical Facility (see Fig 
8) as described below. : 

Microgram quantities of purified proteins or peptides are. 
subjected to amino acid sequence analysis using the gas-phasé 
microsequenator and 5~7-residue stretches of the amino acid 
sequence are translated by the genetic code%o identify all pos- 
sible originating DNA sequences. One to three stretches with: 
minimal ambiguity at the DNA level are selected, and all of the: 
14-20-mer oligonucleotides encoding these regions are made 
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Fig.6 Comparisons of exon 4 of the mouse C, immunoglobulin 
gene (y axis) with exon 4 of the H-2L4 class I gene (x axis) using 
he. dot matrix (see Fig. 5} and best-fit matrix routines. The dot 
matrix (left) marks with a dot each identity of three contiguous 
bases. The best-fit comparison (right) plots’ the best score for 
pairings of 51 bases (25 bases on either side of aligned base pairs). 
The two major lines not only indicate homology between the two 
genes, but also homology between the first and second halves of 
_theexons. Clearly, the best-fit matrix analysis eliminates much of 
he noise present in the dot matrix analysis in comparing these 
two distantly related gene fragments (see text). 
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Fig. 7 A diagrammatic representation of the synergy of three 
biotechnologies—recombinant DNA technology, microchemical 
instrumentation and monoclonal! antibodies. 


sing the automated DNA synthesizer. These oligonucleotides 
reused to screen complementary DNA (cDNA) libraries con- 
ining the desired gene*’*, Alternatively, the 3’-most oligo- 
‘ucleotide mixture may be used as a specific primer to generate 
cDNA library which can then be screened with the remaining 
ynthetic probes, 

If the protein amino acid sequence data available from the 
wosequencing are sufficient to provide several reasonably 
ambiguous DNA probe mixtures, it may be possible to clone 
are-message genes directly from genomic rather than cDNA 
ibraries, despite the more than 100-fold increase in complexity 
the typical genomic library, by successive screening of clones 
itive to one probe, with other probes. To screen oligo(dT)- 
med cDNA libraries for rather large gene transcripts, or 
RNAs containing large untranslated regions at the 3’ end, as 
il as for specific priming of reverse transcription, it is impor- 
t that oligonucleotide probes should be located as close as 
ssible to.the 3’ end, corresponding to the C-terminal region 
along protein. We are improving our chemical and enzymatic 
hniques for fragmenting small quantities of proteins so that 
‘ragments near the C-terminus can be microsequenced. This 
hould also yield more extended sequence data, essential to 
nding amino acid sequence regions defining oligonucleotide 
obes- of minimal ambiguity, and will be useful for defining 
start, end and intron/exon boundaries of genes for which 
do-not-have mRNAs. 

Gene synthesis. A#the DNA synthesizer can be used to make 
gonucleotides up to 50 bases long in one operation, it can be 
d to. synthesize complete genes relatively quickly. This is 
ne by synthesizing overlapping fragments from the two 
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Fig.8 Strategy for the cloning of rare-message genes. The protein 
sequence is determined and reverse-translated into mRNA and 
DNA. A region of minimal ambiguity, that is, consecutive codons 
having as little degeneracy as possible, is identified and a corre- 
sponding collection of heterogeneous DNA fragments of 14-20 
nucleotides are synthesized. These synthetic oligonucleotide probes 
can be used to screen directly a cDNA (or genomic) library or 
they can be used as primers to initiate specific cDNA synthesis. 


strands of the double-stranded gene in such a way that its 
fragments can hybridize with one another and can be ligated 
together correctly. Using this approach, one of us (S.H.) has 
synthesized a synthetic gene coding for Escheria coli serine 
tRNA in less than 2 weeks. This capability may be important 
for the production of mutant or hybrid genes and of genes in 
which alternative codons have been chosen to make the best 
use of transfer RNA levels in particular bacteria, yeast or mam- 
malian cells. 

Mutant genes also can be generated from parent genes using 
short strands of synthetic DNA in a process known as oligo- 
nucleotide-directed mutagenesis’’. This procedure allows the 
modification, at specified amino acid residues, of genes encoding 
enzymes, hormones or other proteins, to produce mutant pro- 
teins rapidly and to order. The synthetic oligonucleotides are | 
used not only to define and create the mutation, but also to 
select the desired mutant bacterial plasmids. Use of the tech- 
niques permits the type of systematic variation of protein struc- 
ture that can allow precise elucidation of the structure-function 
relationships governing the action of a protein. Mutant genes 
made by this procedure or by total gene synthesis can then be 
combined with appropriate transcriptional control elements and 
inserted into microorganisms for large-scale production of the 
new proteins. 

Peptide antibodies. Although Southern blot analysis can identify 
multigene families and DNA-mediated gene transfer experi- 
ments can be used to determine which of them express products, 
often there are no reagents that will identify the translation 
products of the genes. In these circumstances, individual DNA 
sequences can provide the corresponding protein sequences that 
define hydrophilic peptide regions unique to each of the prod- 
ucts; these are synthesized, conjugated to carrier proteins, and 
used to immunize animals to give conventional heterogeneous 
antisera”®*? or monoclonal antibodies*®. Many of these anti- 
bodies will recognize the parent protein, in the correct experi- 
mental conditions, and. so will have predetermined. specificity © 











for certain sites that uniquely define the different members of 


the multigene family. This approach is being followed with thee 
class I genes of the major histocompatibility complex in the 

-mouse, where a single class I cDNA probe cross-hybridizes with 

-at least 32 distinct genes***’. The antibodies produced by this 

technique can be used to identify the cells in which the proteins 

are expressed and to assist in the determination of their function. 

Such reagents are also useful in determining post-translational 

processing of proteins”. 

The peptide antibody technique is also potentially valuable 
in determining whether an amino acid sequence determined by 
microsequencing derives from a protein possessing a specific 
biological activity or from a co-purified contaminant, this is 
particularly important in the case of hormones or growth factors 
when purification requires enrichment of a million times or 
more. Once part of the amino acid sequence of an apparently 
pure protein has been determined, it can be used to synthesize 
peptides for producing antibodies, which can then be tested for 
-their ability to remove the appropriate biological activity from 

a protein solution containing it. 
Peptide domains. It should soon be possible to synthesize pep- 
~~ tide fragments up to 100 amino acids long in less than a week 
using the synthetic methodology described previously, either 
~ salone orin conjunction with the peptide splicing chemistry now 
being developed. If so, it should be possible to synthesize 
complete peptide domains (native or analogues) and to test their 
structure-function properties. This procedure could well be 
“more rapid and versatile than the genetic engineering of the 
` corresponding genes, followed by transcription and translation. 

Microsequence screening. In the future, it will be possible to 

isolate from two-dimensional PAGE” or comparable protein 

separation procedures, a large series of proteins that can be 
screened by amino-terminal microsequencing to identify 
individual proteins. This rapid structural screening could be 
_ used to locate a specific protein or to define the interrelatedness 

“of a series of proteins. 

Enhanced DNA sequencing. The ability to synthesize rapidly 

short fragments of DNA provides a means of improving the 

efficiency and speed of DNA sequencing”. At present, a short 
strand of DNA, complementary to part of a:cloning vector such 
as M13 (ref. 34), is used to prime second strand synthesis in 
the dideoxy sequencing method*’. Because of technical limits 
associated with various stages of the method, one can generally 
obtain the sequence for only 200-300 nucleotides for a given 
piece of DNA before some of the base assignments become 
ambiguous. In order to define the sequence of a large piece of 

DNA, one has to generate in cloned form a large number of 

relatively small fragments, sequence as much of each as possible, 

and then order the fragments into the full-length stretch of DNA. 

We have carried out sequencing using a 3-kilobase (kb) length 
of DNA cloned in M13 (or a similar vector designed to handle 
“inserts larger than the 2-3 kb that work well with M13), and 
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sequenced as far as possible using the M13 primer. Then a new 




























































primer, complementary to a region near the end of the newly 
defined sequence, was synthesized to begin a second round. 
sequencing by priming at this point (J. Kobori, E. Strauss an 
L.H., unpublished observations). By repeating the sequencin; 
new primer synthesis approach, one can sequence large stretche 
of DNA without the time-consuming process of subcloning a 
ordering small fragments. Moreover, the cDNA strand can: 
sequenced with great speed by synthesizing an appropriat 
number of complementary synthetic oligonucleotides. 

Synthetic DNA as diagnostic probes. The identity of bacteria o 
viruses responsible for infections is often confirmed b 
immunoassay procedures that recognize specific antigenic deter 
minants on proteins produced by the agents and present in t 
host. Genetic diseases arising from inheritable alterations in tl 
genes encoding vital proteins are also characterized by analysi: 
of the protein products. In both cases, however, a direct examin 
ation of the genetic information associated with the disease ca: 
often be done at an earlier stage in the disease process than i 
possible using classical immunoassay procedures. The ability t 
synthesize short strands of DNA, complementary to the DN 
from the microorganisms or the mutant host genes, should allo 
diagnostic applications that analyse DNA rather than protein 
to become generally used methods. Diagnosis of infections o 
the central nervous system and prenatal screening of inherite: 
disorders are well suited to this approach. The feasibility of th 
use of genetic probes has already been demonstrated in the cas 
of inherited haemoglobinopathies”*. 


Conclusion 


The Microchemical Facility provides enormously sensitive. an 
powerful approaches to tackling a variety of difficult problem 
in molecular and developmental biology, and in neurobiology. 
We have discussed the characteristics of the instruments and 
pointed out various synergistic strategies by which they can b 
used in combination with recombinant DNA and hybridoma 
techniques. We are presently developing an automated DN 
sequenator that will complete a series of instruments designed 
for synthesis and analysis of both genes and proteins. The speed 
and simplicity of these techniques, used together with recom- 
binant DNA and monoclonal antibody technology, will provide 
unparalleled opportunities to resolve fundamental problems in 
biology. ; 
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liscussed. 


ultiply-imaged quasars have generally been explained as a combination of gravitational lensing by galaxies and 
agnification by clusters. The observational difficulties with this view suggest that some such quasars may be more naturally 
interpreted as images split by the cores of very rich clusters. The observational distinctions between the two models are 



































GALAXIES at large redshift can behave as gravitational lenses 
nd produce multiple images of background quasers'”. Five 
onvincing examples of lensing action have recently been dis- 
overed*~’** (Q0957 +561, Q1115 +080, Q2345 +007, Q2016+ 
12, Q1635 +267). However, the observed image separations, 
hich range up to 7 arcs, are conspicuously larger than the 
~2arcs separations expected from normal galaxies. Thus, it 
as generally been concluded that galaxy lensing action is con- 
iderably assisted by the magnification of an associated cluster’. 
he cluster also amplifies the quasar flux and so the distribution 
f observed image separations is biased towards large values 
ref. 9, and J. P. Ostriker, personal communication). 
However, problems remain. In two cases, no lensing galaxies 
ave been found near the images. Furthermore, only in Q0957 + 
61 do we see the odd number of images that we would expect 
‘om a transparent lens’, and even in this case the identification 
ambiguous''. Also, in two of the three cases where we do see 
alaxies, the image geometries are hard to model. These difficul- 
es motivated us to examine an alternative view in which the 
nsing action is primarily attributable to the cluster (as sug- 
gested in ref. 12 for a particular case), and the galaxy, if present, 
is incidental. This explanation is more than just a change of 
emphasis because it leads to different predictions regarding 
image orientations and parities as well as the location of the 
missing images. 


Cluster-assisted imaging by galaxies 


The standard, simple image geometry is shown in Fig. la. Bright 
ages are found on either side of a giant galaxy and a faint 
ird image (which is missing in most cases) is presumed to be 
located near the galaxy nucleus. The image separations and 
fluxes are magnified by the gravitational field of a rich cluster 
jurrounding the galaxy. For the moment, we assume circular 

metry and ignore distortion and the possible creation of 
ditional images'*. We follow ref. 9 and model the galaxy as 
isothermal sphere with one-dimensional velocity dispersion 
nd the cluster as a sheet of uniform surface density 2. Rays 
with an impact parameter exceeding the galaxy core radius but 

ss than the outer radius are bent through an angle a = 4v* 
(c= G= H,=1 henceforth; we use Hubble’s constant, Hy = 
00 km s~' Mpc™'.) If the quasar and the lensing galaxy are at 
redshifts z, and z, then the observed angular separation of the 
two images is 


2a d(z, z4) 
d(0, 24) —4rE d(0, z,) d(x, Za) 
_ with d(z’, z) denofing the angular diameter distance of redshift 
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z from z’. (In this model the cluster core, also at z, simply 
provides an isotropic linear magnification of [i~- 
47% d(0, z) d(z, 2,)/d(0, z,)], assumed to be positive for the 
moment.) Given a quasar redshift z,, an image separation 6, and 
a cosmological model, we can calculate the required v(%, z,) of 
the lensing galaxy. We then relate v to the galaxy luminosity L 
using the Faber-Jackson"‘ relation, v = 1.5'/21*(L/L*)'/4 where 
v* (= 250 km s”', ref. 15) and L* (blue magnitude M% = —19.1, 
ref. 16) correspond to a fiducial galaxy, and we have included 
a factor 1.5'/? to allow for the underlying halo having a higher 
velocity dispersion than the galaxy. (It is not clear that galaxies 
in cluster cores do have haloes and, even if they do, the factor 
1.5 is probably an overestimate for the brightest cD galaxies: 
however, reducing this factor only strengthens our conclusion.) 
The luminosity L is converted to a r magnitude using standard 
colours and k-corrections'’. 

Let us fix the cluster density = and consider a given image 
separation 6 and quasar redshift z,. If the lensing galaxy is at 
small z, the bending angle is effectively constant at 6/2 and the 
flux received from the lens >œ as z,>0. On the other hand, as 
2, 2,4, the bending angle increases rapidly and the larger v that 
this implies again leads to a diverging flux. There is thus an 
intermediate range of redshift, Zyin-Zma,. Within which the 
optical magnitude of the lens will exceed a given value m, and 
in particular a maximum lens magnitude. Next we adopt differ- 
ential luminosity functions for the galaxies'* and the background 
quasers’”, dy, /dLo L”*/4 exp(—L/L*) and dn,/dLoxL. We 
can now compute the probability P,,(>m;%, 6, z,) that the r 
magnitude of the lensing galaxy exceeds the observed or upper 
limit value m for a given value of the surface density £. 


P,,(>m;%, 6, za) 
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Here A is the linear amplification due to the cluster and t is 
cosmic time. The factor A* arises from the quasar luminosity 
function (n> L)x L~*), noting that flux is amplified by A’, 
and the A? in the denominator allows for the reduced 
geometrical cross-section (for a given @) in the presence of 
cluster magnification’. 

We have calculated P (>m; X, 9, z,) for the five known 
examples of lensing (Table 1). The conclusion is quite clear. 
Except in the case of the double quasar Q0957 +561 (for which 
the observed lens redshift: is close to where it is most likely to 
be, given the quasar redshift and the image separation, see also 






















the two contrasting views of gravi- 
tational lensing. a, Imaging by a 
giant galaxy assisted by the mag- 
nification of a surrounding cluster. 
The two bright images | and 2 
should be found on either side of 
the galaxy and the faint image 3 
should be within the galaxy core. 
Q is the true position of the quasar. 
Additional pairs of images may be 
created if the gravitational field is 
non-circular. The graph shows the 
reduced deflection, 8 = (d(%,, 2,)/ 
d(0,z,) times the actual 
deflection at the lens, as a 
function of angular displacement 
from the, galaxy nucleus. Images 
are located at positions where this 
intersects a line of unit gradient 








„Å passing through the undeflected 
» position of the quasar. The predic- 

ted shapes of bent core~jet radio 
‘sources are illustrated at the bot- 

tom. b, Imaging by the core of a 
“rich cluster. Note the difference 

in scale. compared with a. In the 
most prominent examples, the two 
bright images should be found on 

one side of the core with the faint 








third image diametrically opposite. C F 


Large amplification bias occurs 
when the bright images are nearly 
merging as shown in the graph of 


reduced deflection. (The corrugations, caused by the galaxy-sized granularity of the potential weil, limit the decreasing image separation and 
amplification.) The radio source shapes predicted for the two bright images should be distinguishable from those of case a. 


`. -ref 20), lensing action by.a sufficiently faint galaxy requires the 

assistance of a cluster that has a surface density that is a 
substantial fraction of the critical value 2, to produce multiple 
images by itself. (The focusing power of a given cluster core 
depends on its redshift; £, refers to the critical density at the 
optimal redshift, which is typically ~0.5.) As there seems to be 
no reason why the distribution of cluster surface densities should 
cut off just below E., we suggest that some of the observed 
multiple quasars are produced entirely by clusters or cluster-like 
potential wells. 

The absence of third (or, in the case of Q1115 +080, fifth) 
images is perplexing. In the simple, galaxy-lensing geometry 
(Fig. la), the faint image should be located between the observed 
images with a flux a factor ~(6,/ 6)" fainter than the sum of the 

fluxes from the two brightest images, where 6, is the angular 
radius of the core of the galaxy and © is the separation of the 
bright images. The published lower limits on the fluxes of the 
faint images can then be converted into upper limits on the core 
dii of the galaxies. These are summarized in Table 1. We see 
he necessary core radii are just compatible with those 
measured for brightest cluster galaxies, for example, 1.3 kpe in 
ref. 21, except for Q1115 +080 where there seems to be a dis- 
crepancy. 

The third difficulty associated with invoking galaxies assisted 
by clusters to- produce multiple images is that it is not always 
easy to reproduce the observed image configurations. The image 
positions in Q0957 +561. are relatively easy to reproduce by 
combining a galaxy and a cluster®*. The four observed images 
in Q1115 +080 are also readily reproduced using an elongated 

galaxy located within them'”’*; however, the only reported 
galaxy in the vicinity of these images is located outside the 
triangle formed by images A, B and C™. In the case of Q2016 + 
‘112, the A and B images and the galaxy form a triangle with 
ngles. ~90°, 60° and 30° respectively. We have attempted to 
‘model this geometry using an elliptical distribution of surface 
densi 






































nsity and find that a 60° angle at the galaxy is invariably 
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accompanied by similar angles at the images. This seems to rùl 
out a simple galaxy model for this case. No constraints: 
imposed in the other two known cases of lensing, as galax 
have not been observed. 


Galaxy-limited lensing by clusters 


We now contrast the creation of multiple images by galaxie 
with that by clusters. We assume that the surface mass dens: 
in the cluster core can be described by. a parabolic variatio 
with a = a, r> 1.155r,. Our conclusions are not very sensiti 
agl 1.30( 7/7.) ~ 0.325(r/ r.)*1, where the core radius r, is the poin 
at which the surface density falls to half the central value. Wi 
match the core smoothly on to an external ‘isothermal sphere 
with a = a, r> 1.155r;. Our conclusions are not very sensitiv 
to the precise density distribution assumed. Clusters with centra 
density X greater than $, = d(0, 2,)/47 d(0, z1) d(z7, 24), wher 
z* is the optimal redshift for cluster lensing, can produce lensin 
without the aid of an additional galaxy. K 
It is usually assumed that clusters produce image splittings 
on the scale of their angular core radius 6,, that is ~30 ar 
Paczynski and Gorski’? suggested cluster lensing as an explana 
tion for three quasars found within a couple of are minutes o 
each other with nearly the same redshift. Two other example: 
Q0307 — 195 (ref. 25) and Q0107 — 025 (ref. 26), could also hay 
a similar explanation. However, we note that clusters need no! 
always produce large image splittings. When two of the image 
are on the point of merging, that is, image separation 0< | 
the amplification will be much larger (a graphic small scal 
illustration of this phenomenon is provided by the split A image 
in Q1115 +080 which is three magnitudes brighter than the B 
and C images), and these events will be strongly favoured by 
selection. Mergers tend to occur on one side Sf the cluster, offset 
from the centre by an angle ~6,, with a fainter third imagg at 
~6, on the opposite side, Defining £ =(2—2,)/Z, and letti 
A@’ be the offset of the true quasar position from the location 





Table 1 Results for the known exgmples of gravitational lensing 
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Quasar (are $) Za m, 
Q0957 +561 6.2 1.41 18.5 
Q1HS +080 23 1.72 >22* 
Q2345 +007 73 215 >23t 
Q2016 +112 3.4 3,27 23.2 
Q1635 +267 3.8 1.96 >23.5 






































ird/fifth image to the flux in the other bright images. 
* From ref. 33; tfrom ref. 34. 
tBased on VLBI observations’. 


"for which the close images merge and disappear, the separ- 
tion 0 and amplification A of the close pair of images are given 
y 


0 =2.267 (0 A0) (3) 
A=0.81e°°/4(6,/46')'? = 1.767*/7(0,/ 6) (4) 


he third image, located approximately a cluster diameter away, 
sA~ e377, 

-it is apparent that the strongest magnification of the merging 
Mages occurs when 6« 9. and £« 1. The differential cross- 
ection do(@) for image separations between 6 and 8 +d6 is 
of dd = 270'(dAd'/d6) =2.1¢76, If we continue to assume that 
e differential quasar luminosity function has slope = 3, then 
he effective cross-section o’ per unlensed quasar brighter than 
he flux limit, after correcting for amplification bias, is do’/d6 = 
\"(do/d0) = 6.362/(€6). The cumulative effective cross-section 
ör image separations less than a given 6 is 


o' = 6.3(6¢/€) In (8/ Onin) (5) 


here the minimum separation 4,,;, is discussed below. Thus 
€ expect roughly equal numbers of cases of multiple imaging 
ith equal logarithmic intervals of image separation, and the 
small image separations of the known cases (3< @ <7 arc s) are 
understood as a natural consequence of amplification bias. 
_ We do not know the distribution of e in the supercritical 
clusters we are considering. However, the above analysis shows 
that, as a further consequence of amplification bias, do’/de œ 
/e. The logarithmic divergence again ensures that most multiple 
ages in a magnitude limited sample should be formed by 
usters that have surface density barely above critical. 
wo effects determine the cutoff 6,,;, in the image separation. 
st, the steep luminosity function must flatten at the faint end. 
econd, the potential of the cluster is expected to have 
homogeneities on the galaxy scale. These will produce fluctu- 
ions ô~ larcs in the cluster deflection. Such galaxy scale 
ughness cuts off the distribution of bright merging pairs on 
ular scales <(60.)"”?~ 5 arcs. A similar argument gives the 
itoff in g to be ~(5/6,)”/?~0.1, We further note that, while 
a completely smooth cluster potential the intensities of a pair 
of merging images become asymptotically equal, this need not 
true once roughness of the cluster potential on a scale smaller 
an the image separation is taken into account. Indeed, as the 
ost prominent lenses should be the marginal ones, we might 
pect to find several cases in which a giant galaxy provides 
the final deflection necessary for multiple images. 
For simplicity and clarity, we have discussed the radial merger 
f two bright images near the boundary of the cluster core. 
[angential mergers of bright pairs produced by deviations from 
circular symmetry are also possible, the classic example being 
the galaxy lensing‘models proposed!” for Q1115 +080. In this 
ype of event, one expects three fainter images (instead of one), 
igain separated by roughly a core diameter from the bright pair. 
fhe above estimates for amplifications and cross-sections con- 


2/%, z Flux ratio r, (kpe) 
0.16 0.37 + 0.07 0.014% <LI 
>0.35 0.62 + 0.10 <0.018§ <0.8 
> 0.87 0.48 + 0.05 <0.013 <2.0 
0.66 0.73 £0.17 ~ — 
>0.81 0.49 + 0.05 <0.015 <i 


2%/%, is the value for which there is 50% probability of having a lens magnitude greater than the observed m,, in a Friedman universe with Q = 1. 
, is the distribution of lens redshift for this case. The core radius r, of the lensing galaxy is estimated using the ratio of the flux in the faint 


§ We have considered only images B and C since the merging pair A,A, may be anomalously bright. 


tinue to hold for this case although the numerical factors will 
be different. 

The two merging images in cluster lensing have opposite 
parity, as do the bright images in galaxy lensing. However, the 
orientations of position angles in the two types of lensing are 
distinct (Fig. 1). This is relevant to those compact radio quasars 
that contain a core-jet structure. Very long baseline inter- 
ferometry (VLBI) should easily distinguish between the two 
possibilities. Q0957 +561, the only case where VLBI observa- 
tions have been made, is in better agreement with the galaxy 
lensing scenario, although the parities of the two images seem 
to be the same instead of opposite. 

How likely are rich clusters to lens quasars? The condition 
that a cluster at an optimal redshift ~0.5 be able to produce. 
multiple images, £ > £. ~0.8 g cm”, translates into the require- 
ment*’ that the one-dimensional velocity dispersion exceed 
~1,000 (core radius/100 kpc)’ kms™'. Typical local rich 
clusters have velocity dispersions about half this critical value 
and several, such as A401, A426, A1775, A2029 and A2256, 
appear to be supercritical ™®??, However, the core radii of clusters 
may not be well measured by the galaxy distribution—for 
instance, X-ray observations of clusters generally suggest smaller 
radii**—-and many more clusters may be supercritical than 
hitherto imagined. For illustration, we adopt the local integral 
distribution function for clusters with surface density in excess 
of X to be n>) E and assume Lox v4, Then, using the 
above estimates for the cross-sections in a Q=1 Friedman 
universe (the results are insensitive to the choice of the exponent 
and cosmological model), we find that we need ~300 super- 
critical clusters Gpc™* to produce a fraction 0.001 of lensed 
quasars in a magnitude limited sample. This compares favour- 
ably with the estimated local density of clusters richer than 
Coma (~3,000 Gpce™*, ref. 31) and indicates that our cluster 
lensing model could be competitive with the galaxy lensing 
quantitatively studied in ref. 9. 


Observational implications 


We have argued that amplification bias is just as likely to be 
important in lensing by clusters as it is in lensing by galaxies. 
Consequently, quasars are just as likely to be multiply-imaged 
by clusters as by galaxies. Moreover, because of amplification 
bias, image separations of a few arc seconds are highly probable 
in cluster lensing despite the large angular size of cluster cores. 
We feel that although Q0957 +561 is a convincing example of 
cluster-assisted galaxy imaging, the other four examples are 
equally well interpreted as cluster imaging. Fortunately, this 
idea is readily tested in these four (and indeed any future) cases. 
First, we should seek the lensing cluster, whose core should lie 
to one side of the images rather than surround them. This is 
reportedly true*'* of Q1115 +080 and Q2016 +112 and distant 
galaxies have been detected” in the vicinity of Q2345 +007. The 
fact that these clusters are not as rich as one might expect is, — 
of course, as a matter for concern. The most probable redshift 
for the cluster depends on the quasar redshift but will generally .- 
lie in the range 0.3-1. Second, we predict that a third image . 





should be found on the other side of the cluster, typically two 
or three magnitudes fainter than the existing bright images. (The 



























illuminated by the light of constituent galaxies. In any case, 
note that cluster size lenses can act as telescopes on a cosmold, 








K : è % . ` * * 
”™ search for this may be accomplished most effectively by using cal scale and enable us to explore the faintest and most: distan' 
a filter centred on one of the bright lines in the bright images.) quasars, galaxies and radio sources. Searches for backgrou: 
Third, we can examine the image geometries of compact radio objects in the field of rich, centrally-condensed clusters in thi 
quasars using VLBI and see if the source shapes in the two redshift range 0.3-1 are of particular interest. 
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_ A chimaeric gene, consisting of the 5’-flanking region of a member of the Pisum sativum gene family encoding ribulose 
` 1,5-bisphosphate carboxylase linked to the coding region of a bacterial chloramphenicol acetyltransferase gene, has bee 
introduced into the genome of the plant Nicotiana tabacum using a Ti plasmid of Agrobacterium tumefaciens. 7 

ression of the chimaeric gene is light-inducible in chloroplast-containing transformed tissue. 




























“USING the natural gene transfer system of Agrobacterium 
tumefaciens, it is now possible to introduce DNA sequences into 
plant cells. Chimaeric genes have been constructed in which 

bacterial coding sequences have been placed under the control 
of transcriptional signals of the nopaline synthase gene’*. When 
these chimaeric genes were introduced into plant cells using the 
Ti plasmid of Agrobacterium, the bacterial sequences were shown 
to be expressed as functional proteins’, We have now used 
Agrobacterium- mediated transformation to study the regulatory 
sequences of a light-inducible plant gene. 
The chloroplast enzyme ribulose 1,5-bisphosphate carboxy- 
Jase/oxygenase is the major soluble protein of photosynthetic 
_ tissues and serves a bifunctional role in photosynthetic metabol- 
ism, catalysing both carboxylation and oxygenation of ribulose 
1,5-bisphosphate. The carboxylase activity represents the first 









step in the Calvin cycle and the oxygenase activity initiates 
biosynthetic pathway of photorespiration. The enzyme.is c 
posed of eight large subunits of 53,000 molecular weight (M 
and eight small subunits of 14,000 MW. The large subunit pr 
tein is encoded by the chloroplast genome and synthesized 
chloroplast ribosomes, whereas the small subunit protein 
encoded by nuclear DNA and synthesized on free cytoplasm 
ribosomes as a 20,000 MW precursor®’, 
Studies in several plant species have shown that the smal 
subunit protein is encoded by a small multi-gene family’ "” 
Expression of these genes is regulated developmentally and 
a tissue-specific manner. For example, the lével of small subu 
mRNA is much higher in plants grown in light than in dark!” 
and this increase is at least partially due to an increase in 
level of transcription of the small subunit genes'®'”. In additior 
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both Lemna and Pisum sativum (pea), light induction is 


ediated by phytochrome". In higher plants, genes for both 
small and large subunit polypeptides are expressed in leaves 
ut not in roots'®, and in C, plants both polypeptides are found 
bundle sheath but not mesophyll cells of leaves'?°!, The 
ression of the nuclear genes encoding the small subunits is 
rdinately regulated, with the expression of the chloroplast 
es encoding the large subunit'®??, This regulation is par- 
larly interesting as the copy number of the genes encoding 
sẹ two polypeptides is vastly different, the genes for the large 
unit being reiterated about a thousand-fold per cell in the 
umerous chloroplast genomes while the genes for the small 
unit are present in only.a few copies in the nuclear genome”. 
“or animal genes, transcriptional regulation is often mediated 
gulatory sequences residing 5’ to the transcriptional initi- 
tion site’. We have therefore explored the possibility that 
e small subunit gene has analogous 5’-transcriptional control 
gnals which are responsible for its characteristic light-inducible 
Xpression. We report here the construction of a chimaeric gene 
cat) composed*of the promoter of a Pisum sativum (pea) 
majl subunit (ss) gene’ and the coding sequence of the bac- 
rial gene for chloramphenicol acetyltransferase (cat). We have 
udied the expression of this chimaeri¢ gene in tobacco cells. 
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Fig. 1 Construction of a chimaeric 
gene containing the 5':flanking 
sequence of the small. subunit of 
ribulose-1,5-bisphosphate carboxy- 
lase linked to the chloramphenicol 
acetyltransferase (CAT) coding 
sequence. A 1.6-kb HindIII- BamHI 
fragment including the entire CAT 
coding sequence and the 3’ end of 
the early SV40 transcript, was 
purified from a 1% agarose gel by 
elecroelution. This fragment was 
used to replace the small Hindi- 
BamHI] fragment of pLGV2382 by 
ligation at the HindI11-BamHI sites. 
The new vector (pMH1!) contains, 
downstream of the CAT sequence, 
the functional signals from the nos 
gene for termination of transcription 
and polyadenylation. A Hindili 
fragment comprising 970 bp of the 
5'-flanking sequences of the small 
subunit gene, starting 3 nucleotides 
upstream of the transcriptional start 
site, was cloned into the HindIHl site 
of pMHI to produce pMH2. WE, 
pKC7 sequences”! >, 3’ end region 
of the nos gene; ES, CAT coding 
sequence; W, 5’-flanking region of 
the small subunit gene (Pss): the 
coding region lies between ATG and 
TAA: Ø, introns; O, exons. 
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Construction 


To test whether sequences involved in the light-inducible 
expression of the small subunit gene are located in the region 
S’ to the start of transcription, a derivative of the vector 
pSVOCAT (ref. 26) was constructed. The HindIII-BamHI frag- 
ment from pSVOCAT containing the coding sequence of the 
cat gene and the polyadenylation site of the early transcript of 
simian virus (SV40), was substituted for the small HindITI- 
BamHI fragment of pLGV2382 (ref. 2) (Fig. 1). The new plasmid 
(pMH}) contains the 3' end of the nopaline synthase gene, thus 
providing a sequence which is known to be functional for both 
the termination of transcription and the polyadenylation of 
mRNA in plant cells’. In addition, these sequences provide 
homology with the Ti plasmid used to introduce the chosen 
chimaeric gene into the T-DNA of the Ti plasmid by homologous 
recombination. 

We have previously reported the sequence of a pea small 
subunit gene, SS3.6 (ref. 10), and the cap site for this gene has 
now been determined by both primer extension and S, nuclease 
studies (A.C., unpublished results). A conveniently located 
Hind site lies four nucleotides 5’ upstream of this cap site, | 
which we presume. corresponds to the point of initiation of 











io PEA SS GENE : 


-950 


CTATTACTGGTTTTACAAAGTCAGACTAAGGAGCATGTCCAACCACTATAAGGTCTATAATAGGATTTACCTTTTTCCTTAGAAGCACTT 


-850 


TAATCAACTAGAAATCAAAGAAGCAAAATGTAGTGTCTAGATCTTCATCAGAAGTAAAGTATAGAGCTTTAGCAAACACATCATGTGAGA 


-750 


CACGATGGTTTCTATACTTGCTTCAGGATCTCTGCATTTCCCATACCTCGTTCATGACAATTGCAAACCAACCTCGTACATTTGATGCCC 


-650 


ATAATTTCTGAAAACCAAGTTGCATACCTCTTCACCAAAACTCTTCATCTTGGTCTCTTCTCCTCTTTIGTTCACAAACTAGGAATTATT | 


AACTTTCATTCTAATTTATAGGGGCTGCTACAACTTAATATATITTTAATTATTTTTATTCTCTTAATTTCCTITTTTICTATTIGTITG 


_ TTATATTITTTCAAATGAATCATTAATAAAACTITCCTCTTTTATTTAATTIITTCAATTCAGTITCATCATCARAGCARARGTETCECT 
GCCATCTGTTTGTCAACACTAACATCTAATGTACTTATCTCATTAGTTTAATTATTGTTTGATCATGTTTAATCCTICTAGTGTIGITA 
aT TTTTCAGTTAGCTTAATGGGCATCTTACACGTGGCATTATCCTATTGGTGGCAAATGATAAGGTTAGGACACACAACTITTCAATCIT 
GTGTGGTTAATATGGCTGCAAAGTTTATCATTTCACAATCTAACAAGATT GGTACTAGGCAGTAGCTAATTACCACAATATTAAGACCAT 


AATATTGGAAATAGATAAATAAAAACATTATATATAGCAAGTTTTAGCAGAAGCTTTGCAATTCATACAGAAGT GAGAAAAATG 
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Fig.2 The nucleotide sequence of the 5’-flanking region of the pea small subunit gene and partial sequence of the fusion point of the ss-cai 
chimaeric gene. The 5’-flanking sequence of the pea small subunit gene is presented starting with the first methionine codon (underlined) of 
the precursor polypeptide and extending 973 bp upstream from the start site for initiation of transcription. The nucleotide sequences. are 
numbered by position +1 being the first nucleotide of the small subunit mRNA. The TATA box at position —31 is overlined. The lower case 
sequence represents pBR327 DNA, with the EcoRI site being the beginning of the pea genomic DNA. The sequence around the point of 
fusion of the pea small subunit untranscribed DNA (~4 to -973) and the CAT coding sequences are also depicted. The splice site was at 
HindIII restriction site noted in the sequence, The initiating methionine of the CAT polypeptide is underlined. The nucleotide sequences fo 
the pea small subunit gene and the fusion point of the ss-cat chimaeric gene were determined by subcloning restriction fragments of the 

parent and derivative plasmids into M13 vectors and sequencing by the dideoxy method’? 


transcription. We have now extended the sequence studies to 
include 973 nucleotides 5’ from the cap site (Fig. 2). In order 
W. to construct a chimaeric gene in which the chloramphenicol 
~~ acetyltransferase coding sequence was under the control of the 
‘small subunit promoter, the HindIII fragment containing the 
A sequences 4-973 nucleotides upstream of the transcrip- 
al'start of the small subunit gene (Fig. 2) was cloned into 
he HindIU site of pMH1 to produce pMH2 (Fig. 1). 


` Transfer of the chimaeric gene 


The ss—cat chimaeric gene was introduced into tobacco cells by 
first mobilizing pMH2 from Escherichia coli into Agrobacterium 
harbouring the wild-type pTiC58 plasmid. This was accom- 
plished by using helper plasmids to provide in trans the Tra 
and Mob functions necessary for mobilization of pBR-derived 
plasmids’. As pMH2 cannot replicate in Agrobacterium, 
kanamycin-resistant exconjugants can be obtained only when 
this plasmid co-integrates with the resident Ti plasmid. Such a 
‘co-integration occurs by a single recombination event through 
homology provided by the nopaline synthase sequence present 
“qn both plasmids. The presence of pMH2 sequences in the Ti 
-<= plasmid was confirmed by Southern blot analysis (data not 
< shown), and the structure of one such co-integrate (pLGVTiSS- 
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AATATTGGAAATAGATAAATAAAAACATTATATATAGCAAGTTTTAGCAGAAGCTTGGCGAGATTTTCAGGAGCTAAGGAAGCTAAAATG 


AT) is shown in Fig. 3. Agrobacterium harbouring pLGVTISS-.. 
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CAT was used to infect. decapitated tobacco seedlings. (Wis 
consin 38, var. Petit Havana). and 2 weeks later the transform 
tissue was transferred to Murashige and Skoog agar medi 
(without phytohormones) containing 500 mg 1”! of cefotaximur 
(Claforan, Hoechst). The tissues were grown in vitro until axent 
tissues were obtained. One randomly chosen tumour lin 
(GVSSCAT) was used in all experiments described below 
To confirm the transfer and integration of the T-DNA carryi 
the ss—cat gene, genomic DNA prepared from tissue trans 
formed with Agrobacterium harbouring pLGVTiSSCAT w 
analysed by Southern blot hybridization’®. The genomic DN. 
was digested with either the restriction enzymes EcoRI or 
HindIII and the fragments produced were separated by ele 
trophoresis on a 1% agarose gel and transferred to nitrocellulose 
for hybridization analysis. Figure 3 shows the structure of the 
T-region in pLGVTiSSCAT and the results of the Souther: 
hybridizations of genomic DNA from a transformed tissue 
chosen for further analysis. Using the coding sequence of th 
cat gene as a specific probe, two EcoRI fragments were detected 
(lane 4), a 1.15-kb fragment composed of part of the CAT 
sequence and 970 base pairs (bp) of the “small subunits : 
flanking region, and a 1.4-kb fragment derived from the 3’ par 
of the cat gene and some sequences from pSVOCAT. Using the 
same probe, a 2.8-kb HindHI fragment. was detected (lane 3) 













































Fig: 3 Structure of the T-region of 

pLGVTISSCAT and Southern 

hybridization analysis of tobacco 

sue containing the ss~cat gene. 

The lower part of the figure shows 

_ the structure of the T-region resulting 

fom the co-integration of pMH2 

_ with pTiC58 through the homology 4 
provided by sequences of the nopa- 

ine synthase gene present in both 

plasmids (+). The jagged lines rep- 

_ resent the 25-bp sequence present as x 3 
_a-direct repeat flanking the nopaline 

“DNA. The upper part shows the 

esults of the Southern hybridization 2 
inalysis of genomic DNA isolated 

rom tobacco cells transformed with 
LGVTISSCAT. Lanes | and 2 were 
igested with EcoRI and Hindlll, 
espectively, and probed with a frag- 
ment containing homology to Hin- 
-dHL-23 and HindIII-31. Lanes 3 and 
“Aowere digested with HindIII and 
EcoRI, respectively, and the filters 
hybridized with a probe specific for 
the CAT coding sequence. The num- 
bers at the side of the autoradiogram 
represent the molecular weights of 
the most relevant fragments and are 
‘also indicated at the top of the 
diagram showing the T-region of 
“pLGVTISSCAT. All the symbols are 
as indicated in Fig. 1. 
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hich corresponds to the entire CAT-coding sequence and the 
end of the nos gene. 
A probe specific for HindIII fragments 31 and 23 of the Ti 
asmid was also used. The HindIII-23 fragment contains most 
he sequences of the nos gene whereas fragment HindIII-31 
an internal fragment of the T-DNA which is adjacent and to 
the left of HindIII-23”. This probe detected several HindIII 
ragments (Fig. 3, lane 2): a fragment of 2.8 kb corresponding 
0 the same fragment detected with the CAT probe, a 1.8-kb 
tagment which corresponds to the T-DNA fragment HindIII- 
31, and two or more faint bands of high molecular weight which 
epresent the junction fragments between the right end of the 
T-DNA and plant sequences. Because more than one band is 
tected with intensities lower than that found for the internal 
Tagments of the T-DNA and because of data obtained from 
ther Southern hybridization analysis (data not shown), we 
nclude that the two single copies of the T-DNA must have 
ntegrated into two different positions in the genome of the 
bacco ceils. 


ight induction of ss—cat 


e level of small subunit mRNA is strongly influenced by the 
ing conditions in which plants are grown. These regulatory 
atacteristics are also demonstrated in plant cell cultures, where 
all subunit genes are expressed in chlorophyll-containing 
ssue but are only weakly expressed in the absence of 
lorophyll*®, 
The chimaeric ss—cat gene provides a convenient enzymatic 
iter for testing whether the 5’-flanking sequences derived 
rom this particular small subunit gene from Pisum sativum can 
rol transcription in tobacco cells. For this purpose, tobacco 
ssues containing the ss—cat gene were grown in different light 
ditions and tested for CAT activity. The results shown in 
ie figures were all obtained with the tumour line GVSSCAT, 
ut similar results were found with other tumour lines containing 
the ss—cat gene. Z 
PpLGVTiSSCAT-transformed tissue was first grown in 
furashige and Skoog medium containing 0.5mg!"' of 
ytokinin(benzylamino purine) and 30 mM sucrose, until leaf- 
ke structures (teratoma) and mature chloroplasts were ob- 
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served. Subsequently, the tissue was transferred to medium 
without cytokinins and supplemented with sucrose to a final 
concentration of 3 mM. In these conditions, the semi-differenti- 
ated state of the tissues can be maintained stably for several 
weeks, 

Chloroplast-containing tissue was divided into two equal por- 
tions and each piece was transferred to a separate plate contain- 
ing the same medium. One sample was maintained in the dark 
while the other was kept in normal light conditions (photoperiod 
of 8h dark and 16h white light, 2,000 1x). After 5 days, the 
dark-grown tissue was divided into two, and one of the pieces 
transferred for 18 h to light. Equal amounts of the tissue, grown 
in normal light conditions, in the dark or in dark/light condi- 
tions, were ground and enzymatic CAT activity was determined 
for each of them as previously described’. 

Tissue grown continuously in normal light conditions showed 
a considerably higher level of CAT activity than tissue grown 
in the dark, in which only a low level of CAT activity was 
detected (Fig. 4). Similarly, tissue grown in the dark for 5 days 
and subsequently transferred to the light for 18h showed a 
marked increase in the level of CAT activity. These experiments 
demonstrate that the Pisum small subunit promoter is functional 
in tobacco cells and suggest that it is responsible for the observed 
light-stimulated increase in CAT activity. 

To test whether the expression of ss~cat is correlated with 
the presence of chloroplasts in the teratoma tissue, white un- 
organized tissue was tested for CAT activity after being grown 
for equal periods of time in normal light or dark conditions. 
Figure 4 (lane 5) shows that white tissue grown in normal light 
conditions contains a very low level of CAT activity and that 
this level does not vary considerably when the tissue is grown 
in the dark (Fig. 4, lane 6). 

It was important to demonstrate that the observed light stimu- 
lation of CAT activity in tissue containing the ss—cat chimaeric 
gene is specific for the chimaeric gene and not due to a general 
and nonspecific increase in the level of transcription in light- 
treated cells. Therefore, as a control we used isogeneic tobacco 
tissue containing another chimaeric gene, nos—cat', in which 
the CAT coding sequence is under the control of the constitutive 
promoter. of the -nopaline synthase gene. 




















































Chloroplast-containing tissue with either the ss—cat or nos—cat 
gene was obtained, subcultured and maintained in light o* 
darkness as described above. After 5 days the tissue was extrac- 
“ ted and the enzymatic CAT activity determined. Figure 5 shows 
that the level of CAT activity in tissue containing ss-cat was 
strongly influenced by the light conditions in which the tissue 
was grown, whereas the level of CAT activity in tissue containing 
the nos—cat chimaeric gene was not affected by the light condi- 
tions. Quantitative analysis of the tests by counting the corre- 
sponding regions of the chromatograms in a liquid scintillation 
spectrometer showed that the expression of the nos—cat gene in 
dark-grown tissue was never less than 50% of that observed in 
light-grown tissue. CAT activity for the ss—cat gene in tissue 
grown in normal light conditions was 5~15-fold higher than the 
level present in tissue grown in the dark (Fig. 5). These results 
indicate that the light-inducible changes in enzymatic activity 
observed for the ss—cat gene are determined by the specific 

i 5'-flanking promoter sequence. 
i À chimaeric gene construction containing the ss promoter in 
reverse orientation with respect to the cat coding sequence was 
„used in similar control experiments. Transformed tissue har- 
bouring this chimaeric gene showed no CAT activity above a 
very low background activity of nonspecific acetylation of 
chloramphenicol present in tobacco tissue transformed with 
Agrobacterium harbouring the wild-type Ti plasmid. This 
observation is consistent with the direction of transcription of 

the SS3.6 small subunit gene”. 

To demonstrate that the observed induction of CAT activity 
was not due to variation in the overall rate of transcription or 
in the protein content of tissues grown in different light condi- 
tions, we used as internal control the levels of the nopaline 
synthase gene activity that is also present in the T-DNA of 
pLGVTiSSCAT. Nopaline synthase activity in light-grown tissue 
was never found to be more than 50% higher than that present 
in dark-grown tissue; therefore, the increase in the level of CAT 
activity of light-grown tissue must reflect a differential increase 
in the rate of transcription of genes that are induced by light. 


Measurement of mRNA 


We wished to demonstrate that the observed changes in enzy- 
matic activity in tissue harbouring the ss~cat gene are correlated 
with changes in the steady-state level of the corresponding 
poly(A)* RNA. Poly(A)” RNA was prepared from both green 

and white tissues grown in normal light conditions and from 
green tissue grown in the dark for 5 days. Figure 6 shows the 
results of dot-blot hybridization experiments involving different 
amounts of poly(A)* RNA extracted from each tissue, and using 

as a probe a 773-bp TaqI fragment from Tn9 containing the 
CAT coding sequence. It can be observed that a significant level 

. of RNA homologous to the CAT probe is present in differenti- 
e ated tissue grown in the light. However, the level of this RNA 
> 4g:teduced ~10-fold when the same tissue is grown for 5 days 

--- jn the dark. Also, a low but detectable level of transcription is 
found. in white tissue containing the ss—cat gene. These results 
confirm that the light-induced changes in CAT enzymatic activity 

\- areindeed correlated with changes in the level of the correspond- 
~ ing poly(A)* RNA. 


Discussion 


Experiments have been performed to examine the regulatory 
characteristics of a 5’ promoter fragment of a pea small subunit 
gene. A chimaeric gene has been constructed in which this 
promoter fragment was linked to the coding sequences of the 
bacterial cat gene and to the 3’ end of the nos gene. It was 
demonstrated that this gene was expressed on transference to 
tobacco cells and furthermore that the level of this expression 
was regulated by light conditions. An increase in the level of 
CAT enzymatic activity and also in the level of poly(A)* RNA 
homologous to the ss-cat gene was observed in green tissue 
grown in the light when compared with the same tissue grown 
-< imthe dark. In contrast, in non-differentiated white tissue only 
a low level of CAT activity was observed which did not increase 
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Fig. 4 Effect of the light on the level of CAT activity directed by 
the small subunit 5’-flanking sequences in tobacco tissues, Equal 
amounts of axenic tissues were ground and the CAT activity was : 
determined as described previously. The reactions were allowed: 
to proceed for 60 min at 37°C, the samples were extracted with 
imi of ethyl acetate, and analysed by ascending TLC using 
chloroform/ methanol (95:5 v/v). X-ray films were exposed by the 
chromatograms and activities quantitated by counting the corre» 
sponding regions of the chromatograms in a liquid scintillation 
spectrometer. Lane 1, the CAT activity present in extracts of 
coli harbouring pBR325, as control. The following lanes show CAT 
activity present in extracts of tobacco tissue with the following 
light treatments: lane 2, chloroplast containing tissue grown in 
normal light conditions; lane 3, chloroplast containing tissue grown 
for 5 days in the dark; lane 4, chloroplast containing tissue grown 
for 5 days in the dark and 18h under continuous light, lane 5, 
white tissue grown in normal light conditions; lane 6, white tissue 
grown for 5 days in the dark. 4C_chloramphenicol (Cm) and its 
acetylated derivatives (in order of increasing mobility), !-acetyl- 
chloramphenicol | AcCm), 3-acetyichloramphenicol {3 AcCm) 
and 1,3-acetylchloramphenicol (1,3 AcCm) were detected by 
autoradiography. ; 
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Fig. 5 Comparison of the effect of light on the expression of ss-cat 
and a constitutively expressed gene. CAT activity was determine 
in tobacco tissues as described in Fig. 4 legend. SS-CAT, green 
tobacco tissue containing the ss~cat gene grown for 5 days in the 
dark (DARK) or in normal light conditions (LIGHT). NOS-CAT, 
green tobacco tissue containing the nos~cat gene grown in the: 
same dark or light conditions as the tissue containing the ss~cat a 
gene. E. coli, CAT activity present in E. coli-harbouring pBR325. 
C58, tissue transformed with the wild-type plasmid, pTiC38, which ' 
does not contain any chimaeric gene. The percentage conversion. 
of chloramphenicol to its acetylated derivatives by extracts contain- 
ing 50 pg of protein and incubated for 30 min are as follows: ss~cat 
(dark), 1%; ss-cat (light), 17%; nos—cat (dark), 5.0%; nos~cat.- 
(light), 5.8%; C58, 0.3%. After long times ef incubation and 
exposure of the respective film, a low nonspecific acetylation of 
chloramphenicol was observed. The different spots that can bei 
observed in the autoradiogram correspond to chloramphenicol and 
its acetylated derivatives as shown in Fig. 4. 









































Fig. 6 Dot-blot analysis of poly(A)* RNA homologous to the 
AT sequences in tissue grown in different light conditions. 
oly(A)* RNA was extracted from tobacco tissue grown as 
described previously’. Different amounts of RNA—5 yg (lane 1), 
.5 ag (lane 2), 0.1 wg (lane 3), 0.01 wg (lane 4)—were spotted on 
nitrocellulose filters with the use of the minifold device”, A frag- 
‘ment containing the CAT coding sequence was labelled with ??P 
by nick-translation (2 x 10° c.p.m. per pg) and used as a probe for 
hybridization with the RNA spots. GL, green tissue grown in 
normal light conditions; WL, white tissue grown in normal light 
conditions; GD, green tissue grown for 5 days in the dark. 


vhen the tissue was grown in normal light conditions. It was 
shown that these changes in expression are specific for the 
ll subunit promoter, as the expression of a similar chimaeric 
ne using the nos promoter was independent of both light 
conditions and the presence of chloroplasts. 
_ The experiments described are of interest for several reasons. 
primary interest is the demonstration that light induction is 
ediated by sequences residing 5’ from the point of initiation 
ranscription of this pea small subunit gene. It is likely that 
1¢ induction mechanism involves interaction between protein 
actors and this promoter fragment, and in view of this it is of 
etest that the pea small subunit promoter is able to mediate 
ht-induction on transfer to tobacco cells. This observation 
iust reflect significant conservation of the induction mechanism 
ween these two species. The experiments are also useful for 
sessing the level at which this gene expression is regulated. 
fe have shown that the expression of the ss—cat gene is light- 
ducible, in contrast to the nos—cat gene. As both chimaeric 
enes produce very similar transcripts which are novel for the 
ant cell, it is unlikely that they are subject to different post- 
anscriptional regulation. We conclude not only that the light- 
ducible expression of the ss-cat gene is mediated by the small 
bunit promoter sequences, but also that this induction must 
regulated at the level of transcription initiation. Furthermore, 
3 the chimaeric gene is expressed in chioroplast-containing 
llus tissue, we suggest that the tissue specificity of the light- 
ducible expression mediated by the ss promoter is associated 
ith the ability of plant tissues to activate the assembly of the 
1otosynthetic apparatus. This latter ability is probably deter- 
ned by the levels of growth regulators (phytohormones) and 
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directly mediated by factors like phytochrome. Moreover, it has 
Been shown that chlorophyll-containing roots (obtained in liquid 
culture containing cytokinins) also express the ss gene, while 
in normal roots the gene is not expressed at a detectable level 
(P. Eckes and L. Willmitzer, unpublished results). 

The transformed tissues tested in these experiments contained 
more than one copy of the gene inserted at different positions 
in the tobacco genome. Because it is not known whether all 
copies are expressed and subject to regulation, further analysis 
is required to determine whether the site of insertion in the 
genome of the plant has any influence on light-reguiated 
expression of the small subunit gene. We estimated that the 
level of poly(A)* RNA specific for the CAT sequence in these 
transformed tobacco tissues is approximately 15 times lower 
than that found for the endogenous small subunit tobacco gene 
(data not shown). Many factors in addition to gene copy number 
may influence the level of expression of this chimaeric gene in 
tobacco cells. Whereas we have established that the pea small 
subunit promoter is clearly recognized and appropriately regu- 
lated by the transcription apparatus in tobacco cells, it may well 
be that this promoter does not function at the same level in 
tobacco as it does in pea. In addition, it is quite possible that 
regulatory sequences required for optimum expression exist 
elsewhere in the pea small subunit gene, in addition to those 
found within the 5'-flanking sequences. However, note that, in 
assessing the level of expression of ss—cat in tobacco cells, the 
particular small subunit gene used to provide the promoter in 
the chimaeric gene construction is only weakly expressed in pea 
leaves relative to other pea small subunit genes (A.C., unpub- 
lished results). To analyse these quantitative aspects of 
expression further, it is desirable to extend these studies to 
expression in leaf tissue. Using a pTi-derived vector which does 
hot prevent normal differentiation of tobacco tissues", we 
recently obtained tobacco plants containing the ss~cat gene. 
These plants express the ss—cat gene in their leaves and this 
expression was shown to be regulated by light conditions 
(unpublished results). 
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The thermal synchrotron (TS) interpretation of y-ray burst con- 
tinuum spectra’ has recently gained support from the analysis of 
an expanding database? 5. However, this interpretation requires 
an emission region which is hot (kT~6. 2-1 mc”), optically very 
thin (nh $107! cm™?) with a highly super-Eddington flux F~ 
10°? erg em™? s~! (> Frag = 10° M/ Mo) for a 10-km neutron star. 
This picture is ila to that first proposed for the 5 March 1979 
event”. In addition there are hints that the emission layer is very 
dense (n, < 1074-107 cm™*) and thin (h < 107° cm). For example, 
events which show simultaneous redshifted 511-keV annihilation 
lines and low energy self-absorption (see Fig. 1) allow us to 
estimate a lower limit in the range 107*~10"° cm™' (ref. 9) to the pair 
density, provided that the annihilation region coincides with 
the synchrotron source. To maintain the pair population close to 
maxwellian, the collision excitation rate into higher Landau levels’ 
(that is, the pitch-angle scattering rate) must exceed the cyclotron 
decay rates. Coulomb scattering between pairs and protons is too 
slow. Even if collective processes whose rates are close to the 
- electron plasma frequency, or scattering by heavy ions (for 
` example, Z = 26, rates Z’), are invoked, a particle density n > 
> 10% cm™> is still needed. Both arguments point towards a dense 
but thin emitting sheet with h<107°-107° cm. The severe ener- 
getics and persistence of such a hot, dense, thin emitting layer 
prompted us to consider a picture in which the emission regions lie 
at the foot points of reconnecting magnetic loops, powered by 
downward impinging electromagnetic waves, We now examine the 
structure of the emitting sheet, and the generation, propagation 
and coupling of the electromagnetic energy fluxes to the surface 
layer, and show that a flare-like model can account for most of 
the general features of y-ray bursts. 
If a thin plasma sheet located at the neutron star surface is 
. the source of the y rays, then the total energy emitted is too 
large, ~10°'°* erg cm?, to have been stored in situ; hence, it 
must originate in a much larger volume and be transported to 
the emitting region by an energy flux of some form. An external 
downward energy fiux is preferred over an internal upward flux 
because the downward momentum flux automatically helps to 
hold down the plasma sheet. Otherwise, the sheet would expand 
along the field lines as it heated because the gravitational scale 
height is much larger than the above values for h. Nor can this 
external flux of energy be carried by a beam of particles (pairs 
or ions) as the density required would be too high to avoid 
violating the above limit on nh unless the beam were ultra- 
relativistic. But ultra-relativistic (E > mc’) particles would be 
pad eee to deposit their energy over a column depth »10°' 
? We therefore conclude that the energy is both stored and 
caraponed primarily in the form of electromagnetic (EM) 
energy. This suggests a burst model analogous to that proposed 
for solar flare X-ray bursts, where the energy source is pelieved 
to be stressed. magnetic field in the corona and the hard X- -ray 
emission originates from footpoints of reconnecting flux tubes'° 
(Fig. 2) (see refs 11, 12 for previous discussions of the flare idea). 
As well as satisfying the severe constraint on nh, there are 
other attractive features to the flare model. Assuming a field 
strength of 3 x 10’? G, sufficient energy can be stored in a neutron 
star volume, E ~ 10% Ri ergs, to power all the observed galactic 
bursts (d = 20 kpc). Note that the magnetic energy available to 
power the burst is only the non-potential component due to 
currents in the corona, thati isthe magnetic free energy. Assuming 


that the currents are due to particles drifting at relativis 
velocities, a coronal density N ~ 10'* B,,/R,cm™ is obtaine 
This value is low enough to satisfy the restriction on nh. In 
addition, the effective coronal density may be lower if, as expec- 
ted, the currents are concentrated into thin filaments’? 
Another encouraging feature of this model is that it ¢ 
account for the two distinct time scales in y-ray bursts 
~milliseconds for the risetime of individual spikes: and 
~seconds for the total burst duration. Although the detailed 
process by which the magnetic free energy is released: is 
unknown, even for solar flares, two physical time scales ar 
important. One is the Alfvén transit time which for our case i 
given by: r,~10°* Res, as the Alfvén speed is limited by 
for the large field strengths and low densities in our model. 
time scale can account for even the most rapid time structurt 
in y-ray bursts. The other time scale of interest is the resist 
tearing time’ given by: 7~(t,t4)? where 7, is the resistiv 
diffusion time scale. We expect the plasma to be in a highls 
turbulent state and the resistivity to be greatly enhanced aboy 
collisional values. Assuming an effective collision frequency d 
to the collective process of the order of the plasma frequency 
yields: r~ 10(.N,5)4 (Rg)? 8, which can account for the burs 
duration. Numerical simultations have shown that reconnectio1 
can proceed through a burst process'*, which results in t 
distinct time scales. 
Because the coronal density is so low we expect that th 
released magnetic free energy will not be absorbed directly b 
the coronal plasma. In the classical picture for magnetic annihi 
lation, such as the Petschek model’®, energy initially ina 
magnetic field is converted toan energy flux that propagate: 
away from a small reconnection region and is convected alo 
the background field (Fig. 2). This energy flux can be considere: 
as a general form of magnetohydrodynamic (MHD). wave fl 
because both plasma and magnetic field will be convected aw. 
from the reconnection region. For subrelativistic propagati 
velocities, v/c «1, we expect approximate equality betwe 
the plasma kinetic energy, ple)’, and the a.c. magnetic energy 
(8B)*/8m, in these ‘waves’. For relativistic- propag 
velocities, v/c=1, and for our extremely low densiti¢s 
plasma kinetic energy will be negligible, pc> <(8B)"/87. Insteas 
there will be approximate equipartition between the àc. mag: 
netic energy and the a.c. electric energy, bE = nes c= 
is the case for relativistic Alfvén waves’’ 
An important question is whether such waves can cou! 
effectively to the neutron star surface. We anticipate that non 
linear effects may cause the bulk of the power to cascade do 
to wavelengths of the order of the shortest physical scale, th 
ion Larmor radius. In that case the dominant frequency woul 
be ve~10'® Byis7! which is comparable to the plasm 


E(kev) 
kd ; 
Fig. 1 Spectrum of a y-ray burst on 4 February 1979, showing’ 
evidence for an emission line at ~400 keV and a Rayleigh~Jeans 
spectrum at low energies, < 50 keV (ref. 1). 
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‘Fig.2 Conceptual visualization of a flaring flux tube on a neutron 
star with a y-ray emission layer at each of the loop footpoints on 
the stellar surface. 
equency of the y-ray emitting region, vp.~ © Cms. 
Because of the ultrahigh flux and steep ene oa at the 
stellar surface, we believe that the waves will be absorbed mainly 
through nonlinear collective plasma processes, such as resonant 
sorption, Raman scattering, parametric decay and so on, 
milar to the situation in laser~target interactions’. These non- 
near plasma processes convert wave energy efficiently and 
lisionlessly into hot suprathermal electrons with characteris- 
c temperature Tho: up to tens to hundreds of keV, on the local 
ectron plasma oscillation time scale (~ 107" s). In our case, 
ese hot electrons (pairs) would be the source of the syn- 
otron radiation as they would probably be born with large 
omenta transverse to the ambient B-field (SE L By). As in the 
ase ‘of laser—target interaction, the density profile of the back- 
ound electrons would be steepened by the impinging wave 
mentum flux, creating an extremely thin acceleration region 
th.a coherent electrostatic acceleration field, of the order of 
e Debye length'® (~ incident wavelength < 10° “© om). The hot 
‘trons, after leaving this region, could travel only a short 
istance before cooling off. The thickness of the hot synchrotron 
er is then roughly the synchrotron cooling distance ty: teyn ~ 
Sem, consistent with the observed column depth of nh ~ 
20.10% om *, Depending on which mode of nonlinear plasma 
H foltioss process is operating, the hot electron temperature 
ld have well-defined scaling properties with the incident 
ave flux'® (oc emergent y flux). Such scaling behaviour could, 
srinciple, be checked by future observations. 
inally, let us consider the ultimate source of the burst energy, 
the mechanism by which the neutron-star magnetic field is 
eared. There are several possibilities: one is that there is a 
‘ocess similar to that on the Sun, in which motions due to 
either differential rotation or crust or core restructuring stress 
e coronal field. Recent observations of the 5 March event may 
e discovered a 23-ms quasi- periodicity that may be related 
o torsional vibrations of a neutron star’®, suggesting that shear- 
g movements of a neutron star surface are not impossible. 





“Another possibility is that the field is stressed by accreting. 

ematerial. Note that in our context the accreted gravitational © 
energy is not released directly. First it is transferred to the field 
in the form of magnetic stress, which then results in EM energy 
propagating along the field to the star surface. Hence, the mass 
that provides the burst energy is likely to be far away from the 
y-ray emitting region, and provides no opacity to the y rays. It 
is conceivable that surface nuclear flashing of accreted material 
may also stress the field”, But this would occur at rather large 
optical depths. It is difficult to see how it can produce an 
optically-thin y-ray burst instead of an optically-thick X-ray 
burst. 
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The discovery of Comet IRAS-Araki-Alcock provided the first 
opportunity for studying a comet at a distance of 4.5 10° km 
from the Earth, thus allowing a spatial resolution of ~20 km to 
be achieved. Photographic and spectroscopic plates obtained on 
9.9 UT May 1983 using the 90-cm Schmidt and the 182-cm Coper- 
nicus telescopes at the Asiago Observatory have revealed new 
fundamental discoveries. The photometric data system (PDS)- 
elaborated Schmidt plates show that the inner coma of the comet 
is directed towards the Sun with an inclination of ~30°, a 
phenomenon probably due to the rotation of the nucleus. On the 
spectroscopic plates. taken with the grating spectrograph in the 
spectral range 3,800-8,500 A with a resolution of 6 A, 450 lines 
can be distinguished, although 90 lines are still unidentified. After 
detailed analysis, we have identified the molecules HCO and H,S* 
which have never before been. observed in the visible part of the 
spectrum of any astronomical object. We suspect: that HCO, 
DCO, S, and NH, are also present. We report here only the 
preliminary results from our spectroscopic ata. 
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Fig.1 Four regions of spectrum no. 2922 taken at 9.9 UT May 1983 


with the BC 600+ Varo grating spectrograph at the Asiago 182 cm 

“Copernicus Telescope and processed with the PDS at ESO (Garch- 

ing) with a resolution of 6 A. Slit 10,000 x 150km centred on the 

brightest part of the coma (north-south direction). Exposure time 

30 min on 103-a-D plate. The flux of the HCO-band at 4,833~38 A 
is of the order of 5x107! erg em? s™' 


During the observation, the comet was 0.052 AU from the 
Earth and 1.01 Au from the Sun. The phase angle was 87.7° and 
the angle of the vector from the Sun to the comet was 171.3°. 
The spectra were taken on 103-a-D Kodak plates with exposure 
time varying from 5 to 30 min with a BC 600+Varo grating 
spectrograph. The measurements were done at exactly the same 

_ timeas those of the IRAS satellite’, thus comparison of the IR 
Jand visible data is extremely important. We have no notification 
_ of visual observations on 9.9 May from other observers. 
` < S, was discovered in the UV by the IUE satellite on 11 May 
tef. 2), and HO, NH, by the 100-m Effelsberg radio telescope 
on 11 and 12 May*. The slit of our spectrograph covers a region 
{0,000 x150km centred on the brightest part of the inner 
oma towards the Sun. The four spectra (see Fig. 1) were 
analysed with the PDS at the European Southern Observatory 
(ESO), Garching: all known neutral and ion molecules were 
found to be present. This analysis confirmed the discovery of 
the triplet and Asundi bands of CO (refs 4-6) and enabled the 
first identification of the CO-A system (0-5, 0-4, 0-3, 0-1, 0-0, 
1-1, 1-0); this system will be discussed elsewhere. 
The strongest unidentified features at 4,833-4,838, 5,159- 
5,201, 6,138-6,145 and 6,766-6,774 A belong to the formyl 
“‘gadical (HCO), which has already been discovered in interstellar 
“clouds at 3.46 mm (ref. 7). The other strong laboratory lines at 
-§,624-5,629 and 5,148-5,153 A merge with very strong C, bands. 
The Herzberg group? has only observed absorption spectra of 
HCO in the laboratory. It is difficult to observe this molecule 
in emission at vibrational levels up to v,=15 because of the 
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strong predissociation occurring at intermediate levels 
Herzberg, personal communication). Thus we have bee 
of publishing our discovery, but recent laboratory measureme 
enabled the laser-induced fluorescence detection of HCO ( 
and v, = 13) produced by the laser photolysis of formaldehy: 
Figure 1 shows the observed HCO lines in our best spectru: 
(the Q and.R branch cannot be clearly separated at our res ) 
ution). The line at 4,833-4,838 is anomalously strong. wi 
respect to the other HCO. lines*; but this could be due | 
contamination of CO (Angstrom system at 4,835 A)!°. The HC: 
flux at 4,838 A is of the order of 5x107" erg cm~? s~'. The mo 
probable production mechanism of HCO is from the photodi 
sociation of formaldehyde 


H,CO+hy>H+HCO 


It is also possible that the formic acid detected in interstell 
clouds at 18 cm (see ref. 11) could dissociate as: ; 


HCOOH + Av > HCO +OH 


It would be very difficult for HCO to be the parent in the frozen 
nucleus because it is a primary intermediate in hydrocarbon 
oxidation. Otherwise, HCO is very unstable and has a dissoci- 
ation energy (D) of only ~1 eV (Dy,co = 3.37 eV). 

Figure 2 shows that HCO disappears at ~e1,000 km from the 
nucleus in the direction of the Sun, but a second maximum at 
670-km represents a region where HCO is produced-—possibly 
by dissociation of H3CO: eee 


































Table 1 New molecules in Comet IRAS (1983 d) 
dentification 
positive (v4, vh, v5) A(A) Ref. 
HCO (0, 7, 0) 6,766-6,774 8, 10 
(0, 9, 0) 6,138-6,145 
(0, 11,0) 5,624-5,629 
(blended by C,) 
(0, 13, 0) 5,195-5,201 
(1, 9, 0) 5,148-5,152 
(blended by C,) 
(0, 15, 0) 4,833~4,838 
4,962, 4,818, 4,755, 10 


4,692 (blended by C,) 
4,617, 4,507, 4,421, 
4,336, 4,012 

(blended by C,) 
Strongly suspected 

H,CO 4,121, 4,220--40, 4,434, 10 
4,551-69, 4,695-73, 
4,821, 4,347 

(blended by CH +NH*) 
4,044 (blended by C,) 
3,952 (blended by 
C;+CH*+CO*) 


Main system: 10 
4,433, 4,651, 4,791, 

4,937, 5,710, 5,841 

(all other laboratory 

lines blended) 


Red system: 
6,984, 7,070, 7,319 
(0, 19, 0) 4,867-4,870 8 
(0, 17, 0) 5,385-5,389 
(0, 13,0) 5,842-5,847 
(0, 5, 0) 8,123-8,130 
(other bands blended:) 
(0, 15,0) 5,472-5,476 
(9, 11,0)  6,273-6,278 
(0, 9, 0) 6,780-6,785 
Diffuse bands: 
5,304, 5,395, 6,057, 5,490, 
5,670, 5,696, 6,322 
NH, 6,628-6,635 Herzberg 


HCO and H,CO were discovered in interstellar clouds by radio- 
astronomy”'', S, in the IRAS comet by the IUE satellite?, DCO only 
n'ionic form in interstellar clouds! and H.S only as a neutral in 
nterstellar clouds'!. A strong line at 4,837.64-4,838.39 was discovered 
n Comet Mrkos (1957 d} and given as unidentified!, although Green- 
and Arpigny'* suspected that this line belongs to HCO, but had 
ó evidence for other lines. Larson published'* evidence for S, in the 
ble but no other data have followed. 


The low dissociation energy of HCO makes the detection of 
this molecule possible only when a very high spatial resolution 
e to the Earth can be achieved. The mass spectrometer on 
itd the Giotto spacecraft may enable HCO and H,CO to be 
ected, but because of the volatility of these molecules the 
idance in a periodic comet such as Halley could be insig- 
ant if they are formed only in the outer shell of the nucleus. 
cesses like the Alfvén mechanism** could be responsible 
the excitation of HCO, but further theoretical investigations 
necessary to understand the excitation mechanisms in that 
ticular case. 

‘We have pointed out* that the lines of H,S* at 4,421, 4,509 
id 4,756 A could be present in Comet Bradfield 1980t, but 
cause of the bad resolution and the low intensity of these 
es. we could: not eonfirm the discovery. In the case of Comet 
RAS ‘the strong line at 4,507 A is very clear and all laboratory 
iown strong lines are observable (see Table 1). HS (D= 
77 &N, Jp = 10.42-eV)-has.been observed at 1.8 mm in interstel- 
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Fig.2 PDS-profile of the HCO-line at 4,833 A, obtained directly 
from the TRACE command of the Image Handling and Processing 
system without any smoothing or filtering procedure. Only the 
continuum subtraction has been made on the original scan. The 
smooth appearance can be explained by the fact that the PDS scan 
aperture slit used was 100 x5 am with x and y steps of the same 
corresponding size. The smoothing is the result of the y size of the 
slit, whichis much higher than the typical noise frequency of the 
photographic emulsion grain. On the abscissa 0 km represents the 
centre of the nuclear brightest region. The second peak at 670 km 
is probably due to dissociation of HCO (or HCOOH). 


lar clouds’, but we now have the first cosmic evidence for H,S*. 
Studies are being carried out to determine the spatial distribution 
of H,8*. 

For the other suspected new molecules reported in Table 1, 
further investigations are necessary. P. Feldman and M. A’Hearn 
(personal communication) report possible evidence of HCO 
UV-lines in their IUE-spectra and theoretical studies by Ip” 
support the detectability of molecules containing deuterium in 
cometary nuclei. Herzberg reports that the strong line at 6,633 A 
has been seen by Spinrad in Comet Bradfield 1979 |. This feature 
is actually a doublet with a spacing of 3 A and coincides with 
the Schüler band of NH4. 

Comet IRAS (1983 d) may have been the only opportunity 
for spectroscopic studies at high spatial resolution and for 
detecting new fundamental molecules by means of ground-based 
observations. The space missions to Comet Halley and the space 
observatories’ Space Telescope and Infrared Space Observatory 
might confirm and improve these discoveries within the next 
10 yr. 

We thank Professors G. Herzberg, L. Biermann, F. Whipple, 
M. A’Hearn, P. Feldman, W. Hübner, C. Arpigny, and Drs M. 
Festou and H. Porsche for valuable discussions and suggestions, 
also U. Ritter for help with spectra analysis. 
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The cold dark interstellar Taurus Molecular Cloud One (TMC-1) 
is a rich source of acetylenic and polyacetylenic molecular species, 
As well as linear closed-shell molecules (H(C==C),,CN) and sym- 
metric rotors (CH,C=CH, CH,C=CCN), several radicals 
(C=CH, C=CCN, (C=C),H) have also been identified’, 
many of which had not been studied previously in the labora- 
tory. Whether the observed abundances can be understood in terms 
of purely gas-phase ion—molecule chemical schemes, which produce 
reasonable agreement for the simplest polyatomic species, is 
unclear®’; alternative models involving the particulate interstellar 
grains as catalysts or sources have also been suggested™’. We now 
report the detection in TMC-1 of a new molecule, tricarbon 
monoxide (C30), whose pure rotational spectrum has only very 
“recently been studied in the laboratory. As C,O is the first known 
interstellar carbon chain molecule to contain oxygen, its existence 
places an important new constraint on chemical schemes for cold 
interstellar clouds. In fact, the observed abundance of tricarbon 
monoxide fits quite well into our model of galactochemistry. 

The observation of six microwave lines, together with accurate 
ab initio molecular orbital calculations, observed Stark patterns, 
and an appropriate mass spectrometer peak, conclusively 
: demonstrated the presence in the laboratory of a new gas-phase 
linear molecule with an electronic structure well represented by 
the classical resonance formula "C=C —C=0* (ref. 10). Our 
astronomical detection was carried out using a frequency- 
switching technique at the National Radio Astronomy Observa- 
tory’s 43-m telescope in Green Bank, West Virginia. The half- 
power beamwidth was 1.5 arc min, and the aperture and beam 
efficiencies were, respectively, 0.27 and 0.36. Figure | shows the 
spectrum obtained towards the position of maximum 
cyanopolyyne emission in TMC-1 (@(1950) = 4h 38 min 38.6 s; 
8(1950) = 25°35'45") at a spectral resolution of 12kHz= 
0.18 kms™'. The velocity scale assumes the measured rest 
frequency vo = 19,243.531 + 0.020 MHz for the J = 2-1 transition 
of C,0, 

Assuming the velocity (v) observed for a variety of other 
related molecules in this source (v = 5.8-5.9kms~')'>!' the 
astronomical emission line coincides with the laboratory 
measurement to within our spectral resolution, or | p.p.m. On 
the basis of local oscillator shifts carried out during our observa- 
tions, we can rule out instrumental and terrestrial sources for 
the feature. As proof of the assignment to C,;O, we note the 
subsequent detection at the same location in TMC-1 of the 
J=9-8, 8-7 and 5-4 transitions, which will be discussed else- 
where’’. 

The line in Fig. 1 has a small velocity width (~0.2 km s™'), 
as we confirmed by obtaining higher resolution (0.09 km s~') 
data immediately following its initial detection. In this respect 
it is similar to several other species, such as C,H (ref. 11) and 
like them C30 thus seems to be confined chiefly to one of the 
two cloud components at this position towards TMC-1. 

We made sensitive searches for the J = 2—1 transition of C,0 
towards other objects, some of which are rich molecular-line 
sources, and which together encompass a wide range of physical 
and (presumably) chemical conditions. We were unable to detect 
‘€,0 towards any of these objects. Our upper limits are given 
Ain Table |, in terms of the statistical noise of the spectra. 
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mined for dark clouds'*'*; this yields [C;O]/[H2]= 107". 
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Fig. 1 A spectrum of the dust cloud TMC-1 showing the J = 2~1 
transition of C,O. The velocity scale is correct for a rest frequency 
of 19,243,531 MHz, and the ordinate is antenna temperature correc- 
ted for atmospheric absorption and the telescope gain as a function © 
of hour angle. Negative half-intensity images of the line are expec- 
ted at the positions marked by arrows, as a result of the frequeno: 

switching technique used. 





Table 1 Sources searched for C,O(J = 2-1) 





RA (1950) Visre Resolution 3 xr, 
Source h min s Dec(1950) (kms™') (kms) 
W3(OH) 02 23 16.5 61°38 57” 44.0 0.74 
DR21(OH) 20 37 14.0 42 12 00 ~3.0 0.97 
Orion KL 05 32 47.0 —05 24 20 9.0 0.74 
W49N 19 07 525 09 O1 17 8.0 2.92 
W5IM 19 21 26.2 14 24 43 62.0 3.90 
Sgr B2 17 44 11.3 ~28 22 30 62.0 3.90 
LI34N 15 51 32.0 ~02 43 00 2.0 0.18 
TMC-1 04 38 38.6 25 35 45 5.8 0.18 
IRC+10216 09 45 148 13 3039 -26.0 7.8 
Cas A 23 20 55.0 $8 32 18 0.0 0.97 





* Assumed velocity with respect to local standard of rest, ; 


The rotational temperature for C40 in TMC-1 almost certain! 
falls in the range 3< T,,,< 10K, where the limits are set by. 
cosmic black-body background (the line is obviously 
emission) and the kinetic temperature determined for this clo 
in several studies'*. In fact, comparison with the excitation. 
other species with similar molecular weight and electric dip 
moment (4(C3,0) = 2.39D)'*"' suggests T o = 5-10 K. Adoptin 
this range of values and assuming that the line is optically thin 
we calculate a column density N(C,;O) = 1(10)!? cm™. This i 
about two orders of magnitude less than that of the C,H radical 
and roughly one-seventh the abundance of the radical CN (refs 
11, 13, 14). Although with less. certainty, an abundance: bi 
number relative to molecular hydrogen can be obtained by taki 
the ratio of the above column density with that of CO (actua 
to PCO) and adopting the value [CO]/[H2]=8(10)~* det 


The detection and determination of the fractional abundan 
of C0 allows us to test some hypotheses about the mechanism 
of formation of long-chain carbon compounds, one of the m 
puzzling current aspects of galactochemistry. Significantly, C40 
does not contain nitrogen, which indicates that the latter elemen 
is not crucial in carbon chain formation. Tricarbon monoxid 
is plausibly formed by electron recombination with the io 
HC,O*. Our chemical model of molecular clouds (refs 17, 18 
and R.D.B and E. Rice, unpublished data), extended to incor 
porate inter alia the hydrocarbon chain-building reaction: 
described by Schiff and Bohme'”, suggests that the most impor, 
tant formation channels for HC,0* are . : 


C,H" + H,O -> HC,0* + H, 
C,H*+CO,— HC,0*+CO 


















‘ith an additional production channel being 
C,H} +O- HC,0° +H 


note that C,H* and C,H) (but not C,H) are expected 
constituents of TMC-1, according to recent models and labora- 
ory reaction data®’. The important destruction channels for 
40 are expected to be charge and proton transfer reactions: 


C;0+X*—+C,0°+X (X==C, H, He) 
C,0+HY* — HC:0* +Y (Y=H;, CO, H,0) 


_Using plausible physical parameters for TMC-1! (kinetic tem- 
perature 10 K, H, density 10*cm™*), our model shows a C30 
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abundance relative to molecular hydrogen that varies with cloud 

eage, reaching a peak of 107 at 10° yr and a relatively steady — 
value ~3(10)~'! at 10° yr. The latter is in good agreement with 
the observational result suggesting that, at least in cold clouds 
such as TMC-1, the abundance of C,O0 can be understood in 
terms of purely gas-phase ion—molecule chemistry. 
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pea eniai 


There has recently been much experimental and theoretical interest 
mong astrophysicists in the synthesis of complex organic 
naterials (polymers) as a consequence of the energy deposition 
by external agents on carbon-containing molecular solids such as 
Hy C,H,, C3Hy, CoH and mixtures with CO,, CO, NH, and 
30. Solid residues have been obtained by bombardment of hydro- 
carbon rich frozen layers with UV photons' and energetic parti- 
les’~*. We present here the first quantitative results on the rate 
‘production of solid residues, obtained by bombarding thick 
= 10'?-10° C atoms cm’) frozen layers (T = 4 K) of methane 
ith 1.5-MeV protons produced at the Catania University van de 
raaff accelerator. This process converts the methane molecules 
). a polymer-like residue which is stable at room temperature and 
bove. The thickness of the solid residues has been measured. both 
situ by elastic proton scattering (in C atoms cm™?) and remotely, 
talysurf measurements (in um). Thicknesses of up to 15 jm or 
10’ C atoms cm™? have been measured and the density of 
residues is p 20.5 g cm’. The process appears to occur along 
he entire path of the incoming protons. 
‘Thick films of methane were accreted by vapour deposition 
n a cold finger in contact with a liquid helium Dewar placed 
n the scattering chamber. The vacuum in the chamber was 
aintained at better than 10°’ mbar to ensure that only layers 
f background gases consisting of at most a few molecules can 
e added to the thick frozen layer of methane. The temperature 
f the finger was not measured directly, but film stability was 
sted by measuring its thickness at various times after deposi- 
tion. The methanesolids were then bombarded with a 1.5-MeV 
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proton beam at various fluences (10'°~5 x 10'° ions cm?) and 
currents (1-100 nA cm7*). 

To study the part played by the substrate, for example, through 
its thermal conductivity, different materials were mounted on 
the finger before methane deposition: (1) a ~1-pm gold film on 
a silicon wafer, (2) a silicon wafer polished like a mirror, 
(3) potassium chloride cleaved from a monocrystal and immedi- 
ately put in the chamber and (4) a 3-um H,O ice layer. Material 
(4) was deposited on (1) and (2) just before the methane was 
deposited. 

Film thickness was measured before and after bombardment 
using the elastic scattering of the 1.5-MeV proton beam. A typical 
energy spectrum of scattered protons is given in Fig. 1b: the 
dashed area is proportional to the number of C atoms cm™ in 
the target’. The thickness of the films as deposited (Ty) ranges 
from 0.65 x 10°° to 3.9 x 10'° C atoms cm™’, corresponding to 3 
and 194m for frozen methane, which has a density of 
0.555 gem", 

During bombardment at low temperature, the thickness of 
the film was recorded by the same incoming beam to test whether 
To changed drastically due to sputtering or evaporation. 
However, the decrease in Tọ was not detectable because for 
1.5-MeV protons the sensitivity is not high enough to detect low 
erosion yields. The lowest number of C atoms detectable by 
proton scattering in the geometry of our experiment is ~5 x 
10'’ cm™* because the signal which comes from carbon overlaps 
the high background signal. Sputtering measurements per- 
formed with higher sensitivity for the 1.5-MeV He* beam give 
an erosion yield of 120 C atoms per He* (ref. 7 and W. L. Brown 
and L, J. Lanzerotti, personal communication); thus we expect 
a yield for MeV H* on methane of the order of 3 C atoms per 
H* (ref. 8). With this value and a proton dose of 5 x 10'° ions 
cm™?, we obtain a total erosion of 10°’ C atoms cm~ that is not 
detectable by our technique. 

After bombardment, the sample was warmed and the thickness 
of the solid residue measured at room temperature. The experi- 
mental data obtained for two different thicknesses of deposited 
films are plotted against proton fluence in Fig. 1a. The data can 
be fitted using the simple relationship: 


T= Ty (t-e") (1) 


where T (C atoms cm?) is the thickness of the residue, Tp (C 
atoms cm~?) is the thickness of the frozen methane as deposited, 
œ (cm’) is the cross-section of the target area, ¢ (protons cm~*) 
is the total implanted dose. Equation (1) is shown as the solid 
curves in Fig. la, From these we find o =4x107'’ cm? for 
1.5-MeV H* on solid methane. The exponential dependence of 
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Fig. 1 a, Thickness of the synthesized residues measured by pro- 
ton scattering plotted against proton dose for two initial thicknesses 
and various substrates: O, silicon wafer; ©, KCI; CI, ice; A, gold. 
b, Energy spectrum of protons scattered from the 2.7 x 10° C atoms 
cm? residue on the silicon substrate. c, Thickness of the synthe- 
“sized residues measured by talysurf (d) plotted against proton 
fluence for the two initial. thicknesses given in a and various 
substrates (key as a). 


the final thickness of the solid residue layer proves that the 
phenomenon investigated is a bulk process, where the methane 
molecules act as targets’. Along the ion track, the high- energy 
deposition rate, (~keV um™ for 1.5-MeV H*) produces, in a 
region of ~50 Å around the ion path, a high concentration of 
broken bonds. The recombination of the new unstable species 
containing carbon atoms as CH, radicals, gives rise to long- 
chain stable molécules mainly consisting of CH, and CH; 
groups, revealed by IR analysis of residues'®. Radicals such as 
“H have a high probability of recombining with each other and 
escaping from the target as H; with consequent hydrogen deple- 
tion; this was monitored by mass spectrometry in situ with the 
‘scattering chamber (refs 2, 11 and W. L. Brown and L. J. 
- Lanzerotti, personal communication). 
¿e After bombardment, the targets were extracted from the scat- 
nig chamber and the thickness of the residues was measured 
by talysurf (Fig. 1d). The talysurf technique tests the physical 
‘ profile of a sample surface with a moving mechanical finger. 
The sensitivity of the method is ~500 Afora sharp film boundary 
on a mirror-like surface, such as a silicon wafer used in micro- 
electronic devices. The surface of the residue appears as a 
yellow-brown spot of 5 x 5 mm and occasionally exhibits a rough 
profile with valleys and hills having lateral dimensions of the 
order of 0.2 mm. 

The physical thicknesses are plotted in Fig. lc against proton 
fluence for the same films given in Fig. la, with the exception 
of. samples on KCI, for which talysurf fails because of the rough 
KCI surface. The relationship between thickness and fluence is 

Very similar to that obtained with proton scattering. However, 
© equation (1) cannot be applied. Of course, knowing the density 
of the methane layer as deposited and its thickness in C atoms 
3 we-could calculate the initial thickness in pm. This, 
iver, is not exactly comparable with the thickness of the 
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Fig. 2 Thickness of residues in Ç atoms cm™ plotted against t the 
game but in pm. The density of the material is deduced assuming 
a stoichiometry of CHH = 1:2.5: : 


solid residue because of changes in density and in | 
stoichiometry (ratio C/H) induced by the beam fluence. Th 
solid curves in Fig. 1c are then drawn only as a guide.” 

The maximum thickness of the residue depends on. tl 
initial value and, for T,=3.9x10'?C atoms cm”*, reaches 
value of 15m. By increasing To, the maximum. thickness 
the residue also increases. However, an upper limit is set by 
range of the bombarding ior which for a 1.5-MeV: proton 
methane. is +40 um. In principle, by using more penetrati 
beams or on a continual removal of deposited methane layers 
it should be possible to build up very thick layers. Of course. 
if the beam energy changes, the cross-section of the proc 
would also change significantly. The dependerice of oon t 
stopping power of the incoming ion has still to be studie 
detail. 

Figure 2 plots two independent sets of thickness measu 
ments for our residues against each other, and their corre 
is quite good. Assuming, according to IR measurements’ 
our residues have a stoichiometry. C:H = 1:2.5, we obtain 
density for the new synthesized organic materials of p 
0.5 g cm”. This value has to be considered as the lower li 
because microfractures and voids in the film have been observed 
Polymers such as polyethylene or polystyrene exhibit densitie 
between 0.9 and 1.2gcm™?; however, lower values” betwe 
0.3 and 0.6 g cm™° have been measured in polyacetylene fil 
depending on how the material is processed. More: work 
necessary to clarify the microscopic structure of the synthesized 
films. 

We believe the present results have primary astrophysci 
significance. Frozen methane has been recognized as a maj 
constituent of the surfaces of Pluto and Triton". The presen: 
of large amounts of hydrocarbons on icy mantles in interstelle 
dust and comets is also widely accepted’. All these objects 
continuously bombarded by energetic ions from cosmic rays 0 
solar wind and solar flares that could be an important role 
the build up of new organic materials, similar to those synthe 
sized in our laboratory, both on interstellar grains* and o 
planetary objects''. The finding that IR features observed fror 
our residues are the same as from some astrophysical objects’ 
supports this belief. 
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The Southern Oscillation (SO) exhibits persistence which can be 
explained by positive feedback between ocean and atmosphere’. 
The persistence exhibits an annual cycle, being weakest in the 
northern winter and spring. Analysis of a marine data set shows 
hat sea surface temperature (SST) in the equatorial east Pacific 
s positively correlated with cloudiness in the northern winter but 
not in the summer and autumn. Because increased cloudiness 
yours a reduction in net incoming radiation, the relationship 
mplies a reduced positive feedback on the SST in winter. I show 
here that this.seasonal variation of the cloudiness feedback could 
: the main cause of the seasonal variation in persistence. 
_ Monthly mean SST data from ship reports, averaged over 
egree squares, were obtained from J. O. Fletcher (personal 
Ommunication), and converted into anomalies in 4° lat. by 10° 
ong. boxes relative to the mean for the same calendar month 
n 1949-68. The mean SST anomaly over the region of the east 
Pacific outlined in Fig. 1, a convenient index of the SO (ref. 2), 
xhibits strong persistence which varies markedly with season 
Fig. 2). The interannual variability, represented by the standard 
leviation (s.d.) of the index, also changes markedly from a 
ninimüm in March to a maximum in November (Fig. 2). Data 
e for 1947-69. The same index for 1900-39, although less 
éliable because there were fewer observations, exhibited a very 
imilar pattern (not shown). As a convenient measure of their 
imilarity, the correlation between the column for lag 3 in Fig. 
nd the corresponding column for 1900-39 (C;) is 0.88; the 
% significance level for 12 independent values is 0.71. Further, 
he index is highly correlated with a rainfall index of the SO 
f: 2) which may be regarded as an inverse measure of the 
ength of the Walker circulation, and which exhibits similar 
atterns of both persistence and variability! (C, between the 
icesis 0.95), 
have shown ‘previously that the above behaviour could be 
ccounted for on the hypothesis that there is a feedback relation- 
hip between the SST and the Walker circulation in which the 
eedback varies from strongly positive about October to weakly 
sitive about ‘April. This was demonstrated using a simple 
dback model of the form 


dA 


m ~k,A+k,qB+k,R 1 
dt B. aq ana ( ) 
dB 

a =k B KPA +k, Ry, (2) 


yhere A represents the negative of the Walker circulation and 
the east Pacific SST, k,, k, are positive constants representing 
the decay rates of Anomalies, q and p represent the interactions 
between. A and B, and R,, R, are first-order Markov processes. 

he observed statistics could be simulated if the product pq is 
always positive but varies from 0.4 to 1.3 in different seasons. 





Qualitative physical reasoning ® suggests that q is alway: 

*positive (warm sea favours weaker Walker circulation). Several 
mechanisms contribute to p. Weaker Walker circulation is associ- 
ated with weaker upwelling and advection which favour warm- 
ing of the sea, so the contribution of these mechanisms to pis 
positive. Weaker Walker circulation is also generally associated 
with more cloudiness**, which in the equatorial zone causes a 
reduction in net incoming radiation’ and therefore favours cool- 
ing of the sea, so this mechanism makes a negative contribution 
to p. Let 





p=potp,C (3) 


where po is the net contribution of all mechanisms other than 
cloudiness and is assumed positive, C is a measure of the 
association between Walker circulation and cloudiness, and p, 
is negative to represent the assumption that more cloud favours 
colder sea. I now present evidence that C varies seasonally, and 
that these variations, through their contribution to p, could be 
the main cause of the seasonal variations displayed in Fig. 2. 

Cloudiness data were obtained. from the same source as the 
SST data and were similarly processed. Figure 1 shows 
regression coefficients of monthly anomalies of cloudiness on 
the SST index for the period 1947-69. Over the year as a whole, 
warm sea is associated with a marked positive anomaly of 
cloudiness in the equatorial central Pacific, but in other regions 
the association with cloudiness is small and of either sign. These 
results agree well with those presented by Egger et al.” based 
on satellite data for 1965-73 for Septemiber to February, and 
those of Liebmann and Hartmann‘ based on satellite data for 
individual seasons during 1974-78. These encouraging 
similarities between patterns based on different data sets for 
different periods support the reality of the relationships and 
indicate that the present cloudiness data set is useful for such 
analyses. 

Table 1, based on cloudiness averaged over three regions (Fig. 
1, dashed lines), confirms a strong positive correlation in the 
western region, a weak positive in the central region, and a 
negligible relationship in the east. Table 2 shows the regression 
coefficients for the same data stratified by month. In the western 
sector (column 1) the correlation is positive throughout the year, 
whereas in the eastern sector (column 3) it is positive from 
December to February and negative in most other months. The 
T le ee oS ee Se 


Table 1 Relations between cloudiness in the three sectors in Fig. | and 
the SST index of the Southern Oscillation, all months 1947-69 





Sector 180-150°W 150-1200 W = 120-90° W 
Regression (oktas per °C) 0.35 0.13 ~0.04 
Correlation 0.47 0.19 ~0.03 
No. months data 209 182 276 


Saamna aaa 


Sameena enti tenrrneenen 
Table 2 Regression coefficients of cloudiness in the four regions 
outlined in Fig. 1 on the SST index of the Southern Oscillation 








4 

Region 

1 2 3 of SST 

180-150°W  150-120°W  120-90° W index 

January 63 49 17 32 
February 58 50 21 40 
March 45 10 ~13 2 
April 17 9 -2 6 
May 4) 20 | 15 
June 34 27 ~16 4 
July 31 12 =i] 0 
August 25 ~-13 1 2 
September 34 ~] -23 -4 
October 39 16 ~14 0 
November 15 -l -44 a 
December 33 -5 15 12 


Units, oktas x 100 (°C)7!. 
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Fig. 1 Regression coefficients of cloudiness on SST index, all 
months 1947-69, Units, oktas x 10 (°C)~'. Solid line, region used 
to define the SST index. Dashed lines, regions used in analyses. 
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Fig. 2 Lag correlations (x100) of SST index with itself in sub- 

sequent months, 1947-69. For example, January with February is 

0.92, August with December 0.88. Contours are for 0,8, 0.6, 0.4 
and 0.2. Right-hand column, s.d. of index (°C). 


‘central sector (column 2) shows intermediate behaviour. 
“Although the general levels of correlation are different in the 
«three, sectors, the annual cycles are similar, so that over the 

- région as. a whole (column 4) the correlation ranges from strongly 
positive in December to February to near zero in June to Novem- 
ber. Because the SST index is highly negatively correlated with 
the strength of the Walker circulation, the values in column 4 
are an estimate of C. 

I hypothesize that the annual variation in the contribution of 
the cloudiness/radiation mechanism to p can account for the 
observed annual variations displayed in Fig. 2. To test this, I 
use the aaah version of the feedback model: 


=-0,17(A-B-—R,) 
AB = —0.033( B — pA — R,) 
P=potpic 


where Ra, R, are Markov series for which the nth term is given 
by 
a Ran = 0.5 Rant Ean 

Ryn = O.7Rg n= + Ep,n 


and {£4}, {e,} are series of random numbers normally distributed 
with standard deviations 0.1, 0.02 respectively. AA, AB represent 
the changes in A and B in a time step of 1 day. As a trial, let 
Po = 1.02, p, = 0.02, the values being chosen such that the mean 
and range of p are approximately the same as I used previously’. 
The only seasonal variation in. the model is that of the cloudiness 
regressions C. The model is run for 100 simulated years. 
Figure 3a shows the pattern of persistence and variability of 
the model variable B, and should be compared with Fig. 2. 
Agreement in the general level of correlations and in the ampli- 
tude of the seasonal variation is expected because of the choice 
“of values for po and p,, and the question of modifying the 
` constants to obtain the best possible match was not pursued. 
The phase.information in Figs 2, 3a-is, however, based on 
dependent data. A comparison indicates a strong similarity 
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Fig. 3 a, Lag correlations (x100) of index B (output of the 
feedback model) with itself in subsequent months. Data for 100 yr. 
Right-hand column: sid. of B (arbitrary units). b, As a but bas 
on the hypothesis that increased cloudiness favours warmer se 


of the seasonal patterns of both persistence and variabilit 
a measure of agreement, C, = 0.84, and the correlation ber 
the sigma values (C,) is 0.86. The only appreciable disagreem 
is around February~April, when the model phase-is.-about 
month earlier than the observed phase. To confirm the stabilit 
of the model results, two further runs were made using differe 
random series, resulting in C; values of 0.76 and 0.91, and 
values of 0.90 and 0.91. 
These results are consistent with the hypothesis that the p 
sistence in the SO is due to positive feedback, and that tk 
cloudiness/ radiation mechanism plays a substantial role i 
seasonal modulation of the persistence by reducing th 
positive feedback during the northern winter. Hastenrath 
Wu? have proposed that a similar association between SST an: 
cloudiness in the Australasia region may be involved ina diffe 
ent aspect of the SO, the interannual fluctuations. 
As a further demonstration, I test whether the hypothes 
sical hold if increased cloudiness favours warmer sea, by takin 
= 0.66, p; = 0,02, where py was chosen such that the mean 

fee 12 values of p would be the same, and the positive sign fi 
p, represents the new assumption. A 100-yr simulation generate 
Fig. 3b. Figure 3b is very different from Fig. 2 with. respect 
phase. Therefore, if increased cloudiness favours warmer 
the hypothesis that the cloudiness plays a major role ini 
feedback is not supported. 
Finally, we may ask why the relationship of cloudiness to 
SST does vary in the observed fashion. Only partial explanatio 
can at present be suggested. The cloud in the west of the regio 
is mainly convective and therefore would tend to increase i 
association with the increase of convergence that would accom 
pany higher SST. In the east of the region, on the other han 
the normally cold sea is associated with stable: air an 
stratocumulus cloud, especially during the season centred o: 
September when the. sea is coldest’. When the sea is warmer 
than normal in this area, increased instabilit} will tend to brea’ 
up the cloud deck. Perhaps, during the northern winter, 
prevalent cloud: type tends to become convective and thereb 
changes the sign of the relationship between anomalies. 

















A recent general tion model experiment? has shown 
onable success at simulating the cloudiness anomaly pattern 
sociated with an SST anomaly in January, but similar experi- 

nts for other months have not yet been reported. The import- 

ce.of correct representation of radiative ‘processes for the 
imulation of atmospheric features has recently been demon- 
trated’. If cloudiness plays as important a role in air-sea interac- 
n'as the present results suggest, accurate simulation of it will 
essential before good simulations of SST variations, and 
refore the SO persistence, can be achieved. 
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ie use of streamlined projectiles is a possible method of disposing 

f high-level radioactive waste in oceanic sediments'~*. But there 

~ is little information about the manner in which freely-falling 
)jectiles impact on the ocean floor**. To correct this situation, 
e Engineering Studies Task Group of the OECD’s Nuclear 
ergy Agency (NEA) Seabed Working Group, through which 
arch into the feasibility of high-level radioactive waste disposal 
the sediments of the ocean floor is coordinated, recommended 
rogramme of studies with instrumented model penetrators®. The 
irst tests in this programme are reported here and were carried 
ton RRS Discovery cruise 134 in the Great Meteor East (GME) 
adioactive waste disposal study area in March 1983, as a col- 
‘ orative experiment between the Building Research Establish- 
| ment, the Joint Research Centre and the Institute of Oceano- 

‘aphic Sciences. 

The GME area lies in the southwestern distal part of the 
adeira Abyssal Plain (Fig. 1). Extensive geological and 
ophysical studies have been carried Gut there by the Rijks 

eologische Dienst of the Netherlands and by the UK Institute 

ceanographic Sciences’~''. The sediments found there con- 
of fine-grained turbidites of calcareous ooze, typically a 
jle of metres thick, interbedded with thinner pelagic units 
ing from ooze to pelagic clay”. The sand component is 
ligible in the west of the area but sandy beds appear towards 

e east from about 24°30’ W (ref. 8). 

Four similar penetrators were dropped in the GME area, each 
asuring 3.25m in length and 0.325 m in diameter ( Fig. 2). 
ey were constructed of solid steel and weighed 1.8 tonnes in 
The design of the penetrators was based on a detailed 

rodynamic analysis of several possible configurations of nose 


design a penetrator which would be stable during its passage 
rough 5 km of water and would achieve maximum possible 
etration on impact with the sediment. Penetrator drag, ter- 








@able1 Breakdown of drag coefficient of the penetrator in the water? ` 





y 
(ms7!) 10 20 30 40 50 
Friction body 0,107 0.096 0.091 6.088 0.085 
Friction fins 0.032 0.027 0.026 0.025 0.024 
Afterbody 0.025 0,025 0.025 0.025 0.025 
Roughness 0.016 0.015 0.014 0.014 0.014 
Total 0.180 0.163 0.156 0.152 0.148 
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minal velocity, hydrodynamic loads and path stability were 
considered. Various conclusions for the penetrator design shown 
in Fig. 2 were reached. 

(1) A terminal velocity of about 50 ms™! would be reached, 
corresponding to an overall drag coefficient of 0.148. The break- 
down of drag components at different velocities is shown in 
Table 1. 

(2) The distance necessary to reach terminal velocity would be 
about 600 m. 

(3) The motion produced by any disturbance to the vehicle’s 
angle of attack would be of a damped oscillatory type, with 
damping greater than critical. Such a disturbance would be 
reduced to one-tenth of its original value in a travel length of 
10m. The only likely cause for such a disturbance would be 
current shear. A step increase in horizontal current of 1 m s™' 
(2 knots), which is very unlikely, would create an instantaneous 
angle of attack of only 1° for a penetrator travelling at 50ms7'. 
(4) Safety considerations dictated that the penetrators be 
launched horizontally. Due to the high stability characteristics 
of the penetrator, a rapid rotation from the horizontal to the 
vertical position was to be expected. This was confirmed by 
calculation of the trajectory of a horizontally-dropped 
penetrator. After 2s the penetrator would be within 6° of the 
vertical and moving at 12ms7'. After 8s it would be 2° from 
the vertical, moving at42 ms”! ata depth of 190 m, and horizon- 
tally displaced from its release point by 13 m. 

Before launch each penetrator was fitted with an acoustic 
transmitter, housed in a cylindrical recess in the tail, which 
emitted a constant 12-kHz signal as soon as it was immersed in 
the sea. As the penetrator falls the frequency f' of the signal 
received at a fixed hydrophone is given by: 


V; 
VV 


where f is the frequency transmitted, V, the velocity of sound 
in the medium surrounding the transmitter, and V the velocity 
of the source away from the hydrophone. The receiving hydro- 
phone was suspended beneath a spar buoy floated away from 
the ship’s side and, after amplification, conveyed to a shipborne 
receiving unit which linearly converted the Doppler frequency 
shift to d.c. voltage. This voltage output was recorded together 
with an accurate time code on magnetic tape and, for immediate 
observation during the experiment, by a jet-pen recorder. A 
record of Doppler-shifted frequency against time was thus 
obtained. 

The results of the four penetrator drops are summarized in 
Table 2. The first two penetrators were dropped about a 
kilometre apart in a location where previous coring and the 
ship’s 3.5-kHz profiler records indicated negligible quantities of 
sand in the upper part of the sedimentary column. Good penetra- 
tion on 3.5-kHz records is obtained in regions with little or no 
coarse sediment’*; that achieved at the first site was 80 m. Very 
similar records of frequency versus time were obtained from the 
first two impacts, with the acoustic signal being detected to the 
full penetration depth (at which the signal frequency returned 
to its shipboard value, indicating zero Doppler shift) in each 
case; it was thus decided to move to a second site 65 km to the 
east for the remaining two drops, where a sandy layer was known 
to be present in the sediment: column from the Dutch coring®. 
The acoustic penetration achieved with the 3:5-kHz profiler. at: 
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Table 2) Summary ofthe four penetrator drops 








Position 
Trial Time Lat. Long. 
no. 20 March 1983 CN) CW) 
1 09.50 31° 25.5' 24° 44.2’ 
2 10.46 31° 25.6 24° 44,7 
3 15.44 31° 23.6 24° 02.6" 
4 16.22 31° 23.5 24° 02.8 


this location was 40 m. The penetrators were dropped but the 
signal from ‘the last one was lost soon after impact and its 
penetration history was not recorded. 

The terminal velocities of the penetrators through the water 
column were found to be in good agreement with the value 
predicted by the Aermacchi design study. Velocity~depth plots 
for three of the penetrators are shown in Fig. 3. Frequency was 

-converted to velocity using the equation given above and the 
sound velocity profile for the water column in the vicinity'*. 
Depths were calculated by integrating the penetrator velocities 

and working backwards from the time of impact. The velocities 

“of all the penetrators were observed to decrease with depth once 

‘terminal velocity had. been achieved. A decrease of ~4% is to 

: be expected due to the increasing viscosity and density of the 
¿ water with depth. An additional factor contributing to the veloc- 

< ity variation with depth might be deviation of the penetrator 
from a vertical path due to small misalignments of the fins. 
However, the acoustic tracking system was not capable of distin- 
guishing such deviations, observing only velocity away from the 
hydrophone. 

The velocity history of one of the penetrator impacts is shown 
in. Fig. 4a. To obtain this record the sound velocity in the 
sediment was assumed.to be 1,552 ms™', equal to that in the 
‘bottom water'*. Measurements of sound velocity made at room 
temperature and pressure:on board the ship, on cores from the 

“vicinity of the drop, found sound velocities in the surface sedi- 

ments 25 ms”! less than in seawater. The lower sound velocity 
in the sediment probably accounts for the apparent acceleration 
of the penetrator after hitting the sediment. What is observed 
is the increased Doppler shift due to the lower. velocity of the 
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* penetrometer drop sites 






































Descent time Impact Tail i 
Water depth through water velocity penetration» 
(m) (s) (ms™') (m) 
5,433 115.5 46.4 30.0 
5,433 118.5 48.3 313 
5,425 110 50.9 ~27 


5,425 115.5 47.3 Unknown 


medium. If this is so, the positive ‘blip’ on the record correspon 
to the moment at which the sediments closed over the tai 
the penetrator. This may have occurred when the tail was | 
with the sea floor or when it was at some depth into the sedime: 
The point of impact marked in Fig. 4a assumes that the increa 
in Doppler shift occurred when the penetrator’s tail was. lev 
with the sediment surface. This Doppler shift could be: inte 
preted as evidence for hole ‘closure behind the penetrato 
However, the physics of a sound source travelling at speed dow 
a borehole are complex and other interpretations cannot’ 
ruled out, 

The spikes shown on Fig. 4a do not correspond to real veloci 
changes but are the result of temporary lossés-of signal durin 
the penetration. Similarly the greater noise level observed whe 
the penetrator is stationary compared with the period immed 
ately before impact is due to the attenuation caused by: buri 
beneath 31.3 m of sediment. One of the surprises of the firs 
drops was the remarkably low attenuation of the acoustic sig 
by the sediment. For the first penetrator the attenuation 
only 3 dB, corresponding to 0.1 dB m7! through the sedimen 
for the second penetrator it was 13 dB, corresponding to 0. 4 dB 
m”'. These values are lower than reported attenuation rates 
12 kHz sound in comparable fine-grained marine sediments’ 

Before interpreting the velocity-time curve for . ea 
penetrator, the records were processed to remove spikes, bei: 
smoothed and corrected for the different sound velocity-+ 
sediment, which was assumed to be 25 m s~? lower than in th 
bottom water. Integration of the velocity—time curve from. 
moment of impact to the time at which zero velocity is: reache 
gives the tail penetration depth of the penetrator (Table 2) 
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Fig. 1 Bathymetric map of the 

GME radioactive waste disposal 

study area showing the positions of 
the penetrator drops. 
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Fig.2 The model penetrator used in the experiments, 
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Fig. 3 Terminal velocities of the first three penetrators through 
the water column. 


Full interpretation of the penetrator data requires an, as yet 
available, detailed knowledge of the geotechnical properties 
the sediments. However, shear strength measurements have 
en reported for a 9-m long piston core recovered 75 km from 
first penetrator site®. These agree broadly with a shear 

gth profile of C, =.1.5z, where C, is the undrained shear 


thods for calculating the penetration of projectiles into sedi- 
nts are still being studied, those used so far being largely 
mpirical'*?!, We adopted a very simple approach based on 
dies carried out by Arup'® in which resistance to the penetra- 
n is a function solely of the uridrained shear strength of the 
iment: te 
a Base resistance = NoyC,A; 
Shaft resistance = agC,A, 


e A; and A, art frontal and surface areas of the penetrator 
spectively, Nop is an empirical dynamic end bearing capacity 
ctor and aa is an empirical dynamic shaft adhesion factor. 
lating the sediment resistance plus buoyant forces to the rate 
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Fig. 4 a, Penetrator velocity plotted against time for the second 
penetrator. Velocity was obtained from the Doppler-shifted 
frequency using a sound velocity in the sediment of 1,552 ms”, 
b, Smoothed yelocity-depth profile for the second penetrator 
derived from a. The predicted profile (dashed line) was calculated 
assuming a linear increase of shear strength with depth. 


of change of momentum of the penetrator, the deceleration 
history was calculated by a computer program. With Nep = 20, 
aa = 0.4 and the shear strength profile C, = 1.52, good agreement 
was obtained with the observed deceleration: curve (Fig. 4b). 
Although this analysis has obvious shortcomings, in particular 
that soil resistance is taken to be independent of the penetrator 
velocity, the shape of the deceleration curve is predicted remark- 
ably well. ` 

Further model penetrator drops are planned at several oceanic 
locations in the next few years. Future experiments will deter- 
mine the influence of sediment type and penetrator shape on 
the penetration achieved. A 3.5-kHz transponder is under 
development which, it is hoped, will provide a communication 
link between buried penetrators and the surface ship. This will 
allow a range of measurements of the environment around the 
penetrator to be made, culminating in studies of what fills the 
disturbed zone created by the entry into the sediment. A fuller 
account of the experiment reported here will be published else- 
where. 

This research was carried out under contract to the Com- 
mission of the European Communities and to the UK. Depart- 
ment of the Environment, as part of their radioactive waste 
management research programmes. The results will be used in 
the formulation of UK government policy, but at this stage they 
do not necessarily represent government policy: os 
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Discovery of a large brine 
deep in the northern Red Sea 
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The Red Sea is formed of marginal areas, shallower than 1,000 m, 
which are separated by a deeper axial zone. The axial zone can be 
subdivided into three main segments. The southern segment is a 
relatively simple trough which, north of 16° N, corresponds to an 
oceanic rift'. The middle segment, from 19°30’ N to 23°50' N, is 
characterized by the presence of about 15 closed depressions or 
‘axial deeps, ranging from several kilometres to less than a 
. kilometre in length, and containing hot of cold brines underlain 
by their associated deposits of soft- and fine-grained metalliferous 
ds'~*, The northern segment of the axial zone is shallower, with 
lepths rarely exceeding 1,500 m, and has a smoother relief than 
~ the southern and central segments, In the northern segments, south 
of the Al Wajh depression at 25°25’ N, the axis strikes north-south 
(Fig. 1). North of the depression, towards ‘the approaches of the 
Gulf of Suez, the strike is NNW-SSE. The small, circular (1 km 
diameter) Oceanographer deep is located‘ along the western border 
of the axial zone of this northernmost segment. The Jean Charcot 
deep, which we discovered on 3 December 1983 during a cruise of 
the RV Jean Charcot, lies near 25°15’ N, 35°22’ E, close to the 
axis of maximum depth of the same segment. In contrast with the 
magnetically quiet neighbourhood, a strong dipolar magnetic 
anomaly typifies this deep, which in spite of intensive international 
surveys, is the first brine deep to have been discovered in the Red 
Sea in the past 10 years. 
_ The presence of brine accumulation was recognized by its 
-< characteristic signature on standard 3.5- and 12-kHz echograms. 
. Seabeam (multi-beam echosounder), magnetic, gravity and 
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Fig. 1 Schematic map of the Red Sea area showing the. axi 
depression (as defined by 1-km isobaths) and the main axial deeps 
or depressions containing hot brines and metalliferous sediments 
(@), or containing only metalliferous sediments (or sediments with 
hydrothermal influence) (O). The Jean Charcot deep is also indi 
cated. The |-km isobath outlines the main segments (oriented fron 
N-S to NNW-SSE) of the Red Sea axial zone. 


single-channel reflection seismic survey was then conduct 
The Jean Charcot deep is approximately rhombic in shape ant 
is 10 km long and 6km wide (Fig. 2). The long axis of the dee 
strikes 138° and is represented by a central topographic high 
which is also the direction of the alignment of several smal 
presumably volcanic, cones located ‘on the crest of ‘the hig! 
one of which marks its highest point (—900 m). The deep com 
prises four basins separated by the main axial ridge which | 
flanked by two lateral saddles. The greatest depth {1,490 m. 
uncorrected value assuming a velocity of 1,500 ms~') is in th 
southern basin. The slopes of the central relief and of the w 
of the depression are generally 40% or more. Outside the borde: 
of the deep, the seafloor is topographically smooth and.is sha 
lower than in the deep itself: about 1,200 m and 1,100 m to th 
SE and NW respectively. On the ESE side is a linear ridge and 
valley structure, oriented roughly NNE-SSW, which is a tran 
form fault direction. z 
Brines as thick as 250 ms (approximately) double travel time 
are clearly seen in the two larger southern basins (Fig. 3) whe 
their upper surfaces are marked by a strong reflector near 1,300 
(uncorrected value). Similar flat echoes occur at the same depth 
(very near. the sea floor) in the two smaller and shallower 
northern basins, indicating the presence here of very thin brines 
A water sample was taken of the brines 25 m*above the sea floo 
of the southern basin. The potential temperature measured was 
248°C, that is, 2.or 3°C higher than that of normal botto 
water. This is one of the lowest temperatures recorded for the 


































Red Sea brines, which have temperatures varying between 23 
and 62.3 °C (maximum temperature in the Atlantis II deep lower 
ob rines***'*), a 
The measured salinity of the brines we sampled is 310% and 
the chlorinity is 190%. These values are similar to those recorded 
_in the lower brines of the Atlantis II deep. 
__ A gravity core, 800 cm long, was taken in the southern basin. 
‘The core comprises four hydrothermal-type sedimentary units 
{ ated by three dominantly biodetrital units. The hydrother- 
material shows a centimetric, regular bedding of brown and 
en layers. The biodetrital sequences were formed by beige- 
oloured oozes. The upper biodetrital unit presents gravity slides 
and at the base, a decimetric bed of volcanoclastic material. 
‘X-ray diffraction analyses of the sediments show that they are 
mainly composed of calcite +dolomite + quartz with traces of 
olinite + plagioclase +illite+pyrite and some amorphous 
1 erial. An ICP analysis reveals (Table 1) a high SiO, content, 
which is related to the presence of abundant radiolaria, and a 
Zn enrichment (0.3-0.6%) similar to the mean Zn content of 
_ the most mineralized deeps*”*. The concentrations of the other 
€ lements are quite similar to those of other Red Sea biodetrital 
-sed iments” and of the basal detrital unit of the Atlantis II 
- deep*'”. 


4 4 The sediment collected directly overlies the volcanic basement 
; F and a fragment of basalt was found in the core catcher that had 
Z i g SU. ; 

OO etl P e TA 





_ Fig.2 Seabeam bathymetric map of the Jean Charcot deep. This parallelepiped-shaped depression is orientated NNW-SSE, which corresponds 


to the median direction of the Red Sea northern axial segment. The dimensions of the deep are about 10x6km. An axial crest with small 
_ seamounts, and two lateral highs over which high-amplitude magnetic anomalies were recorded, limit the four basins. The maximum depth 
= (1,490 m, uncorrected) has been observed in the south-west basin. The 
_ are ~1,310. Brines are observed in the two southern basins (see Fig. 3), 
__ of brines is suspected on the north-west basin. Note the well-defined transverse (transform) morphology (valley and ridge) on the southern 
i border. X-Y refers to the seismic line section shown on Fig. 3. 


northern basins are more restricted and shallower: maximum depths 
the top surface of which must lie at about 1,310 m. The thin presence 


been damaged during the coring. A preliminary observation of 
the rock fragments shows that it is a hyalobasalt. The glass is 
slightly oversaturated in Si (5% normative quartz) and rich in 
TiO, (3%) and Fe (FeO* 3%), the water content being ~2%. 
The microlites are composed of plagioclase, whose composition 
is at the limit between andesine and labrador, and of Mg-olivine 
and clinopyroxene (salite). The dominant phenocrysts are 
plagioclases of the same composition as the microlites. Some 
metastable relicts of xenomorphic amphiboles are also present. 
The chemical analysis of the salites shows little variation of 
composition. Using the discriminative diagram of Le Terrier et 
al.'', an alkaline or transitional affinity can be attributed to these 
rock fragments. 

The basalt sample taken from the bottom of the deep, the 
small cones aligned on the central relief (Fig. 2), the strong 
magnetic anomaly observed within this area (about 500 nT from 
peak to peak) and the lack of sediment over it, lead us to 
conclude that the central ridge within the Jean Charcot deep is 
a young volcanic edifice built during a recent opening in the 
northern Red Sea. Its location in the centre of the axial area 
and its alignment along the regional direction (about 140° N) 
of the northern axial segment (Figs 1 and 2) of the Red Sea 
strengthens this hypothesis. 

The magnetic anomaly map of the area of the Jean Charcot 
deep (in ref. 12) shows no linear trends but a broad dipolar, 
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Fig. 3 SW-NE seismic profile 
across the Jean Charcot deep (for 
localization, see Fig. 2). Source, 
water gun; speed, 10 knots. The 
vertical exaggeration is about 6 (for 
seawater velocity 1,500ms~'). 1, 
Brines. The top of the brines is 
shown as a characteristic flat echo. 
Stratification is seen well inside the 
brines. 2, Strong echoes represent- 
ing recent metalliferous sediments. 
3, Crest of central ridge devoid of 
any sediments and more probably 
of volcanic origin. 4, Upper 
Miocene evaporites. 5, Plio-quater- 
nary biodetrital sediments. In the 
Red Sea, the two units are classi- 
cally separated by a strong reflec- 
tor, or group of reflectors, called 
reflector S. On the north-east 
border of the deep the layered 





series between two strong reflectors (between 5 and 4) may correspond either to a thicker Plio-Quaternary unit (basin filling) orto Upper Miocene 


stratified series (evaporitic marls?). 


axial anomaly which is the most prominent in the northern Red 
Sea. These dipolar anomalies have been interpreted, together 
with other geophysical evidence, as being due to localized bodies 
intruded into a thin crust, the nature of which (thinned and 
intruded continental crust'*'S or oceanic crust'®) is con- 
troversial. 





Table 1 Inductive coupled plasma analysis of two samples of deepest 
sediments (dry salt-free) in a 800-cm long gravity core taken in the 
south-west basin of Jean Charcot deep 





1 2 
(%) 
SiO, 56.9 52.6 
ALO; 6.7 8.9 
Fe,0, 2.7 3.7 
CaO 14.0 13.1 
MgO 2.5 2.4 
K,O 1.1 — 
MnO 0.04 0.05 
TiO, 0.53 0.82 
(p.p.m.) 
P.O. 766 1,111 
Li — = 
Be A a 
B 34 11 
y 63 92 
Cr 57 60 
Co 97 53 
Ni 426 230 
Cu 44 39 
Zn 2,959 6,065 
As 108 lil 
Sr 384 302 
Y = ga 
Zr 108 103 
Nb we a 
Mo 20 14 
Ag = af 
Cd 23 20 
Sn = — 
Sb — 11 
Ba 261 197 
La = =: 
Ce 25 20 
WwW — j- 
Pb 49 47 
Bi — — 
Total + loss on fire 84.5% 78.2 





„Analyses from Bureau de Recherches Géologiques et Minières, 
Orléans, France. 
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Most authors agree with the conclusion that the northern F 
Sea is at an earlier stage of opening than the central and southei 
parts, where oceanic-type magnetic lineations have been clea 
identified'*'”'8, and where typical oceanic tholeiitic basalts 
(mid-oceanic ridge basalts) have been recovered'?*'. It is there- 
fore interesting that the basalt sample we dredged provides the 
first evidence that the northern Red Sea basement has alkali 
transitional affinities, and it could well indicate the site at whi 
the ocean originated. 

In the general scheme that describes the propagation o 
recent oceanic rift through deformed continental areas”, ne 
oceanic crust is first created at distension points (nucleatio 
which are isolated from the tip of the rift. The localization of 
these points can be influenced by pre-existing lines of weaknes: 
such as marginal fracture zones which are present on the 
southern flank of the Jean Charcot deep. ny 

The dimensions of the Jean Charcot deep are similar to th 
of other axial deeps such as the Nereus or Atlantis II deeps 
This would indicate that the rate and the style of axial distensi 
near 26°15’ N, 23°10’ N or 21°20’ N are similar. This cannot 
explained by a simple fan-shaped propagating oceanic ope 
model with its apex located between 23° and 24° N. If the rigi 
concept of plate tectonics is applied, we must then consi 
either that the pole of rotation is located farther north than th 
position deduced from the fan-shaped oceanic opening mo 
or that strike-slip movement occurred along the Arabia—Si 
plate boundary at the same time as the Jean Charcot deep was 
formed. Alternatively, the explanation could lie in non-ri 
plate behaviour involving locally-varying opening rates wi 
relatively short periods. 4 

We thank Captain Y. Keranflec'h and the crew of the RV 
Jean Charcot for assistance; Y. Thisse for mineralogical and 
geochemical analyses; P. Thonon, R. Hékinian and R. C. Maury 
for petrological observations; and H. D. Needham for usefi I: 
discussions. The cruise was supported by CNEXO. Contribution - 
no. 866 of the Céntre Océanologique de Bretagne. 
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_ Zones of coastal hypoxia revealed 
__ by satellite scanning have 
_ implications for strategic fishing 


_ Thomas D. Leming* & Warren E. Stuntz+ 


= National Marine Fisheries Service, Southeast Fisheries Center, 
_ Mississippi Laboratories at * National Space Technology 

_ Laboratories, Mississippi 39529, USA, and + Pascagoula, 
Mississippi 39567, USA 





_ Hypoxic (oxygen concentrations <2.5 mg I~') and occasionally 
anoxic bottom waters occur along the inner continental shelf of 
_ Texas and Louisiana’~. Little is known, however, about the spatial 
= and temporal scales of these hypoxic areas, Boesch* concludes the 
nearshore continental shelf west of the Mississippi River Delta 
has characteristics potentially favourable for large-scale bottom 
= Water oxygen depletion. These characteristics include influences 
_ from river and marsh discharges of freshwaters, rich in nutrients 
and sediments. The river effluent flows over the higher salinity 
shelf waters, creating two-layer yertical density stratification. 
_ When surface waters are heated during the summer, vertical stabil- 
__ ity increases, especially during calm wind periods, and vertical 
_ eddy diffusion is limited. Large-scale phytoplankton blooms stimu- 
_ lated by nutrients from the freshwater runoff can then produce 
_ large amounts of organic matter which sink and, through respira- 
tion and decomposition, deplete oxygen concentrations in the bot- 
tom layer. The hypoxia is normally limited to several metres of 
the water column next to the bottom® in water depths usually 
= <50m. Because hypoxia appears to be related to surface 
_ chlorophyll and temperature, which can both be measured with 
~ the Coastal Zone Color Scanner (CZCS) on board the Nimbus 7 
: ‘spacecraft’, we have tried to determine if conditions favourable 
_ for formation of hypoxia could be detected and monitored from 
_ Space. A linear discriminant function successfully identified areas 
of bottom water hypoxia detected by research vessels up to 10 
days after satellite overpass. The discriminant function also suc- 
cessfully predicted hypoxic areas in June 1983 without resort to 
research vessel data. Shrimp and finfish were absent in the hypoxic 
zones; hence, the mapping from space of conditions favourable 
for hypoxia development may have significant marine resource 
_ implications for both strategic fishing and management. 
_ _ A hypoxic bottom water condition off the south-west 
_ Louisiana coast in late June 1982 has been reported! from a 
| cooperative Southeast Area Monitoring and Assessment Pro- 
_ gram (SEAMAP) cruise involving federal and state research 
_ Vessels. The vessels occupied a series of randomly selected 
_ Stations from Alabama to Texas. Each station included measure- 
_ ments at surface, mid-depth and bottom, of temperature, salinity, 
_ chlorophyll and dissolved oxygen, and timed tows of a 12.2 m 
_ headrope-length shrimp trawl. The vessels were off Louisiana 
on 14-25 June 1982. 

On 14 June 1982, during orbit 18,374, Nimbus 7 passed over 
the northern Gulf of Mexico with the Louisiana hypoxic area 
in view of the CZCS. The CZCS data were first corrected for 
_ atmospheric Rayleigh scattering. Aerosol scattering was then 
__ estimated using the technique described by Gordon and Clark’: 
È however, because this technique fails with high chlorophyll and 
$ sediment concentrations, the aerosol scattering estimate was 
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Fig. 1 
orbit 18,374, 14 June 1982. Land, clouds and heavily sedimented 
water are black. 


CZCS-derived chlorophyll concentration for Nimbus 7 


further corrected by iteration’®. Chlorophyll concentrations were 
estimated based on corrected radiances at 443, 520 and 550 nm 
with a bio-optical algorithm''"'’. High sediment concentrations 
were excluded from processing by a conservative threshold in 
the 750nm CZCS spectral channel. These areas were pre- 
dominantly those affected by the Mississippi River plume and 
would include dissolved organic matter (yellow substance) of 
terrigenous origin. In areas of high chlorophyll concentration 
(5-10 mg m™), effects of yellow substance on the chlorophyll 
algorithm are not serious’. Additionally, measurements 
throughout the Gulf of Mexico, including the Mississippi Delta 
area, have shown a strong covariance between the concentration 
of total suspended particulate matter and pigment con- 
centration’. 

A full resolution, derived chlorophyll image, resampled to a 
rectangular grid for the Louisiana coastal area on 14 June 1982, 
is shown in Fig. 1. Land, clouds and heavily sedimented waters 
are shown as black, and chlorophyll concentrations are shown 
ranging from dark grey (<0.1 mg m~) to white (= 10 mgm”). 
Derived measurements of chlorophyll concentrations exceeding 
5 mg m ~~ are evident in significant portions of the coastal waters 
extending from east of the Mississippi River Delta along the 
Louisiana coast. Unfortunately, no surface measurements of 
chlorophyll in cloud-free areas were available from the SEA- 
MAP stations within 24h of CZCS coverage for direct com- 
parisons. However, later surface measurements (15-16 June) 
from areas where high chlorophyll concentrations were indi- 
cated ranged from 1.0 to 30.0 mg m~. 

Vessel and satellite measurements suggested that waters in 
the region of low bottom oxygen concentrations were strongly- 
stratified and experiencing a significant algal bloom. Addi- 
tionally, these areas generally had sea-surface temperatures of 
31°C or more. A plot of vessel measurements of surface 
chlorophyll and temperature (Fig. 2a) indicates that hypoxic 
and non-hypoxic stations were statistically separable. The F- 
ratio was 14.34 with 2 and 59 degrees of freedom, and the null 
hypothesis of equal vector group means can be rejected at 
P<0.001. A similar plot for the subset of vessel stations in 
cloud-free areas of the 14 June CZCS image (Fig. 2b), using 
CZCS-derived chlorophyll and temperature digital counts, 
shows that the two groups are distinct. Digital count values were 
used for temperature because the calibration source onboard 
the CZCS is unstable, precluding absolute temperature calcula- 
tions. For the CZCS data, F = 10.75 with 2 and 42 degrees of 
freedom and the null hypothesis is rejected at P<0.001. 

The separability of hypoxic and non-hypoxic stations based 
on CZCS-derived chlorophyll and temperature was used to build 
a linear discriminant function classifier using the data in Fig. 
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hypoxic stations were 0.834 0.103 iy 5 
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—0.094 + 0.635 and 136.2 +4.2. 


2b. The CZCS digital temperature values were converted to 
standardized variables with mean of zero and standard deviation 
of one, allowing the coefficients to be used as predictors for 
other image dates. The coefficients of the linear discriminant 
function indicated that over 95% of the discrimination was 
accounted for by the derived chlorophyll. Vessel data have 
shown that hypoxia occurs in water depths =45 m. The ratio to 
total area of water areas with depth less than and greater than 
45 m was used to adjust the discriminant function before classifi- 
cation for a priori probabilities that a given location would be 
hypoxic. The linear discriminant function was then used to 
classify the 14 June image into either hypoxic or non-hypoxic 
classes. 

There was a good spatial relationship between SEAMAP 
stations reporting hypoxia and the region classified as hypoxic 
from CZCS data (Fig. 3a). The hypoxic SEAMAP stations are 
superimposed as white crosses on the classified image and the 
non-hypoxic stations as white dots. Of the 15 stations reporting 
hypoxia, 11 fell into or adjacent to the classified hypoxic area. 
Four stations were in an area of either cloud cover or heavily 
sedimented water. A few of the non-hypoxic stations fell on the 
edge or slightly into the classified hypoxic zone, but most (95% ) 
classified correctly. Overall, the classification seemed to provide 
a good representation of hypoxic conditions off the coast of 
Louisiana and suggests that the areal extent was much larger 
than inferred from the vessels. The total hypoxic area shown in 
Fig. 3a is ~6,000 km*. A hypoxic area contoured from vessel 
oxygen measurements alone was 1,200 km’. 

In 1983, CZCS digital tapes were acquired and processed 
within 24h of satellite overpass during the SEAMAP survey. A 
relatively cloud-free image of the south-west Louisiana area was 
acquired on 9 June 1983. The chlorophyll image was produced 
and the coefficients of the discriminant function derived for the 
14 June 1982 image were used to classify potentially hypoxic 
areas (Fig. 3b). Research vessels sampled the area from 13 to 
20 June 1983. In contrast to 1982, no major phytoplankton 
blooms were found and only a small area west of Marsh Island 
was predicted by the CZCS to be potentially hypoxic. The 
research vessels confirmed the prediction since no hypoxia was 
found along the entire coast until they neared the satellite 
predicted area (about 7 days after overpass). It thus appears 
that the CZCS may be a valuable tool for predicting areas of 
potential hypoxic bottom water. 

In both 1982 and 1983, the research vessels measured hypoxic 
conditions in the predicted areas up to 10 days after the CZCS 
overpass. Maximum community plankton respiration rates of 
up to 8.0 mg O,m™°h™' have been measured in the bottom 
waters off the Louisiana coast’. At that rate, assuming no mixing, 
re-aeration or photosynthesis, about 8 days would be required 
to reduce bottom oxygen concentrations from ambient levels of 
4.0 to 2.5 mg1`'. The benthic respiration rate (not measured), 
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Fig. 3 a, Discriminant function classification of 14 June 1982 
CZCS image showing area (light grey) of predicted potential 
hypoxic bottom water. White dots and crosses are vessel locations 
(15-24 June 1982) with bottom water oxygen concentrations greater 
and less than or equal to 2.5 mg1"', respectivefy. b, Discriminant 
function classification of potential hypoxia on 9 June 1983 using 
function coefficients from 14 June 1982. Station symbols are the 
same as a (vessels 13-20 June 1983). 
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Fig. 4 Shrimp (a) and finfish (b) catch rates plotted against 
bottom oxygen concentration at research vessel bottom trawl 
stations for June 1982. 


wever, may also contribute to increased oxygen depletion 
ates". The persistence of hypoxic conditions after the decline 
f surface phytoplankton blooms would depend primarily on 
ertical and horizontal mixing, advection and photosynthesis in 
he bottom layer. Thus, if a surface bloom is detected by the 
CS, the potential hypoxia could be predicted to occur up to 
0 days later. However, absence of a surface bloom in a par- 
cular image does not necessarily mean that hypoxia is absent, 
e to the unknown time lag associated with persistence. A time 
eries of CZCS images would, however, help to eliminate this 
certainty. Plankton species associated with surface blooms 
re not measured during the SEAMAP surveys. 
e effect of hypoxic bottom waters on living marine resources 
t fully understood. Trawl catch rates of shrimp and finfish 
e 1982 SEAMAP stations, however, appeared to be greatly 
enced by bottom oxygen concentrations (Fig. 4). Above 
tom. oxygen concentrations of about 2.5 mgl, catch rates 
ied without any apparent dependence on oxygen concentra- 
ins: Below this concentration, catch rates were virtually zero. 
$ not known if the lack of these animals in areas reporting 
oxic conditions was due to direct mortality or to avoidance 
the animals. Fish kills in areas of the Gulf of Mexico known 
‘experience hypoxic conditions have, however, been 
sported*!°, 
[he ability to detect and monitor hypoxic and potentially 
oxic conditions from space could have significant fisheries 
plications. If the ©ZCS were an operational instrument, maps 
otentially hypoxic areas could be produced for distribution 
e fishermen to be used as strategic fishing guides. Such 
ap- could also be used to plan research programmes on the 


effects of hypoxia on the fishing resources. Hypoxia in the» 
worthern Gulf normally develops during the summer, the time 

of peak offshore migration of white shrimp. If further research 
shows that hypoxia during this stage of the life cycle is a critical 
factor, the operational mapping of hypoxic areas from space 
could provide a useful aid in the management of the resource. 
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Concern about the levels of lead in blood is widespread. There is 
uncertainty, however, about the relative importance of the various 
environmental sources. Lead in petrol is widely assumed to be one 
of the most important sources and air and dust have been identified 
as the main routes to man. Water is regarded as an important 
source in areas with a plumbosolvent water supply, but of little 
or no importance in other areas. In order to evaluate the contribu- 
tion to blood lead by various environmental sources, we have 
conducted surveys of random samples of women in areas of Wales 
chosen to represent very different levels of exposure to traffic. We 
report here that lead in air makes a small, but significant, contribu- 
tion to blood lead but there is no evidence of any contribution 
from dust. Although in none of the areas were high levels of lead 
detected in water, water emerges as an important contributor to 
blood lead. 

Our surveys were based on representative samples of women 
in five areas chosen to represent different exposures to traffic: 
Cardiff, a major city which has 30,000-40,000 vehicles per day 
on the major roads; dwellings within 100m of the elevated 
motorway in Port Talbot, with around 27,000 vehicles per day 
on the motorway and around 16,000 on the major roads in the 
area; dwellings beside major roads in three valleys in South 
Wales, with around 15,000 vehicles per day; dwellings in culs 
de sac off these valley roads in which there is no through traffic; 
and Henllan, a village with about 500 vehicles per day. No area 
had a plumbosolvent water supply or was near an industrial 
source of lead or a lead mine. Women were selected because 
they reflect environmental lead levels more closely than men. 
Cooperation was high throughout and samples were obtained 
from around 90% of the women in each area. From the dwellings 
of a random sub-sample, air samples (4.5 1 mm? for 7 days) 
were taken at 1 m above floor level in the main living room: The 
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Table 1 Environmental and venous blood dead levels of representative population samples 


Indoor air lead 


(ugm~) (uge') 
Urban area 0.27 173 
0.06-1.15 22-1341 
(34)* (29)* 
Motorway area 0.17 185 
0.04-0.52 39-879 
(16)* (18)* 
Roadside dwelling 0.18 355 
0.05-0.61 172-731 
(14)* (42) 
Culs de sac dwellings 0.12 269 
0.03-0.37. 83-870 
(14)* (28) 
Village 0.04 — 
0.01-0.13 
(9)* 


Pavement dust lead Household dust lead Water lead Blood lead 
(ugg ') (mg 17’) (ug di) 
209 0.014 13.2+4.76 ; 
44-998 0-0.088 yy 
(51) (54) (56) F. 
259 0.004 9.7 +2.69 
62-1075 0-0.029 
(29) (17) (31) h 
200 0.007 8.9 +2.48 t 
49-808 0-0.041 Eir 
(41) (39) (42) Pe- 
177 0.004 8.9+2,90 3 
40-788 0-0.056 g 
(27) (25) (30) Es 
177 0.003 7.9+ 1.86 wg 
36-851 0-0.021 à 
(31) (28) (33) h 


a a 


Values are geometric mean and total ranges for air lead; means and 95% ranges after log transformation of dust levels, and after cube root 
transformation of water levels; and mean +s.d. for venoms blood lead. Number of samples in parentheses. T., 


*Random sub-samples of dwellings. 


pavement outside every house (~ 2 m?) was swept and all loose 
dirt collected, and in every dwelling the contents of the house- 
hold vacuum cleaner and a ‘kettle sample’ of water from the 
cold kitchen tap were taken. Dust samples were dried, sieved 
(1 mm) and lead extracted by hot nitric acid. Water samples 
were acidified. Lead estimations were by atomic absorption 
flame spectrophotometry. 

Table | shows that in all cases the air lead levels are low but 
they show marked differences (P <0.001) which are consistent 
with the traffic flow in the various areas. Although differences 
in lead levels in pavement dust are statistically significant, they 
are small relative to the marked differences in traffic. House 
dust lead levels show very little difference between areas (P > 
0.05). While these lead levels are lower than those reported by 
some other workers, methods are not standardized in environ- 
mental work and direct comparisons cannot be made. Water 
lead levels are all very low and only a very few are above levels 
suggested in the current EC Directive limits (0.05 mg 1~')'. The 
mean blood lead levels show significant heterogeneity (P < 
0.001) and increase with increasing traffic levels. 

We have examined the data by regression, considering blood 
lead as dependent on all the environmental sources measured. 
Clearly results obtained from such an analysis are sensitive to 
some extent to the transformation used for each variable. We 
have based decision on transformations on other published 
studies, and on the fit obtained in our own analyses by different 
transformations. The first estimate of air lead exposure used for 
each woman was the mean of all the measurements made in her 
area of residence. In this model, therefore, it was assumed that 
differences in air lead measurements made in the various dwel- 
lings within a defined area are to a large extent due to sampling 
and analytical errors, and do not reflect real differences in the 
exposures of women within that area. Entering the mean air 
lead levels, together with all the other individual environmental 
lead levels, generated the following regression: 


log blood Pb = 1.06 +0.18 log mean air Pb 


—0.02 log dust +0.62 water Pb’? (1) 


Regression ‘explains’ 38% of the variance in blood lead. Pave- 
ment dust level does not contribute and the units for the other 
measurements are as in Table 1. The slope of the blood lead—air 
lead regression is usually stated for an increase from | to 2 pg m? 
air lead? and entering these levels into equation (1) gives a slope 
of 1:1.8. Although this represents an extrapolation, it does give 
a slope which closely agrees with most other authors’. 

If regression is based on air lead measurements made in 
individual dwellings, then the following equation is generated: 


log blood Pb = 0.90 +0.06 log air Pb 


+(0.58 water Pb)'/* (2) 

































House dust no longer contributes and the model ‘explains’ 23%" 
of the variance in blood lead. Linear versions of these two 
models ‘explain’ only marginally less, in each case, of the © 
variance of blood lead levels. oe 
In an attempt to make a realistic evaluation of lead in each” 
source we have entered into the regression equations two levels 
of lead for a particular source, holding the other sources constant ; 
at their overall mean levels. The two levels entered are, in each — 
case, the limits of the 95% range (mean +2 s.d.) for that source. — 
Thus, to evaluate water as a source of lead we have entered — 
water lead into the two regressions at 0 and 0.06 mg is (rep- | 
resenting the 95% range) and held air at 0.16 pg m~ and dus j 
at 204 ugg ' (representing overall mean levels). In the evalu- | 
ation of air lead we have used a different pair of levels for each 
regression: for equation (1) we used two area mean levels, and 
for equation (2) two individual air lead levels, both pairs rep- 
resenting 95% ranges, the latter derived from the actual range 
of the untransformed data. On the basis of regression (1), thi 
indicates a range in the contribution from air of up to abou 
3.1 pg dl~', and up to 5.5 pg di-' from water. Using regression 
(2), the range in contributions from air is up to 1.2 pg di!" and — 
4.9 yg dl! from water. The contribution of dust is negligible in 
each regression. it 
One of the strengths of the data we present is that they are — 
based on representative samples of subjects and their dwellings, © 
within defined areas, and these were chosen to represent ‘typical’ 
areas in Wales. Furthermore, the methods for collection of © 
environmental samples, and the analytical methods were iden- 
tical throughout. om 
Our data on air lead are not easy to interpret. The use of © 
mean air lead at ‘area’ level confounds the effects of differences _ 
between the areas in social factors, diet and so on, with the — 
estimate of the effect of air. Therefore, equation (1) is certain — 
to give an overestimate and while equation (2) does not eliminate — 
confounding completely, it is probably to be preferred. A further 
analysis in which an ‘area’ factor is introduced, as suggested by — 
Azar et al?, gives a very low estimate of the air effect, but the 
‘area’ factor undoubtedly removes some of the air lead effect — 
itself. $ 
The implications of our data on water lead are of great interest. — 
In many studies of this kind, water has been either ignored 
or dismissed as unimportant’. In studies in other areas we have 
shown that water can be an enormously important source of- 
lead. For example, in an area in North Wales with a plumbosol- 
vent supply the blood lead levels of residents were double’. — 
Even in a hard-water area, water can be sufficiently plumbosol- — 
vent to raise blood lead levels significantly*”.sThe present results 
indicate that even in areas with quite low water lead levels, | y 
water is an important source of lead. y 
We thank Dr M. Morton of Tenovus, Cardiff for water lead y 
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esponse to stress, adrenocorticotropic hormone (ACTH) is 
leased by corticotrophs in the anterior pituitary under the control 
several central and peripheral factors’? including corticotropin- 
leasing factor (CRF), which was recently isolated from the brain 
ind sequenced”. Immunocytochemical studies have shown that most 


egion PNM T is the final enzyme in the biosynthesis of adrena- 
line’ and has been demonstrated in the brain'®. In the present 
ludy we found an association of adrenergic nerve fibres and CRF 
eùrones by immunohistochemistry using antisera to PNMT and 
RF. To examine the functional significance of the adrenergic 
ojection to the PVN, we blocked the synthesis of adrenaline 
ing a specific inhibitor of PNMT. The depletion of adrenaline 
sulted in an increase in CRF immunoreactivity. The present 
esults suggest that, as well as catecholamines which regulate 
CTH release at the anterior pituitary level via a B,-adrenergic 
sceptor mechanism’, central catecholamines (mainly adrenaline) 
lso affect ACTH release through their action on CRF cells. 
eripheral catecholamines seem to have a direct stimulatory effect 
n the pituitary corticotroph cells'', whereas the present findings 
ggest that central adrenaline-containing neurones have an inhibi- 
‘ory role in the physiological response to stress. 
n addition to CRF, it has been suggested that catecholamines 
ng at central and/or peripheral sites are involved in regulat- 
ig the release of ACTH*'*"'®. In this regard, Seybold er al. 
ested that catecholamines tonically inhibit vasopressin and 
urophysin release from terminals in the external layer of the 
edian eminence: Kiss et al subsequently showed!’ that the 
agin of these fibres are the CRF-containing cell bodies in the 
VN which in response to adrenalectomy also become 
sopressin-positive, Recently, we have shown that £,- 
renergic receptor agonists have a direct action on ACTH cells 
1¢ anterior pituitary''. The present study was based on earlier 
findings that revealed a dense network of catecholamine- 
ntaining fibres in the PVN”? and showed an inverse relation- 
ip between adrenaline levels in the brain and corticosterone 
centrations in the plasma'*. We wanted to determine whether 
drenaline has a disect action on the CRF neurones at a central 
evel to influence ACTH release. 
Rats were perfused with 4% paraformaldehyde, then their 
rains were dissected and processed for indirect fluorescence 
























Fig. 1 immunostaining with anti-CRF and anti-PNMT antisera 
in the hypothalamic PVN. The insert is a schematic drawing of 
neurone subpopulations in the PVN at the level presented. The 
shaded area is the medial parvocellular (mp) region where the 
CRF-immunopositive cell bodies and the PNMT-positive nerve 
fibres are located. 3V, Third ventricle; dp, dorsal parvocellular 
subdivision; pm, posterior magnocellular subdivision. x65. 
Methods: Rats were perfused with 4% paraformaldehyde, then 
their brains were removed and postfixed in the same fixative for 
th, after which they were placed in phosphate-buffered saline 
(PBS) containing 5% sucrose, and washed overnight at 4 °C before 
processing. Coronal, 4-10 m-thick frozen sections were cut in a 
cryostat, thawed on gelatin-coated slides and incubated with the 
primary antisera for 24-48 h at 4°C. The specificities of the anti- 
CRF and anti-PNMT antisera have been described previously’, 
The antisera were used at a 1:400 dilution in PBS containing 0.6% 
Triton X-100. The sections were incubated with rhodamine-conju- 
gated secondary antibody at 37°C for 30 min, washed, mounted 
with glycerol/ PBS and examined by epifluorescence using a Zeiss 
fluorescent microscope. No staining was observed in the presence 
of an excess of CRF (10 pg ml! antiserum). 


immunocytochemistry (for details see figure legends). In some 
cases colchicine, an inhibitor of axonal transport, was injécted 
intraventricularly 24 h before perfusion to induce a build-up of 
CRF peptide in cell bodies. Sections were stained: with antisera 
against PNMT and CRF. On examination of adjacent sections, 
it was observed that throughout the PVN the distribution of 
PNMT-immunopositive fibres and CRF-containing neurones 
overlapped (Fig. 1). Furthermore, double staining of the same 
sections showed a close juxtaposition of PNMT-containing 
fibres and CRF-positive cell bodies. 

To examine whether adrenaline might affect CRF metabolism, 
we treated a group of rats with a specific inhibitor of PNMT 
activity (LY 134046; Lilly Laboratories). As PNMT is the 
enzyme that converts noradrenaline to adrenaline’ and because 
it has been demonstrated in the rat brain’, inhibition of this 
enzyme should reduce the adrenaline content in the brain. It 
has been reported that animals treated with LY 134046 show a 
100% depletion of hypothalamic adrenaline content, but the 
drug does not affect other brain catecholamines’. It has also 
been shown that peripheral catecholamines are not affected by 
this treatment’, 

Drug-treated and saline-injected (control) animals were per- 
fused and processed for immunostaining using either the indirect 
fluorescence” or the avidin-biotin staining procedure?’", In 
control animals few, if any, cell bodies were stained with anti- 
CRF antiserum. This finding is in agreement with the results of 
other groups who have examined rat brains without injecting 
the animals with colchicine**. On the other hand, numerous 
CRF-containing cell bodies were visualizéd in the PVN of 
animals which had been pretreated with the PNMT inhibitor 
(Fig. 2a,b). In a separate experiment, rats injected with PNMT 
inhibitor or saline were also given colchicine 24h before per- 
fusion. In saline-injected, colchicine-treated animals, the CRF- 
containing neurones in the medial parvocellular subdivision of 
the PVN, described by others**, were observed, However, rats 
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Fig. 2. Immunostaining with anti-CRF antiserum in the PVN. a, 
Saline-injected rat, non-colchicine treatment. Few CRF-positive 
cell bodies are visible. b, Rat injected with PNMT, no colchicine 
treatment. Note the increase in the number of CRF-positive cells 
in the medial parvocellular region compared with a. c, Saline- 
injected, colchicine-treated rat. The population of CRF cell bodies 
described elsewhere*® can be seen. d, Rat injected with PNMT 
inhibitor, plus colchicine treatment. Note that the combination of 
PNMT inhibition plus colchicine treatment produces an increase 
in the number of CRF-positive neurones compared with colchicine 
alone (c). IH, Third ventricle, x65. 

Methods: Animals received daily intraperitoneal injections of the 
PNMT inhibitor (40 mg per kg) for 5 days using physiological 
saline as the vehicle, or were injected with saline alone (control 
groups). Colchicine (95 pg per rat) was injected intraventricularly 
24 h before perfusion. Four rats were included in each group. The 
brains were fixed as described in Fig. | legend. Coronal 40 pm-thick 
sections were cut in a vibratome and processed according to the 
ABC (avidin-biotin) method as described elsewhere”! ”*. The sec- 
tions were incubated overnight at 4°C in anti-CRF antiserum 
(1:1,000 in PBS containing 0.6% Triton X-100). After washing the 
sections in PBS, they were incubated with the biotinylated secon- 
dary antibody (1:1,000) at room temperature for | h. After rinsing 
of the sections, they were incubated in the avidin—biotinylated 
peroxidase complex (1:1,000) at room temperature for 1h. The 
peroxidase was then developed using 0.04% 3,3'-diaminobenzidine 
tetrahydrochloride (Hach) containing 0.025% H,O. The reaction 
was stopped after 5 min, then the sections were dehydrated and 

mounted in Permount. 


treated with PNMT inhibitor plus colchicine had almost twice 
the number of CRF-immunoreactive cells as those injected with 
colchicine alone (4,440, 4,350 versus 2,490, 2,320 cells). 

The increase in CRF staining following PNMT inhibition may 
be explained in several ways. First, adrenergic fibres may have 
a tonic inhibitory effect on CRF synthesis and depletion of 
adrenaline may release this inhibition, causing an increase in 
CRF production. Such an effect may be due to a direct action 
of adrenaline on CRF-producing neurones or may be mediated 
by a group of neurones that also receive adrenergic input and 
project to the CRF cells in the PVN, thus inducing them to 
produce more CRF; the first possibility is more likely because 
adrenaline nerve terminals overlap the CRF neurones. Second, 
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adrenaline released from terminals in the median eminence may 
stimulate CRF secretion from nerve endings there and thus 
PNMT inhibition may cause an accumulation of CRF in the ¥ 
cell bodies due to blockade of release from nerve terminals. — 
This possibility seems unlikely as inhibition of PNMT resulted — 
in enhanced CRF staining even in rats treated with colchicine, 
which blocks axonal transport and possibly the release of 
neurotransmitters”>. . 

We have demonstrated here that CRF-containing cell bodies — 
in the PVN are innervated by adrenergic fibres and that these ~ F 
fibres seem to regulate the synthesis and processing of CRF in 
the PVN. These observations suggest that in addition to the role — 
of peripheral catecholamines in effecting ACTH release at the 
pituitary level'', central catecholamines are also involved in- 
regulating ACTH secretion by their action on the hypothalamus. 
Thus, inhibition of PNMT resulted in a doubling of CRF- 
positive cells in the PVN of colchicine-treated rats. While the — 
peripheral catecholamines have a stimulatory effect'', our data — 
suggest that centrally acting adrenaline may inhibit ACTH ~ 
release. 7 

We thank Ray W. Fuller (Lilly Laboratories) for donating — 
the LY 134046, Menek Goldstein (NYU) for the anti-PNMT | 
antiserum and Robert Eskay (NIH) for the anti-CRF antiserum. — 
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The cell adhesion molecule isolated from neural tissue (N-CAM) — 
is a membrane glycoprotein which is directly involved in calcium- 
independent adhesion among nerve cells and their processes (for — 
review see refs 1, 2). N-CAM has an unusual carbohydrate moiety 
containing a large and variable amount of sialic acid, the variation 
reflecting both the type of tissue and its developmental a pA 
N-CAM is believed to be a ligand in the formation of cell-cell — 
bonds® and a decrease in sialic acid content from 30% to 10% is 
associated with a marked enhancement of the molecule’s binding — 
activity” *. Antibodies to N-CAM block its function and inhibit 
or alter bundling of nerve fibres’, retinal cell development'*"? 



















































i nerve-muscle interaction'*'*, Here we use micro-gel elec- 
phoresis to compare N-CAM from several parts of the 
loping chick visual system. The results indicate that N-CAM 
_ from the retina of 5-10-day-old embryos already exists in a 
relatively sialic acid-poor form, whereas the tectum and optic nerve 
beyond the eye contain sialic acid-rich N-CAM until much later 
in development. These studies suggest that the perikaryon and 
proximal axon shaft of retinoganglion cells have N-CAM with a 
r sialic acid content than the distal portion of the axons, and 
that resulting differences in neurite adhesivity may be an important 
factor in the formation of the optic system. 
__ In the chick, retinoganglion axons first leave the eye at about 
embryonic day 3, gradually building the optic nerve. The first 
axons reach the tectum at day 6 and cover the entire tectal 
su face by day 12 (ref. 16). The N-CAM of the optic system on 
embryonic day 10 was analysed by electrophoresis of SDS- 
solubilized tissues in micro-polyactylamide gels (SDS-PAGE)'", 
transfer of the proteins to nitrocellulose sheets’? and staining 
with affinity-purified rabbit anti-chicken N-CAM (Fig. 1). This 
e: periment revealed that the N-CAM from tissue slices rep- 
‘resenting several consecutive layers of the retina, including 
nuclear and fibre layers, has a high electrophoretic mobility 
haracteristic’ of the sialic acid-poor molecule. In contrast, 
dissected optic nerve and chiasm, optic tract and tectum yielded 
N-CAM with the lower mobilities associated with the sialic 
acid-rich form of the molecule. In agreement with previous 
studies, removal of sialic acid from tectal N-CAM by boiling 
yielded material with an SDS-PAGE band pattern similar to 
that of retinal N-CAM. Addition of protease or neuraminidase 
inhibitors (Trasylol, trypsin inhibitor, phenylmethylsulphonyl 
oride and 2,3-dehydro-2-deoxy- N-acetylneuraminic acid) did 
change the banding pattern of the samples, suggesting that 
the observed differences were not caused by enzymatic degrada- 
tion during tissue solubilization. 
__ N-CAM from retina, optic nerve and tectum was also analysed 
for an age-dependent decrease in sialic acid content (Fig. 2). 
Optic nerve and tectum gave results similar to those previously 
obtained for whole brain and cerebellum*"®, that is, a progress- 
‘ive developmental increase (in chick, from embryonic day 10 
_ to postnatal day 3) in the amount of faster-migrating components 
on SDS-PAGE. In contrast, retinal N-CAM not only had a high 
‘mobility on SDS-PAGE at embryonic days 10-17, but already 
exhibited this sialic acid-poor form as early as day 4. Therefore, 
the developmental regulation of the sialic acid content of retinal 
N-CAM seems to be distinct from most other central nervous 
ssues. 
__ Retinoganglion cells contribute to the N-CAM detected in 
inal, optic nerve and tectal tissues. For the optic nerve, this 
ontribution is substantial, being diluted out only by non- 
uronal cells. In the retina, other neuronal cell types are also 
ncluded, but the similarity of the N-CAM obtained from the 
different layers of this tissue (Fig. 1) suggests that the sialic 
acid-poor form is expressed throughout. Therefore, during 
‘embryonic days 5-10, two retinal neurite populations can be 
distinguished: (1) the plexiform layers and the optic fibre layer 
within the retina which express sialic acid-poor N-CAM and 
(2) the axons projecting out of the retina which express sialic 
acid-rich CAM. This conclusion implies that different forms of 
N-CAM exist on different regions of the same retinoganglion 
That is, the perikaryon and intra-retinal axon have N-CAM 
with relatively less sialic acid than the part of the axon lying 
beyond the optic stalk. 
The possibility of N-CAM heterogeneity on the same cell has 
n explored further by analysis of the neurites which emerge 
from retinal tissue slices in culture'®. These processes, which 
“have been identified as ganglion cell axons, can be dissected 
“away from the explant and are net contaminated with myelin 
or glial cells. Figure 3 shows two-dimensional gels of N-CAM 
from the axons and from explants containing perikarya. In 
_ accord with our studies on optic nerve, the axons had N-CAM 
_ with the lower mobility and more acidic isoelectric point charac- 
tel stic? of the sialic acid-rich form, while the explant yielded 
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Fig. 1 Electrophoretic comparison of N-CAM from different 
parts of the chick visual system at embryonic day 10. Retinal layers 
(insert: a-d) weré obtained by sectioning of frozen, flat-mounted 
10-mm? pieces of neural retina from the indicated region about 
midway between the centre and margin of the retina. In this region, 
the optic fibre layer (OFL), ganglion cell layer (GCL), inner 
plexiform layer (IPL) and inner nuclear layer (INL) were approxi- 
mately 30, 60, 30 and 120 um thick, respectively. Successive 15-m 
sections were cut and examined for uniformity of thickness to 
insure against buckling of the tissue. The fractions a-d represented 
sections 1-2, 3-6, 7-8 and 9-14, Contamination of one layer by 
its neighbour would be less than 30% and did not extend beyond 
adjacent layers. Thus, fraction a is derived from ganglion cell 
axons (and possibly some ganglion cell soma) from within the 
eyecup and is not significantly contaminated either by other 
neurones of the retina or by regions of ganglion cell axons lying 
beyond the optic fissure. The chiasma (e in the schematic drawing 
of the visual system) was dissected with stumps of the optic nerve 
lying just beyond the optic stalk, and with the proximal tract; the 
distal optic tract (f) was peeled off from the tectal surface (g). 
These samples were solubilized in SDS sample buffer without 
boiling and ~500 ng total protein per lane was fractionated by 
SDS-PAGE on microgels'*. The fractionated proteins were trans- 
ferred to nitrocellulose sheets”, reacted with affinity-purified rabbit 
anti-(N-CAM) followed by horseradish peroxidase-conjugated 
goat anti-rabbit IgG, and finally stained by treatment with 4-chloro- 
|-naphthol'. All retinal layers including the fibre layers (a and 
c) contained N-CAM with the high mobility characteristic of the 
sialic acid-poor molecule. In contrast, at this developmental stage, 
all other parts of the visual system (e-g) primarily contained 
N-CAM with a high content of sialic acid. The presence of sialic 
acid-rich N-CAM in a-d would have been easily detected at even 
1/20th of levels shown in e-g. Boiling of the tectum sample for 
30 min to release sialic acid (h) yielded the higher mobility form 
of the molecule. Forebrain N-CAM (i) was found to be similar to 
optic nerve and tectal N-CAM. Other abbreviations: OPL, outer 
plexiform layer; ONL, outer nuclear layer. Molecular weight , 
standards are given on the right of the gels ( x 10™). 
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Fig.2 Modification of N-CAM form during development of the 
visual system. SDS-PAGE of N-CAM from retina on embryonic 
day 5 (a) and day 10 (b); from optic chiasma on embryonic day 
10 (c), day 18 (d), and on day 3 after hatching (e); and from 
tectum on embryonic day 10 (f), day 18 (g) and day 3 after 
hatching (h). Lane i is a silver-stained gel of total tectal protein. 
Note that in each tissue there is a gradual change from slow- to 
fast-migrating forms of N-CAM during development, but in retina 
the sialic acid-poor forms appear much earlier and are already 
present at day 5. Molecular weight standards are given on the right 
(x107). 


Fig. 3 Two-dimensional separa- 

tion of N-CAM from cultured a 
explant axons derived from e 
retinoganglion cells*” (a) and from 
explant tissue containing perikarya 
(b). Two-dimensional separation 
of samples on polyacrylamide 
microgels by isoelectric focusing 
(PAGIF) and electrophoresis in 
SDS (SDS-PAGE) was performed 
as described previously'®. The 
acidic end of the pH gradient on 
the gels is on the left, high- 
molecular weight proteins are at 
the top of each gel. The pure frac- 
tion of cultured retinoganglion cell 
axons obtained by dissection con- 
tains only acidic N-CAM with a 
low mobility, while the perikarya- 
rich explant contains primarily 
faster-migrating forms of N-CAM 
with a more neutral isoelectric 
point. Cross-contamination of the 
two fractions would have been 
detected at 5% of the amounts 

shown here. 
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molecules with the higher mobility and more neutral isoelectric 
point of N-CAM isolated from retinal tissue. 

The primary mechanisms by which N-CAM might appear in 
different forms on distinct regions of the same cell are the 
synthesis of different molecules followed by their insertion onto 
the appropriate membrane site, and modification of N-CAM 
after its integration into the membrane. At this point it is im- 
possible to choose between these two possibilities. The latter 
might seem more attractive in that in the embryo the ‘jump’ in 
sialic acid content occurs at or just beyond a natural anatomical 
boundary composed of the eyecup and optic stalk. Therefore, 
the presence of an extracellular neuraminidase-like activity 
within the eye could provide a simple explanation for our in 
vivo results. However, the different forms of N-CAM were also 
observed with cultured retinal explants, and this result would 
require that the putative sialidase be produced by the explant 
and act only locally. 

The present studies thus indicate that all parts of the visual 
system express the same N-CAM polypeptide but that inside 
the retina the N-CAM contains a carbohydrate moiety with 
considerably less sialic acid than that of the N-CAM outside 
the retina. This change does not seem to be graded along the 
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Mista pathway, but instead occurs in a single step at or near 


the optic stalk. Assuming that these differences in sialic acid- 
content are associated with a change in N-CAM binding 
affinity *#, it is interesting to speculate that the stronger binding — 
of retinal N-CAM reflects the need for stable fasciculation — 
during formation of the optic nerve. This hypothesis i is supported _ y 
by the recent demonstration that a reduction in adhesion by — 
injection of anti-(N-CAM) Fab into the eyecup of 4-day-old 
chick embryos disrupts normal fibre order at the optic fissure’. _ 
Once the optic nerve leaves the eye, it interdigitates with the 


contralateral nerve and spreads out over the tectal surface. These _ 
events involve some remodelling of fascicles and possibly axon- 
tectal contacts, which might require the expression ofan N-CAM — 


with a lower binding affinity. At later stages of development, 
when most retinal fibres have reached their target tissue, the 
N-CAM in optic nerve and tectum also loses part of its sialic 


acid. This shift might indicate that once the visual projection is — 


established, plasticity is no longer desirable and therefore the - 
higher-affinity N-CAM is expressed. 

This work was supported in part by USPHS grant HD-18369. 
We thank S. Deiss for technical assistance and I. Baxivanelis 


and M. E. Bleakley for typing the manuscript. 1 


Received 20 December 1983; accepted 8 May 1984, x 


l. Rutishauser, U. Cold Spring Harb. Symp. quant. Biol. 48, 501-514 (1983). 
2 Edelman, G. M., Hoffman, S. & Cunningham, B. A. Cold Spring Harb. Symp. quant. Bi a 
48, 515-526 (1983). 

. Hoffman, S. et al. J. biol. Chem, 257, 7720-7729 (1982). 

4. Rothbard, J. B., Brackenbury, R., Cunningham, B. A. & Edelman, G. M. J. biol. Chem. 257, 
11064-11069 (1982). 

§. Rutishauser, U., Hoffman, S. & Edelman, G. M. Proc. nain. Acad. Sci U.S.A. 19, ess-as3 i 
(1982). 

6. Cunningham, B. A., Hoffman, S., Rutishauser, U., Hemperly, J. J. & Edelman, G. M. fod 
natn. Acad, Sci U.S.A. 80, 3116-3120 (1983), 

. Hoffman, S. & Edelman, G. M. Proc. natn. Acad. Sci. U.S.A. 80, 5762-5766 (1983). 


w 


7. 
8. Sadoul, R., Hirn, M., Deagostini-Bazin, H., Rougon, G. & Goridis, C. Nanne it Oran 


(1983). 
9. Rutishauser, U., Gall, W. E. & Edelman, G. M. J. Cell Biol. 79, 382-393 (1978). 


10. Rutishauser, U., Thiery, J.-P., Brackenbury, R. & Edelman, G. M. J. Cell Biol, 79, 371-381 K 


(1978). 
11. Buskirk, D. R., Thiery, J.-P., Rutishauser, U. & Edelman, G. M. Nature 285, 488-489 (1980). 
12. Thanos, S., Bonhoeffer, F. & Rutishauser, U. Proc. natn. Acad. Sci. U.S.A. 81, 1906-1910 — 
(1984). : 
13. Grumet, M., Rutishauser, U. & Edelman, G. M. Nature 295, 693-695 (1982). rid 
14. Rutishauser, U., Grumet, M. & Edelman, G. M. J. Cell Biol. 97, 145-152 (1983). AL: 
15. Neukirchen, R. O., Schlosshauer, B., Baars, S., Jackle, H. & Schwarz, U. J. biol, Chem. 257, A 
15229-15234 (1982). 
16. Rager, G. H. Development of Retinotectal Projection in the Chicken (Springer, Berlin, 1980). 
17. Towbin, H., Stachlin, T. & Gordon, J. Proc. natn. Acad. Sci. U.S.A. 76, 4350-4354 (1979). 
18. Edelman, G. M. & Choung, C.-M. Proc. natn. Acad. Sci. U.S.A. 79, 7036-7040 (1982). 
19. Halfter, W., Claviez, M. & Schwarz, U. Nature 292, 67-70 (1981). 
20. Halfter, W., Newgreen, D. F., Sauter, J. & Schwarz, U. Devl Biol, 95, 56-64 (1983). 
21. Hawkes, R., Niday, E. & Gordon, J. Analyt. Biochem. 119, 142-147 (1982), di 


Different forms of p53 detected 
by monoclonal antibodies 
in non-dividing and dividing lymphocytes 


Jo Milner 


Division of Virology, Department of Pathology, E 


University of Cambridge, Cambridge CB2 1QP, UK 





The commitment of non-dividing cells (in Go) to enter division can 4 
be studied using primary cultures of lymphocytes. The cells are — 


stable in Go unless stimulated by mitogen such as concanavalin — 
A (Con A). Commitment to enter the division cycle depends on — 
the expression of gene(s) induced by Con A™? and the synthesis i 


of p53 protein correlates with this commitment step’. I show here © 


that in unstimulated cells, a second form of p53 is synthesized — 
and is restricted to Go. 

The possibility that p53 may function in normal cell divisioni 
is indicated by the fact that its synthesis in lymph ocytes can be 
detected after, but not before, mitogenic stimulation™ + In these 


earlier experiments *°S-labelled p53 was precipitated using anti- — 


p53 antiserum (from mice bearing simian virus 40 (SV40)- 
induced tumours) or an anti-p53 monoclonal antibody — 
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Fig. 1 p53 synthesis in unstimulated lymphocytes (in Go). Splenic 
lymphocytes from BALB/c mice were maintained in culture (5 x 
10° cells per ml RPMI medium) without serum for 20h. The 
= medium was then replaced with methionine-free RPMI plus S- 
= methionine (1,000 Ci mmol™'; 0.25 mCi m!"') and the cells were 

labelled for 10min (no further label was incorporated into 
immunoprecipitable p53 with longer labelling, consistent with a 
short half life for p53), Immediately after labelling the cells were 
lysed* and equal aliquots of lysate ( containing equal trichloroacetic 
acid-precipitable **S counts) were immunoprecipitated with differ- 
ent monoclonal antibodies to p53 as follows: track 1, PAb248; 2, 
PAb242; 3, PAb421; 4, PAb122; 5, 200.47; 6, RA3.2C2. All the 
monoclonal antibodies precipitated p53 from SVA31E7 cells. p53 
from spontaneously transformed 3T3 cells (kindly donated by 
David Lane) was used as marker (track M); the cells were labelled 
with *°S-methionine and lysate immunoprecipitated with RA3.2C2 
(track M; the same result was observed with PAb421) or with 
normal mouse serum (track M+NMS). p53 was visualized by 
autoradiography (fluorography) after electrophoresis on a 15% 
polyacrylamide gel and the gel was exposed to X-ray film for 28 

days at —70°C. 
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(PAb421). Unstimulated and stimulated cells were compared 
on the basis of equivalent cell numbers and equivalent **S- 
_ labelled protein content: no p53 was detected in the unstimulated 
cells. The first detectable synthesis of p53 was found to coincide 
with mitogenic commitment and its induction to be, directly or 
_ indirectly, under transcriptional control’. 
__ In the present study p53 synthesis was examined using the 
following panel of monoclonal antibodies to p53: PAb421 (ref. 
5), PAb122 (ref. 6), PAb242 (ref. 7), RA3.2C2 (ref. 8), PAb248 
(ref. 7) and 200.47 (ref. 9). As expected from earlier results, 
_ PAb421, PAb122, PAb242 and 200.47 failed to detect p53 in 
lysate of unstimulated cells. However, both PAb248 and 
_ RA3.2C2 precipitated p53 from aliquots of the same lysate of 
unstimulated cells (Fig. 1). This result was unexpected and led 
to a detailed re-examination of p53 synthesis in stimulated cells. 
_PAb421 precipitated p53 from the stimulated cells, confirming 
Previous observations’; of the other monoclonals only PAb122 
detected p53 from the stimulated cells (Fig. 2). Each monoclonal 
used is known to precipitate p53 from SV40-transformed 
 SVA31E7 cells (results not shown), so failure to bind p53 is not 
due to loss of antibody-binding capacity. Thus PAb248 and 
_ RA3.2C2 specifically detect p53 in unstimulated, but not stimu- 
d, lymphocytes; conversely, PAb421 and PAbI22 (and 
mouse anti-p53 antiserum*) detect p53 only after mitogenic 
Stimulation. This discrimination appears to be real, rather than 
artefact due to cross-reactivity, because each anti-p53 mono- 
clonal binds a 53,000-molecular weight protein from either 
= unstimulated or stimulated cells, but not from both, as would 
_ be expected for a cross-reacting protein. 
Having found two immunologically distinct forms of p53, 
__ hereafter termed p53,4s, recognized by PAb248 and RA3.2C2, 
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Fig.2 p53 synthesis in lymphocytes after mitogenic stimulation. 
Cells were cultured in the presence of Con A (1 ug ml™') for 24h, 
otherwise as described in Fig. | legend. After 10 min labelling with 
*“S-methionine the cells were lysed and equal aliquots 
immunoprecipitated as follows: track 1, with normal mouse serum: 
2, RA3.2C2; 3, PAb248; 4, PAb421; 5, PAb122; 6, PAb242; 7, 
200.47, p53 from spontaneously transformed 3T3 cells was used 
as marker (track not shown). Track 8 is from a mixture of p53245 
and p53,2, (from different gels). Tracks 1-7 were exposed to X-ray 
film for 28 days; track 8 for 20 days. 


and p53421, recognized by PAb421 and PAb122, the synthesis 
of p5324, and of p534.; was monitored following mitogenic 
stimulation. After 2 h stimulation p5324. was scarcely detectable 
and from 4h to 48 h p53,2, was the only form detectable (Table 
1). No overlap in the synthesis of the two forms of p53 was 
observed. The timing of changeover from P5324 to p5342, shows 
a striking correlation with the time required for lymphocytes to 
generate intracellular signal(s) necessary for mitogenic com- 
mitment'”, 

There are three possible explanations for these results. First, 
the change in form of p53 may represent a simple conformational 
change in response to the complex ionic and metabolic events 
known to occur following mitogenic stimulation of lymphocytes 
(see, for example, ref. 10). Second, the two forms of p53 may 
result from post-translational modification(s), with or without 
coincident conformational effect. Both these possibilities imply 
the existence of a single p53 protein, the form of which depends 
on the dividing state of the cell. A third possibility is that p53>4, 
and p53,,, represent two distinct proteins inseparable by poly- 
acrylamide electrophoresis (see Fig. 2, track 8); this possibility 
could not be further investigated by partial peptide mapping 
because of the very low amounts of p53 obtained in this sytem. 
Whichever explanation proves correct, the important points of 
the present observations are: (1) two immunologically distinct 
forms of p53 exist in lymphocytes; (2) the synthesis of each 
form is restricted to non-dividing cells (for p5334.) or to dividing 
cells (for p5342,); and (3) p5324s is replaced by p5342, as cells 
become committed to enter division. 

Our findings that the epitopes recognized by RA3.2C2 and 
PAb421 are not expressed simultaneously on p53 in lymphocytes 
explains our inability to detect lymphocyte p53 in a non- 
competitive immunoassay using RA3.2C2 and PAb421 (col- 
laborative unpublished studies with Lionel Crawford and with 
David Lane). As this same assay detects p53 from $V40-trans- 
formed SVA31E7 cells'', the implication is that p53 in SV40- 
transformed cells may differ from lymphocyte p53 in having 
both epitopes expressed simultaneously. Alternatively, the SV40 
large-T antigen, which binds to and stabilizes p53 (refs 12, 13), 
may bind both forms of p53 and this would account for the 
development of antibodies against each form when SV40-trans- 
formed cells are used to immunize mice*’. Syngeneic immuniz- 
ation*® appears to elicit antibodies against p53,2, (that is, 
PAb421, PAb122 and anti-p53 antiserum) but not against p5324s, 
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Table 1 Synthesis of p5324s and p53,4>; in lymphocytes, before and at 


different times after stimulation with Con A e 





Time after Con A p53 synthesis detected 


stimulation using DNA 
(h) PAb248 PAb421 synthesis 

0 +++ 0 2,040 

2 + 0 1,960 

4 0 + 1,840 

6 0 ++ 1,780 

8 0 ++ 1,890 

20 0 +++ 20,400 

42 0 + 85,500 


a 

Cells were labelled for 10 min, as described in Fig. 1 legend, and 
equal aliquots of **S-methionine-labelled cell lysates were immuno- 
precipitated separately with the monoclonal antibodies PAb248 and 
PAb421. °°S-methionine-labelled p53 was visualized by electrophoresis 
and fluorography (see Fig. 1 legend) and the relative intensities of the 
p53 bands were assessed by scanning the autoradiographs on a Beckman 
DU-8 spectrophotometer, using actin as an internal reference band in 
each track. As the overall background level varied at different times 
after stimulation, the intensity of p53 is expressed relative to that of 
actin, on the basis of peak heights, as follows: 0, p53 undetectable; +, 
0.5; ++, 0.5-1.0; +++, 1.2-3.4. DNA synthesis is c.p.m. of °H- 
thymidine (5 Cimmol™'; 20 pCi m!~') incorporated into DNA? per 
§ 10° cells, x, n=5. 


which is detected by PAb248 and RA3.2C2, products of 
allogeneic’ and xenogeneic? immunizations respectively—this 
raises the possibility that p53,2, is the autoantigenic form of 
p53. Cross-blocking studies have shown that PAb248 and 
RA3.2C2 completely block each other's binding to p53 from 
SVA31E7 cells, as do PAb421 and PAb122, whereas there is no 
blocking between PAb248 and RA3.2C2 with PAb421 and 
PAb122 (refs 7, 11). Thus, the two pairs of monoclonals, PAb248 
plus RA3.2C2, and PAb421 plus PAb122, fall into the same 
pairing on the basis of (1) binding to p53 from unstimulated or 
stimulated lymphocytes, (2) their initial derivation via syngeneic 
or non-syngeneic immunization, and (3) their blocking charac- 
teristics on p53 from SVA31E7 cells. The lack of binding of 
200.47 and PAb242 to lymphocyte p53 is puzzling. Monoclonal 
200.47 was developed after immunizing a (CS7BL/6 x BALB/c) 
F, mouse with BALB/c methylcholanthrene-induced sarcoma 
(CMS4) cells’ and PAb242 was developed following syngeneic 
immunization of a BALB/c mouse with SV40-transformed cells’: 
if p5324s and p53,2; form a complex in transformed cells it is 
possible that 200.47 and PAb242 only bind the complexed form, 
P53243+24)- Certainly the epitopes for 200.47 and PAb242 map 
independently and separately from PAb248 plus RA3.2C2 and 
PAb421 plus PAb122 (refs 7, 11). 

The detection of two immunologically distinct forms of p53 
raises the possibility that p5324, and p53,42, represent different 
functional forms of the protein. The switch in synthesis from 
P5324 to p53,2, at the time of mitogenic commitment suggests 
a tight link with the control of division in normal cells. 

This work was supported by a CRC project grant. I thank Ed 
Harlow and Lionel Crawford for kindly donating samples of 
PAb421, 200.47, RA3.2C2 and PAb122; David Lane for PAb248 
and PAb242; and Su Metcalfe for constructive criticism. 
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E. 
The activation, clonal expansion and terminal differentiation of — 
small resting B lymphocytes primed by an antigen (or antibodies to j 
its receptors) appear to follow an orderly developmental sequence 
triggered at each stage by distinct soluble cytokines, primarily 
produced by T lymphocytes'?. For man, the only known B-cell — 
mitogen independent of accessory cells for its action is the Epstein- 
Barr virus (EBV). Lymphocytes transformed by EBV are released 
from the usual constraints on B-cell growth, proliferating con- 
tinuously in the absence of any exogenous cytokine’. The resultant 
cell lines are of special interest as they possess certain features — 
compatible with a preneoplastic state of Burkitt’s lymphoma, 0 ne 
of two human cancers with which the virus is intimately associated’. 
We report here that following EBV-transformation, B lympho- 
blasts release a soluble factor which mimics the B-cell stimulatory 
product(s) of mitogen-conditioned T lymphocytes. Furthermore, è 
the virally-transformed cells utilize this activity to sustain their — 
own growth. The ectopic production of an otherwise normal growth 
factor may represent a critical event in the malignant evolution 
of human lymphomas harbouring the EBV genome. ce 
B-cell stimulatory activity was assayed by the ability of condi- _ 
tioned media to synergize with anti-immunoglobulin (Ig) to — 
induce DNA synthesis in tonsillar B lymphocytes. Initial experi- 
ments (not detailed) using medium conditioned by EBV- i 
transformed lymphoblastoid cells in their log phase of growth 
(LCL-CM) gave variable low or negative responses using a — 
F(ab’), rabbit preparation with broad immunoglobulin reactivity _ 
(IgG heavy and light chains; Miles) as the synergistic antibody. — 
As immunoglobulins released into culture by the lymphoblastoid f 
13 
Table 1 B-cell stimulating activity in medium conditioned by i 
B-lymphoblastoid cells 








c.p.m. *H-thymidine incorporated into B cells* a 





High density Low 
Conditioned Isotype density f 
medium specificity Control anti-u$ anti-y control y 
Control = 220 4,801 2,013 1,494 
T cell — 354 10,432 6,044 5,323 
LCL IgM 362 670 4,760 4,846 f 
LCL. IgG 249 8,745 252 5,724 eg 


E) 


Saa 


Cells were cultured at 10° per well in sterile flat-bottom (growth area 0.32 cm? 
per well) microtitre plates of ELISA grade (Dynatech) in a final volume of 150 yl 
for 72h then labelled with 0.5 wCi *H-thymidine for the final 16h. Standard = 
deviations of quadruplicate determination were routinely <10%. B cells were 
isolated from tonsils by negative selection”. E-rosette positive cells were removed 
on Ficoll gradients. The non-rosetting population was routinely >97% surface 
Ig* by immunofluorescence and contained <1% E-rosette positive cells. The high 
density population represents B cells banding on a discontinuous Percoll (Phar- 
macia) gradient at layers >60%. Low density B cells were collected from layers 
<50% Percoll. Microwells were coated with | ug IgG from rabbit antisera specific — 
for human p or y chains (Dako) by overnight incubation at 37 °C in 100 pl sodium _ 
carbonate buffer (pH 9.6) and washed free of unbound protein before use — 
(P. Aman, J.G. and G. Klein, manuscript in preparation). T-cell supernatants were — 
collected from 24h cultures of tonsillar E-rosette positive cells previously pulsed 
for 48h with 1% pokeweed mitogen (Gibco). All conditioned media were added 
to 33% at initiation of culture. The establishment, cloning and maintenance of 
EBV-transformed lymphoblastoid cell lines (LCL) have been described else- — 
where2”. Conditioned medium was collected from cells which had been takenin 
their log phase of growth and reseeded at a concentratign of 310° per ml for 
18h in fresh medium (RPMI 1640 supplemented with 10% fetal calf serum, 
200mM_ L-glutamine, 50 pg ml! penicillin/streptomycin and 5x 10°M 
2-mercaptoethanol). All conditioned media were passed through a 0.45-um filter 
and stored at 4°C before use on the same day. : 








í Table 2 B-cell stimulating activity rom different lymphoid ‘cell lines“ : 





c.p.m. *H-thymidine incorporation in the presence of conditioned medium from 










B-cell preparation Control LCL LCL yy, LCLig LCLpio Raji Molt-4f 
Tonsil 1 Control 237 27 305 284 406 230 295 
: anti-y 437 7,342 6,147 5,936 7,002 6,943 937 
Tonsil? Control 520 684 495 406 537 394 466 
anti-u 1,034 12,360 10,436 9,825 7,894 9,062 2,146 
Tonsil 3 Control 438 576 322 ND ND $73 $62 
be anti-u 751 4,201 3,569 ND ND 3,321 1,042 


Tonsillar B-cells of high density were cultured as described for Fig. 1. F(ab’), anti-~ used throughout at 50 pg ml. LCLyum was studied shortly 
ter establishment (1-3 months) and remained polyclonal over this period. LCLy, is a long-term established cloned line of IgM A specificity. 
CLos and LCLp;o are medium term (~6 months) cloned lines of IgG x specificity. Raji is an EBV-genome positive Burkitt's lymphoma line. 
olt-4f was derived from a patient with T-cell leukaemia and retains T-cell properties. ND, not done. 






















lls may have been interfering with the assay (either by simple 
mpetition for the anti-immunoglobulin binding sites or 
through the formation of immune complexes in situ), we there- 
fore used: whole isotype-specific synergistic antibodies and 
looked for stimulating activity in supernatants from cloned lines 
known immunoglobulin class. As shown in Table 1, B-cell 
stimulating activity could be readily demonstrated in LCL-CM 
the absence of isotype interference. The magnitude of the 
invoked DNA synthesis was of the same order as that achieved 
with supernatants from mitogen-conditioned T cells. Tonsillar 
B lymphocytes of high density were unresponsive to all condi- 
tioned media unless anti-immunoglobulin was present. By con- 
ast, cells of low density, already displaying appreciable DNA 
nthesis, were further activated with LCL-CM or conditioned 
cell supernatants in the absence of anti-immunoglobulin. 
These effects are similar to those described for physiological 
B-cell growth factor (BCGF) in human and murine systems”. 
_ To demonstrate reliably B-cell stimulating activity in condi- 
Joned medium from lymphoblastoid cells of any, or unknown, 
isotype we developed a delayed anti-immunoglobulin assay 
using a F(ab‘), preparation of goat IgG specific for human H 





c p-m. *H-thymidine incorpation (x 10°34 
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Fig..1. Influence of LCL-CM and conditioned T-cell supernatants 

a delayed co-stimulator assay, M, Control medium: ©, LCL. 
CMum: O, T-cell supernatants. High density tonsillar B cells were 
cultured at 10° for 18h in microwells containing indicated con- 
centrations of goat F(ab‘), antibody specific for human p chains 
(Cappel) in a final volume of 100 ul. On the addition of 50 pl 
conditioned meditim, cells were returned to 37°C for a further 
56h. Cells were pulsed with 0.5 Ci *H-thymidine for the final 
16 h and the results are shown as means and standard deviations 
of quadruplicate determinations. 


chains (Cappel) as co-stimulator antibody. This reagent was 
less directly mitogenic than the immobilized whole antibodies. 
In these experiments, the addition of conditioned media was 
delayed for 18h following incubation of high density B cells 
with anti-immunoglobulin to avoid potential interference from 
supernatant immunoglobulins. Using this approach we demon- 
strated B-cell stimulating activity in LCL-CM over a range of 
anti-u concentrations (Fig. 1). Again, the magnitude and distri- 
bution of the response of antibody-primed cells to LCL-CM 
followed closely that obtained when using T-cell supernatants 
as the source of stimulatory lymphokines. While individual 
tonsils responded variably, all B-cell preparations studied in the 
co-stimulator assay showed an enhanced DNA synthesis to 
LCL-CM over anti- alone (Table 2). Furthermore, all EBV- 
transformed lymphoblastoid lines tested released the stimulating 
activity (Table 2 and further data not shown). Raji, the one 
Burkitt’s lymphoma line studied so far, also produced this 
activity. Conditioned medium collected from Molt-4f, a T-cell 
derived line included as a control in these studies, was slightly 
stimulatory for anti- primed tonsillar B lymphocytes although 
the magnitude of the response never approached the level 
achieved with supernatants from B-cell lines (Table 2). 

We, and others, have recently identified an autocrine loop 
which sustains the proliferation of EBV-transformed cells in 
culture®*. Its maintenance is dependent on transferrin and an 
autogenous soluble activity supplied by cells at high density’. 
We considered therefore whether the perpetual growth of virally- 
transformed B lymphoblasts was a consequence of their utilizing 
their own BCGF and we have found that BCGF-containing 
T-cell supernatants could indeed replace the requirement for 
high cell density in LCL growth (experiments not detailed). 
More direct evidence was obtained during our attempts to isolate 
these activities from LCL conditioned medium by gel filtration 
chromatography. As shown in Fig. 2, both the activity which 
permitted S-phase entry of anti-u primed tonsillar B cells 
(BCGF) and that which supported the growth of B lymphoblasts 
below their critical density (autostimulatory) eluted from a 
G-100 column as a single, relatively broad peak with an apparent 
molecular weight of 25,000-30,000. It is highly likely, then, that 
the two B-cell stimulating activities found in LCL-~CM reside 
in the same molecular species. In addition, a similar elution 
profile on gel filtration has been reported for T-cell derived 
BCGF’. As conditioned media from this source contain conven- 
tional B-cell stimulating activity and also, as reported here, 
provide growth support for LCL, both activities from both cell 
types may be due to a common lymphocyte-derived growth 
factor normally produced only. by T cells. EBV-transformed 
lymphoblastoid cell lines may provide a useful monoclonal 
source of BCGF. 

We believe this to be the first report of a B-cell growth factor 
from cells of B-lymphocytic origin, but we concede that its 
induction may be a direct consequence of viral infection. Indeed, 
the constitutive production of an autostimulatory BCGF may 
be a crucial step in the events leading to the immortalization of 
these cells. An aberrant, or inappropriate, expression of proteins 
involved in cellular growth appears to be a regular feature of 
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Fig. 2 Isolation of stimulating activities by gel filtration of condi- 
‘tioned medium. Conditioned medium was collected from LCLam 
‘seeded at'2 x10% per ml and held at 37°C for 72h in serum-free 
‘conditions—Iscove’s modified Dulbecco’s medium supplemented 
with. bovine serum albumin (I mgmi7') and transferrin 
(25 wg mi~; Gibco), Crude activity was precipitated from 75 ml 
of filtered supernatant by 90% ammonium sulphate at 4°C in the 
presence of 0.1 mg ml7' of polyethylene glycol (PEG)soso The 
precipitate was recovered by high speed centrifugation, recon- 
stituted in 6ml  phosphate-buffered saline (PBS)/ PEG 
(0.1 mg mi~’) and dialysed against 400 ml PBS/PEG using Spec- 
tropor dialysis tubing (molecular weight cut-off 6,000). The sample 
was applied to a Sephadex G-100 column (90 cm x2 cm) calibrated 
with bovine serum albumin (66,000), ovalbumin (44,000) and 
lysozyme (14,000) and 7-m] fractions collected using PBS/ PEG as 
‘the eluting buffer at a flow rate of 22 mi per h. In initial experiments, 
‘fractions corresponding to a particular molecular weight range 
from 70,000 to 6,000 were pooled and concentrated by pressure 
dialysis through PM10 (60,000-20,000 molecular weight) and YM2 
membranes for fractions of molecular weight <20,000, The concen- 
trated fractions were finally dialysed against 50 volumes of RPMI 
1640 containing 0.1 mg mi”! PEG before being assayed for activity. 
Once it was established where the activities broadly resided, frac- 
tions within that area were collected and assayed directly without 
being pooled and concentrated (represented by elution volumes 
320-414 ml). BCGF activity was assayed as described for Table 2 
but with the fractions present at 33% from the start of culture. 
The autostimulatory activity was determined against LCLay cells 
plated in 150 yl of full medium at 10° per well (growth area 
0,32 cm?) in the presence or absence of collected fractions at 33% 
for 72h. The stimulation index represents the augmentation of 
3H-thymidine uptake due to the presence of the indicated fractions. 
For the experiment shown, the background uptake for the BCGF 
assay (anti-u primed tonsillar cells) was 730 c.p.m. and for the 
autostimulation assay, 474 c.p.m. 


immortalized cells and a likely prerequisite of, although not 
sufficient to account for, the cancerous state*'*, Further 
phenotypic alteration, providing some escape from normal host 
control, may be a vital additional element in the multi-stage 
evolution to full tumorigenicity'>'®. As Burkitt’s lymphoma of 
endemic regions is closely associated with both the EBV-genome 
and an apparently deregulated oncogene (c-myc)*'’~"’, the find- 
ing that virally-transformed normal lymphocytes release a BCGF 
which is also autostimulatory, reveals some valuable insights 
into these areas and provides a functional basis for the role of 
` EBY in the malignant evolution of this tumour. 
_.. We thank Dr G. Klein and the Department of Tumor Biology, 
Stockholm, for the supply of mycoplasma-free B95-8 virus 
supernatants, some of the cell lines used in this study and 
njinuing “encouragement. The Blood Group Reference 
atory, Oxford, is acknowledged for financial support. 
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guanine nucleotide binding activity and 
phosphorylation of ras oncogene protein 
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Several human tumour cell lines contain genes that can transform 
NIH 3T3 cells into ‘malignant. cells. Certain genes have been 
classified as members of the ras oncogene family, namely, Ha-ras, 
Ki-ras or N-ras'", The proteins encoded by the ras family are 
generally small (Ha-ras, for example, encodes a protein of 
molecular weight 21,000 named p21), and are associated with the 
inner surface of the plasma membrane. The only known bi 
chemical property commen to all forms of the ras proteins is the 
ability to bind guanine nucleotides, a property which may be closely 
related to the transforming ability of ras proteins**. A GTP- 
dependent, apparent autephosphorylation (on threonine 59) 
activity has been identified only in the case of the v-Ha-ras protein’. 
Although the role of these biochemical activities in the transforma- 
tion process remains unclear, we have initiated studies to determine 
the possible biochemical interactions of ras proteins with other 
membrane components. We report here the evidence that epiderma 
growth factor enhances the guanine nucleotide binding activity of 
activated c-Ha-ras or v-Ha-ras p21, and phosphorylation of 
v-Ha-ras p21, suggesting that some mitogenic growth factors may 
regulate those activities. 

Membranes were isolated from a non-producer line of ra 
kidney cells (Ha-NRK) transformed by Harvey murine sarcoma 
virus (Ha-MSV) and preincubated with or without epiderma 
growth factor (EGF) followed by the addition of *’P-labell 
Mg-GTP?~. Although no major changes in the total phospho 
proteins in the membranes can be easily seen (Fig. 1a) 
immunoprecipitation of v-Ha-ras p21 showed that the phos 
phorylation of this protein was stimulated three- to fivefold b 
the addition of EGF (Fig. 1b). The recovery of v-Ha-ras p21. 
over the course of the reaction period as seen by the levels of 
35S. Met-labelled v-Ha-ras p21 determined by immunoprecipita 
tion was the same in the presence or absence of EGF (Fig. Ic) 
Of importance in this reaction was the use of membranes isolate 
from serum-deprived HaNRK cells (24-48 h deprivation) which 
seemed to lower the basal (~ EGF) phosphorylation state of the 
v-Ha-ras protein. If membranes from cells growing in medium 
containing 10% calf serum were used, little or no stimulation 
of phosphorylation of v-Ha-ras protein was observed whereas. 
the basal level of phosphorylation was high. Thi8 probably reflects. 
the presence of EGF (and perhaps other growth factors) in the 
serum. The phosphorylation enhancement of v-Ha-ras p21 dueto: 
EGF was dependent on the EGF concentration (Fig. 2a)... 
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Fig. 1 Stimulation of phosphorylation of v-Ha-ras p21 in the 
presence of EGF. a, Total phosphoproteins detectable in the par- 
= ticulate fraction of HaNRK cells in the absence (lane 1) or presence 
(lane 2) of EGF analysed by a 10% SDS polyacrylamide gel. 
Molecular mass markers (lane 3) from top to bottom are: 200,000; 
94,000; 68,000; 40,000; 30,000; and 14,000. b, Immunoprecipitated 
phosphorylated y-Ha-ras proteins from membranes treated 
= without (lane 6) or with (lane 8) EGF. Lanes 5, 7, immunoprecipi- 
tations of the reaction mixtures without and with EGF, respectively, 
= using a non-immune antibody. Molecular mass markers on the 
12.5% SDS polyacrylamide gel are as indicated in a. c S- 

= methionine-labelled v-Ha-ras proteins immunoprecipitated from 
reaction mixtures treated without (lane 9) or with (lane 10) EGF. 

_ Methods: HaNRK cells were cultured in Dulbecco’s modified 
= Eagle’s medium (DMEM) supplemented with 10% calf serum. 
___ When the cells were confluent, they were rinsed twice in DMEM 
~ and maintained in DMEM (serum free) for 24-48 h. The cells were 
= collected and washed twice with phosphate-buffered saline (PBS), 
~ then homogenized (dounce homogenizer) in 10 volumes of buffer 
= A(10 mM Tris-HCI pH 7.4, 10 mM NaCl, 0.1 mM EDTA, 0.1 mM 
~ 2-mercaptoethanol, | mM phenylmethylsulphonyl fluoride) and 10 
= volumes deionized H,O. After pelleting the nuclei by low speed 
centrifugation, the supernatant was centrifuged at 100,000g for 
60 min at 4°C. The particulate fraction was solubilized in buffer 
A containing 1% Triton X-100. Aliquots of the solubilized mem- 
branes (2.510° cell equivalent) were incubated with EGF 
(500 ng ml™' in 1 mg ml! bovine serum albumin (BSA; BRL)) or 
BSA alone for 10 min at 4°C. The phosphorylation reaction was 
} initiated by the addition of 10 wCi of [y-°°P]GTP (2,500 Ci mmol™', 
__ NEN) and MgCl, to 5 mM. The reaction was carried out for 10 min 
at 30°C. The reaction mixtures were preadsorbed with rabbit 
j anti-rat IgG (2 ul) and protein A-Sepharose (40 pl of 50% sus- 
= pension). The v-Ha-ras protein was immunoprecipitated by the 
~ addition of a rat anti-p21 monoclonal antibody (no. 259) (4 wl). 
For control precipitations, a mouse monoclonal antibody against 

rat IgG (Fc) was used. (IgG isolated from a non-immunized rat 

~ also was used as a control and gave similar results.) After incuba- 
tion for 1.5h at 4°C, 41 of rabbit anti-rat IgG and 40 pl of a 
50% suspension of protein A-Sepharose were added (1 h). The 
immunoprecipitates were washed with RIPA (—SDS) buffer (PBS, 
1% sodium deoxycholate, 1% Triton X-100), boiled in Laemmli 
_ sample buffer and analysed by SDS-polyacrylamide gel elec- 
trophoresis (PAGE). Alternatively, HaNRK cells were labelled 
with *°S-methionine (80 pCi ml~', NEN) for 18h and the mem- 

__ branes were isolated as described above. After the membranes had 
been treated with EGF or BSA as above in the presence of 5 mM 
MgCl, and GTP (100 uM) for 10 min at 4°C, v-Ha-ras p21 was 
= immunoprecipitated by monoclonal antibdoy 259 as described 
_ above and analysed by SDS-PAGE followed by fluorography”. 















__ HaNRK cell membranes treated with or without EGF were 
incubated with [y-**P]JATP or [y-**P]GTP to examine the 
n icleotide substrate specificity of the phosphorylation reaction. 
While the stimulatory effect of EGF on phosphorylation of 
_v-Ha-ras p21 was detected in the presence of [y-?*P]GTP, no 
- phosphorylated v?Ha-ras p21 was detected when [y-**P]JATP 
_ was used as phosphoryl donor in the presence or absence of 
_ EGF (Fig. 2b). It seems that the EGF-induced enhancement of 
y-Ha-ras p21 phosphorylation is due either to a GTP-dependent 
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Fig. 2 Effect of EGF concentra- 
èe tion on the phosphorylation of 
v-Ha-ras p21 and comparison of 
phosphoryl donors. a, Immuno- 
precipitated phosphorylated v-Ha- 
ras p21 from membranes treated 
with various concentrations of 
EGF: lanes | to 6 show the results 
using 500, 200, 100, 50, 25, 0 ng 
ml~' of EGF, respectively. b, 
Immunoprecipitated phosphoryl- 
ated v-Ha-ras p21 from membranes 
treated without (lane 7) or with (lane 8) EGF in the presence of 
[y-*P]GTP. Lanes 9 and 10 are immunoprecipitations of the 
reaction mixtures treated without and with EGF, respectively, in 
the presence of [y-*?PJATP. 
Methods: HaNRK cell membranes were isolated and solubilized 
as described in Fig. | legend. After preincubation with varying 
concentrations of EGF (0-500 ng m~’), phosphorylation reactions 
were carried out in the presence of 10 Ci of [y-°P]GTP and 
5mM MgCl, (a). Alternatively, after preincubation with 
500 ng mi~! of EGF, phosphorylation reactions were performed 
in the presence of 10 pCi of [y-"*P]GTP or [ y-?PJATP (2,500 Ci 
mmol ', NEN) and 5 mM MgCl, for 10 min at 30°C (b). p21 was 
immunoprecipitated by anti-p21 antibody (no. 259) as described 
in Fig. | and analysed by SDS-PAGE. 


protein kinase activity(s) activated by EGF or to a phosphatase 
activity inhibited by EGF. Although the stoichiometry and the 
site(s) of the phosphorylation of the v-Ha-ras protein are 
unknown, the chemical nature of the reaction has been deter- 
mined. The immunoprecipitated phosphoproteins obtained 
from reactions done in the presence or absence of added EGF 
(as in Fig. 1) were treated with 1 M KOH for 2h at 55°C’, and 
found to be completely labile, thus indicating a lack of phos- 
photyrosine. In addition, partial acid hydrolysis of the protein 
followed by two-dimensional phosphoamino acid analysis indi- 
cated the presence of phosphothreonine and phosphoserine, but 
not of phosphotyrosine (data not shown). 

Other experiments were carried out to determine whether or 
not this effect occurs in vivo. In one such experiment, serum- 
deprived HaNRK cells (as described in Fig. 1) were incubated 
in vivo with *P-orthophosphate with or without 500 ng ml”! of 
EGF. Immunoprecipitation of y-Ha-ras p21 showed a stimula- 
tion (about twofold) of phosphorylation of the protein in 
response to EGF (Fig. 3), a result similar to in vitro experimental 
results. Again, this increase in protein phosphorylation may well 
reflect the activation of a kinase or inhibition of a phosphatase 
by EGF, as EGF does not seem to alter the specific activity or 
pool size of (at least) **P-ATP in cells®. 

One of the biochemical properties common to all ras proteins 
studied to date is guanine nucleotide binding activity*. This 
property can be detected either by immunoprecipitation assays 
or by direct measurements with purified proteins®. We examined 
the GDP binding activity of immunoprecipitated v-Ha-ras and 
the human activated c-Ha-ras protein, using isolated membrane 
fractions from HaNRK cells and Q4 cells, respectively, and the 
effect of EGF on this activity. Q4 is a rat cell line co-transfected 
with the adenovirus E1A gene and the human c-Ha-ras (T24) 
oncogene’. (Although the biochemical basis for the requirement 
for the adenovirus EIA gene (or one of several other genes) as 
well as the c-Ha-ras oncogene to transform primary rat cells is 
not understood”'®, it seems that expression of the EIA gene 
alone does not interfere with EGF binding or stimulates the 
production of transforming growth factors by (at least) KB 
cells'', which appears to be the only such cell line tested in 
these properties to date.) As shown in Fig. 4a, EGF doubles the 
*H-GDP binding activity of the ras proteins present in both the 
HaNRK and Q4 membrane fractions. The stimulation depended 
on the EGF concentration and was complete at ~150 ng ml~! 
(Fig. 4b). Attempts to determine if the guanine nucleotide bind- 
ing activity of the ras proteins in human and rodent cell lines 
was also stimulated by EGF were unsuccessful due to the 
extremely low binding activity present in normal cell mem- 
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Fig. 3 Effect of EGF on y-Ha-ras p21 phosphorylation in 
HaNRK cells. Lanes 1, 2,immunoprecipitates from cells not treated 
with EGF; lanes 3, 4, immunoprecipitates from EGF-treated cells. 
Anti-p21 antibody was used in lanes 2 and 4 while a control 
antibody was used in lanes | and 3. Total incorporation of °P 
into the cell lysates used in lanes 1-4 was (in c.p.m. precipitated 
by trichloroacetic acid): 7.0 x 10°, 5.2 x 10°, 4.2 x 10° and 4.7 x 10°, 
respectively. Molecular weight markers are the same as indicated 
in Fig. 1. 

Methods: After serum deprivation as described in Fig. 1, HaNRK 
cells (2.5 x 10°) were re-fed with DMEM (serum free) and labelled 
with **P-orthophosphate (1 mCi ml™') for 90 min with or without 
EGF (500 ng ml™'). The cells were lysed in RIPA (—SDS) buffer 
and the lysates were centrifuged at 100,000g for 60 min at 4°C. 
The supernatants were immunoprecipitated with 4 wl of anti-p2! 
monoclonal antibody (no. 259) or non-immune antibody as 
described in Fig. 1. The immunoprecipitates were analysed by 

SDS-PAGE. 


branes, which made such measurements unreliable. 

We have shown here that serum deprivation of v-Ha-ras- 
transformed cells (HaNRK) renders the ras protein in the mem- 
branes sensitive to EGF for the apparent ras autophosphoryla- 
tion reaction. In addition, serum deprivation of cells transformed 
by either the activated human c-Ha-ras or murine v-Ha-ras 
proteins (Q4 or HaNRK) produces in ras proteins a sensitivity 
to EGF for guanine nucleotide binding activity. These results 
seem to indicate some type of biochemical interaction (either 
direct or indirect) between the EGF receptor system and the ras 
proteins. With the as yet sketchy but intriguing putative func- 
tional'® and structural’? similarities between the ras proteins 
and the G-like regulatory proteins involved in certain receptor 
systems, it will be useful to determine if the effects of EGF on 
the biochemical properties of the ras proteins have functional 
consequences in the cell. Ras transformed cells are known to 
have a reduced number of available binding sites for EGF 
compared with their normal cell counterparts'*. We have confir- 
med this for the HaNRK and Q4 cell lines used in this study 
(unpublished results). The apparent loss of EGF binding activity 
has been postulated to occur as a result of occupancy of the 
receptors by the a-type transforming growth factor (TGF,), 
which is produced by the transformed cells’*. If this is so, it 
will be of interest to see whether TGF, like EGF, alters the 
biochemical activities of the ras proteins through its binding to 
EGF receptor. 

In an attempt to determine whether other growth hormones 
have similar effects on the biochemical activities associated with 
the ras proteins to those detected for EGF, we tested both insulin 
and: platelet-derived growth factor (PDGF). Interestingly, in 

once experiments, we found that insulin activates both 
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Fig. 4 Stimulation of *H-GDP binding activity of p21 by EGF. 
a, Immunoprecipitation of 7H-GDP bound to p21 from HaNRK E 
or Q4 cell membranes. The 100% value was 0.15 pmol (990 c.p.m.) 
for HaNRK and 0.068 pmol (449 c.p.m.) for Q4 cells. b, 
Immunoprecipitable `H-GDP bound to p21 from membranes 
treated with various concentrations of EGF, using anti-p21 anti- 
body (no. 259) (@) and non-immune antibody (a mouse mono- 
clonal antibody to rat IgG Fc) (O). Basal 7H-GDP binding activity 

of p21! was 0.116 pmol (764 c.p.m.) and the radioactivity precipi- 
tated by non-immune antibody was <0.01 pmol (69 c.p.m.) and 
did not change significantly with the addition of EGF. Similarly, 
IgG isolated from preimmune rat serum gave no significant *H- 
GDP binding activity. Data show the mean value of duplicate _ 
experiments. 

Methods: Membranes were isolated from serum-starved HaNRK 
or Q4 cells (~ 2.5 10° cells per data point) as described in Fig. 1 
and preincubated with EGF (500 ng ml~') or BSA alone. 3 pCi of 
*H-GDP (10 Ci mmol~', NEN), MgCl, to 5 mM final concentra- 
tions, and Triton X- 100 to 1% final concentration were added 
(10 min at 4°C). 7H-GDP bound to p21 was immunoprecipitated 
by anti-p21 antibody (no. 259) as described in Fig. | legend®, which 
includes 2.5h further incubation at 4°C. The precipitates were __ 
washed four times with buffer A containing 5mM MgCl, and i 
analysed by liquid scintillation counting. Alternatively, HaNRK 
cell membranes (2.5 x 10° cells per data point) prepared as above . 
were preincubated with various concentrations of EGF (0- 
150 ng m1). *H-GDP binding assay was carried out in the pres- 
ence of *H-GDP (3 pCi) and 5mM MgCl, as described above. 


















the phosphorylation state and guanine nucleotide binding © 
property of v-Ha-ras p21 associated with HaNRK cell mem- 
branes, whereas PDGF has no effect (unpublished results). 
Studies to characterize the apparent insulin effect further are 
under way. 
It seems that growth factors alter the state of tyrosine oe 
phorylation of at least two other membrane-associated oncogene — 
or proto-oncogene proteins (EGF stimulated polyoma middle — 
T antigen phosphorylation'*, and PDGF apparently stimulates _ 
pp60*** phosphorylation; R. Ralston, personal communica- — 
tion). Considering the recent findings that the avian erythro- 
blastosis virus oncogene protein (erb-B) may be a truncated 
version of the EGF receptor’ 5 and that the simian sarcoma virus 
oncogene protein (v-sis) is related to PDGF'®, it may be of 
interest to investigate interactions among various growth fac- — 
tors/receptor systems and the membrane-associated oncogene — 
or proto-oncogene proteins. 
We thank J. D. Watson for his support of this work; Dr Mike © 
Wigler for his gift of cell lines and helpful discussions; Dr Bill 
Welch for helpful discussions; Drs Mark Furth and Ed Scolnick 
for their gift of monoclonal antibodies to p21; and Dr Earl 
Ruley for his gift of rat transformed cell lines. This work was 
supported by NIH grant GM2877 and NCI Cancer Center grant — 
CA13106. ` 
Note added in proof: Finkel and Cooper have reported the _ 
co-immunoprecipitation of the ras proteins and the transferrin _ 
receptor in human transformed cell lines”. j 
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The layer of cytoplasm underlying the plasmalemma of Xenopus 
eggs has contractile activity which is of vital importance in fertili- 
zation and early development, being involved in such processes as 
sperm engulfment, cortical granule exocytosis, development of the 
axes of embryonic symmetry and cleavage’. In amphibian eggs 
this layer is also involved in wound healing and changes of cellular 
shape at gastrulation**. Two kinds of contractile structures can 
be distinguished near the surface of Xenopus eggs’*. To character- 
ize the mechanism and regulation of this contractile activity, we 


have experimentally induced cortical contractions in bisected living 


Xenopus eggs. We have shown previously that cortical contractions 
are induced by calcium ions in the bisected egg’. Here we show 
that extraction of soluble cytoplasmic components prevents the 
calcium-induced contractions, but that addition of exogenous 


_ soluble myosin restores them. In oocytes, both soluble and 


insoluble components of the cortical cytoplasm are unable to 
support contraction. Thus, during meiotic maturation of oocytes 
into eggs, both of the components of the cortical cytoplasm must 


_ change so as to become competent for contraction. 


When Xenopus eggs with the vitelline membrane removed are 
bisected in a contraction buffer containing micromolar calcium, 
surface contractions are generated in 1—4 min which cause a 
decrease in surface area in both animal and vegetal hemispheres 
(Fig. 1). When half-cells are extracted for 20 min in buffer 
containing EGTA and ATP but no calcium, neither induced nor 





* To whom correspondence should be addressed. 


Fig. 1 Cortical contractions, in- 
duced in Xenopus half-cells. a, 
Animal hemisphere before contrac- 
tion. b, The same hemisphere after 
contraction. x25. Unfertilized eggs 
were dejellied in 35mM _ mercap- 
toethanol, pH 8.9. The vitelline mem- 
branes were removed and eggs cut in 
half with fine forceps in a contraction 
buffer (25mM Jris-HCl, pH 7.4, 
80mM NaCl, 2mM MgCl, 3mM 
CaCl,, 2mM EGTA, 0.05 mM ATP, 
0.1 mM PMSF, 0.02% NaN,). 
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normal contractions occur and the subsequent addition of cal- 

*cium causes little or no contraction (Table 1a). If, however, the 
half-cells are extracted for 20 min in buffer containing the soluble 
components of egg homogenates and ATP (see Table 1), sub- 
sequent addition of calcium induces contraction (Table la). 
Soluble components from the cytoplasm are thus necessary for 
the contraction. 

Nucleotide requirements were explored by transdialysing 
small molecular weight metabolites out of the soluble fraction 
of egg homogenates; the dialysed extract could not then support 
contraction. When ATP or GTP was added to the dialysed 
extract, contraction again resulted; ADP did not support the 
contractions (Table 1b). 

The half-cell contraction system was used as an assay for the 
isolation and characterization of the non-dialysable components 
of egg homogenates that are required for contraction. Using a 
combination of anion-exchange and gel-filtration chromato- 
graphy, a protein was isolated which could support contraction 
in the presence of calcium and ATP (Table Ic). Analysis on 
SDS-polyacrylamide gels showed that the major polypeptide of 
this protein co-migrated with the heavy chain of rabbit muscle 
myosin (Fig. 2). Highly purified rabbit skeletal muscle myosin 
(Fig. 2) was then added to the extracted half-cells to determine 
whether it would support contraction; it did, as is shown in 
Table 1d. 

To confirm that soluble myosin was indeed the required 
soluble factor, we used N-ethylmaleimide-modified heavy 
meromyosin (NEM—HMM) from rabbit skeletal muscle. This 
compound has been shown to bind irreversibly to actin microfila- 
ments, blocking myosin-mediated contractions’. Table 1e shows 
that preincubation of half-cells in NEM—HMM caused a marked 
inhibition of calcium-induced contraction. We conclude that 
the soluble components necessary for calcium-induced contrac- 
tion of the cortical cytoskeleton are calcium, ATP and soluble 
myosin, We are unable at present to define which of the two 
superficial contractile systems™* has the requirement for soluble 
myosin, or whether both do. 

The myosin requirement is neither tissue- nor species-specific. 
To our knowledge this is the first time that an extracted cell 
model'*"'* or isolated cell structure'® has been shown to require 
exogenous, soluble myosin for an induced contraction. One 
possible interpretation of these results is that this egg myosin 
is phosphorylated and hence free of the cytoskeleton'®; if this 
is the case, the calcium trigger may act at a different level from 
light-chain phosphorylation. 

Ripe ovarian oocytes are known to be refractory to activation 
and calcium-induced contraction'”'*. We were curious to know 
whether this contractile incompetence was due to the insoluble 
cytoskeleton, the soluble myosin or both. Experiments were 
undertaken to examine the effect of active egg myosin on the 
extracted oocyte cytoskeleton and the effect of soluble oocyte 
components on the active egg cytoskeleton. Results from several 
experiments on stage VI’? oocytes are summarized in Table 2. 


Clearly, neither oocyte cytoskeleton nor oocyte soluble com- 
ponents can support cortical contractions as induced by 
exogenous calcium in the half-cell system. 
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Table 1 Soluble factors required for contractioneof the insoluble cytoskeleton in half-cells of Xenopus 


Extraction 
time before Additions No. of cells % Cells 
Half-cells extracted in: calcium (min) to buffer tested contracting 
a Buffer 20 — 42 10 
Buffer 20 ATP 15 0 
Egg extract 20 ATP 42 98 
b Dialysed egg extract 20 — 21 5 g 
Same 20 ATP 21 86 vs 
Same 20 GTP 20 90 K 
Same 20 ADP 20 5 = 
c Isolated soluble egg factor 20 —. 153 10 
Same 20 ATP 153 
d Purified skeletal muscle myosin 20 — 50 
Same 20 ATP 50 
e NEM-BSA 10 ATP 50 
NEM-HMM 10 ATP 80 
Egg myosin + NEM-BSA 20 ATP 30 
Egg myosin +NEM-HMM 20 ATP 60 


a, Buffer: 25 mM Tris-HCI pH 7.4, 80 mM NaCl, 2 mM MgCl,, 2 mM EGTA, 2 mM 8-mercaptoethanol, 0.1 mM phenylmethylsulphony! fluoride 
(PMSF), 0.02% NaN,. Egg extract: Dejellied eggs were homogenized in 1.5 vol. of cold imidazole buffer (25 mM imidazole pH 6.4, | mM NaCl, 
1 mM B-mercaptoethanol, 2mM EGTA, 0.02% NaN,). The homogenate was centrifuged for 50 min at 25,000g at 5 °C and the supernatant furthe 
centrifuged for 2h at 100,000g at 2°C. The supernatant is called the egg extract. b, Dialysed egg extract: Four volumes of imidazole buffer were — 
transdialysed through egg extract, holding the volume constant. A membrane filter with a molecular weight cut-off of 1,000 was used. c, Isolated 
soluble egg factor: Egg extract was adsorbed on a short DEAE-cellulose column in imidazole buffer, pH 6.4. Adsorbed anions were eluted v 
1.5 M NaCl and passed through a Sephadex G-150 column (bed volume 230 ml) equilibrated with buffer (a) containing 1.5 M NaCl. A peak eluting 
just after the void volume contained the soluble egg factor (see Fig. 2). d, Purified skeletal muscle myosin: Rabbit skeletal muscle myosin was — 

prepared essentially by the procedure of Offer et al.™ or Kielley and Harrington” . For half-cell assays, the myosin was further purified by passing — 
it through a Sephadex G-150 column equilibrated with buffer (a) containing 1.5 M NaCl. e, NEM-BSA, N-ethylmaleimide was coupled to bovine 
serum albumin to serve as a control; it was used at 3 mg ml '. NEM-HMM, heavy meromyosin was prepared from rabbit skeletal muscle myos 
purified by the method of Offer et al.** and coupled with N-ethylmaleimide by the procedure of Meeusen et al’. It was used at 3 mg ml~'. 
G 

T 

The meiotic maturation of oocytes to metaphase II is accom- 
panied by ovulation, stimulation of protein synthesis and a chain- 
of events resulting in an activatable (and contractile) egg*?~**. 
Cortical Our results show that contractile competence in response 
matrix Extract No. of cells % Cells calcium also arises in the 6-14 h required for meiotic maturation. 


Table 2 Efficacy of cortical matrix and soluble factors from oocytes 
in calcium-induced contractions 


source source tested contracting Because of the known control of non-muscle myosins throug h 
Egg Egg 13 100 myosin phosphorylation? ?* and the involvement of phospha 3 
Egg Oocyte 45 2 exchanges during Xenopus oocyte meiotic maturation”, it 
Oocyte Egg 35 0 tempting to speculate that protein phosphate exchanges have a 
Oocyte Oocyte 12 0 role in the development of contractile competency on maturation 
0” a a ae Ty ART Th FLEES CATS of an oocyte to an egg. It is also possible that the calcium 
Stage VI oocytes, used here, are the largest size of ovarian cells. sequestering and seeing system comes into being during 


Half-cells were extracted 18 min before contraction was induced by the 
addition of 3 mM CaCl, (to buffer containing 2 mM EGTA and 0.05 mM 
ATP). 


oocyte maturation? 


Gib ocd 
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Fig. 2 SDS-polyacrylamide gel 
electrophoresis of egg and skeletal 
muscle myosin preparations. 
Coomassie blue stain. a, Total egg 
extract; b, purified egg soluble 
myosin after Sephadex G-150 
chromatography; c, rabbit skeletal 
muscle myosin after ammonium sul- 
phate precipitation™; d, rabbit ske- 
letal muscle myosin after final 
Sephadex purification. M indicates 
the position of the myosin heavy k 
chain, A the position of actin. A- 
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has been suggested that there is a close linkage between specific 
restriction fragment polymorphism patterns, defined as haplotypes, 
the B-globin gene cluster and specific mutations in Mediter- 
anean people with thalassaemia’. This association formed the 
asis of a strategy fer the efficient characterization of g- 
talassaemia mutations from the DNA sequence of one or two 
-thalassaemia genes derived from each haplotype in each ethnic 
roup. Subsequently, Robertson and Hill argued that this strategy 
reatly underestimates the number of mutations on haplotypes 
hich are frequent among normal chromosomes. We have there- 
‘ore now analysed the proposed association and strategy quantita- 
vely by the use of oligonucleotide hybridization and direct restric- 
tion analysis. Our results suggest that: (1) the association of 
Specific haplotypes with specific mutations is high, but not 
invariant; (2) a different -thalassaemia mutation has arisen 
within each haplotype in Mediterraneans; and (3) mutation spread 
rom one haplotype to another occurs mainly through meiotic 
recombination within a 9-kilobase region 5’ to the B-globin gene. 
We have. previously used restriction fragment (RF) poly- 
orphisms in the 8-gene cluster to define haplotypes in normal 
and §-thalassaemia chromosomes in various ethnic groups’. We 
ound three common sequences for the 32 kilobases (kb) 
tween the e- and 6-globin genes and four common sequences 
or the 18 kb beginning at the 5’ end of the B gene and extending 


in the 3' direction**. Between these two sequence clusters lies” 


°a region of 9 kb within which the recombination rate has been 


estimated to be 30 times the average recombination rate for a 
segment of this size (A. Chakravarti et al, in preparation)’. 
Within the 8 gene itself three common DNA sequences, called 
frameworks, have- been observed in Mediterraneans. 
Frameworks | and 2 differ by a single nucleotide (nt) substitution 
in intervening sequence 2 (IVS-2) of the 8 gene, while framework 
3 has the substitution of framework 2 plus four additional ones. 
In Mediterraneans, haplotypes I, IH and IX contain framework 
| B genes, haplotypes III, Va, Vb and VIII have framework 2, 
and haplotypes IV, VI, VII and X have framework 3 8 genes’ 
(see Table 1). 

The initial suggestion of a close association between specific 
haplotypes in the B-gene cluster and specific 8-thalassaemia 
mutations in Mediterraneans was based on sequence analysis 
of 13 B-thalassaemia genes and direct detection of the mutation 
by restriction endonuclease analysis in 15 others’. The associ- 
ation of haplotype and mutation was then used to develop a 
strategy for the characterization of B-thalassaemia mutations in 
other ethnic groups’. Subsequently, Robertson and Hill argued 
that, since each -thalassaemia mutation originated on the back- 
ground of a normal haplotype, this strategy greatly underesti- 
mates the number of -thalassaemia mutations on haplotypes 
which occur frequently in normal chromosomes”. Because of 
the potential general applicability of our approach to other 
autosomal gene recessive disorders, we sought to determine the 
specific B-thalassaemia mutation present in each of 162 Mediter- 
ranean -thalassaemia chromosomes available to us. 

Oligonucleotides (19-mers) were chemically synthesized 
specific for each of the following mutations®: (1) I'VS-1 nt 110 
(G-A)*; (2) nonsense codon 39 (C-T)'*"!; (3) LVS-1 nt 1(G-A)': 
and (4) IVS-I nt 6 (T-C)'. They were 5’-end labelled with “P 
by polynucleotide kinase and used to detect the presence or 
absence of each mutation in genomic DNA of 162 unselected 
Mediterraneans who were heterozygous for 8-thalassaemia. 
Heterozygous individuals were studied so that a positive 
hybridization result could unambiguously assign a specific allele 
to each B-thalassaemia gene (Fig. 1). Most of the assigned alleles 
were then tested with one or more of the three remaining 
oligonucleotide probes and gave negative hybridization results. 
Known §-thalassaemia mutations IVS-2 nt | (ref. 12), IVS-2 nt 
745 (ref. 1), —87 (ref. 1) and frameshift codon 6 (ref. 13) were 
detected directly by restriction endonuclease analysis with Hphl, 
Rsal, Avril and Mstlil, respectively. 


Association of -thalassaemia mutations and chromosomal backgrounds in Mediterraneans 








Table 1 
B-gene IVS-1 Nonsense Frame- IVS-2 
ramework Haplotype nt 110 39 shift 6 nt | 
I 31 9 l 
H l 32 
IX I 2 l 
iu 8 
Va 1 
Vb 4 
Vill 
Iv 
VI 
Vu l 
x 






Mutations 
IVS-1 Frame- IVS-1 1VS-2 Uncharac- 
nt | ~87 shift 8 nt 6 nt 745 terized* 
2 
2 
15 2 
2 
l 
15 
I 9 


Known, 156 (96%); total, 162. Haplotypes I to IX are those presented by Orkin et al.'. Haplotypes Va and Vb differ at the polymorphic Hinf1 
te 5’ to the 8 gene. Haplotype X is — + ~ — — — + at the seven sites presented in Fig. | of that paper. The 13 B-thalassaemia genes sequenced 
by Orkin, et al.’ aresincluded in the 156 characterized genes, One or more of the four uncharacterized framework | B genes (haplotypes I and IX) 
may contain the @*°°"° gene (codon 27 (G-T))'* which has previously been found associated with haplotype I (S.H.O. and S. E. Antonarakis, 
published. results) and has not been looked for in our panel. Another characterized allele, the 1VS-2 nt 705 mutation’”, is probably not among 


162 B-thalassaemia genes as it was originally described in a framework 3 £ gene, and all 28 framework 3 6 genes available to us have Been | 


aracterized. The two uncharacterized framework 2 8 genes (haplotype Va) presumably represent an as yet uncharacterized allele. 





ae o 





i 


Table2 Frequency of specific haplotypes in 8^ and 8™ chromosomes @ 


EEE! 


B^ chromosomes B™ chromosomes 


Haplotype (%) (%) 
I 42 (34) 63 (39) 
Il 8 (7) 33 (20) 
I 8 (7) 8 (7) 
IV 4 (3) 1 (1) 
Va 22 (18) 18 (11) 
Vb = 4 (2) 
VI = 15 (9) 
Vil 12 (10) 11 (7) 
Vill — 2 (1) 
IX 15 (12) 6 (4) 
X — 1 (1) 
Others 11 (9) — 
Total 122 162 


Using these methods we have determined the mutation in 156 
of 162 (96% ) B-thalassaemia genes of Mediterraneans available 
in our panel (Table 1). Of 156 genes identified, 9 mutations 
were initially correlated with RF haplotype after DNA sequence 
analysis of 14 B-globin genes':'*. Knowledge of these nine 
mutations and their associated haplotypes was then used to 
determine the mutation type of 142 other B-thalassaemia genes, 
22 by restriction analysis and 120 by hybridization with oligonu- 
cleotide probes. The remaining six genes are still uncharacter- 
ized, even though they have been studied for the common 
B-thalassaemia mutations found in this region. 

We have previously shown that since the same 8^ chromo- 
some haplotypes are found in different racial and ethnic groups, 
they must have originated before the divergence of the human 
races’. In contrast, as each ethnic group afflicted with £8- 
thalassaemia has its own battery of mutations, these disease- 
producing mutations have occurred since the divergence of the 
races'"*-’. Comparison of haplotypes of B* and 8'™ chromo- 
somes in Mediterraneans demonstrates their similarity (Table 
2). Tables 1 and 2 show that the common f-thalassaemia muta- 
tions, IVS-1 nt 110 and nonsense codon 39, originated in com- 
mon 8^ chromosome backgrounds (haplotypes I and II). These 
two mutations were probably the first to experience positive 
selection pressure in this region. 

Taken as a whole, these data demonstrate a high association 
of specific haplotypes with specific mutations. On average, 86% 
of the mutations within a particular haplotype are identical, 
while 86% of the occurrences of a particular mutation are 
associated with a particular haplotype. Thus, the simplest inter- 
pretation of these data is that a different B-thalassaemia muta- 
tion has arisen within each normal chromosome background, 
haplotypes I to IX. For example, the IVS-1 nt 110 mutation 
occurred in haplotype I, IVS-1 nt 1 in haplotype Va, and so on. 
Five of the nine mutations (IVS-1 nt 110, nonsense codon 39, 
frameshift codon 6, IVS-2 nt | and IVS-1 nt 6) have spread to 
other chromosome backgrounds, probably through meiotic re- 
combination (see below). Mutation spread has almost never 
involved a change of B-gene framework. For example, the 
IVS-1 nt 110 mutation has spread from haplotype I to haplotypes 
II and IX, all of which contain B-gene framework 1. 

Of 10 examples of mutation spread (Table 1), 8 can be 
accounted for by the mechanism of recombination between the 
polymorphic Taq] site 5’ to the 6-globin gene and the polymor- 
phic HgiAl site in the first exon of the -globin gene (A. 
Chakravarti et al., in preparation)'*'*. The two exceptions are 
the spread of the nonsense codon 39 mutation from haplotype 
I to haplotype VII (framework 1 to framework 3) and the 
frameshift codon 6 mutation from either haplotype I or IX to 
haplotype Va (framework | to framework 2). These examples 
of mutation spread from one B-gene framework to another 
within an ethnic group may be due to inter-allelic gene conver- 
sion. events or recurrent mutation, as discussed elsewhere for 
Bï- and B*-globin genes*". 
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Fig. 1 Detection of three -thalassaemia alleles by oligonucleo- 
tide hybridization. 10 ug of genomic DNA of Mediterraneans 
heterozygous for 6-thalassaemia were digested with BamHI, sub- 
jected to electrophoresis in 1% agarose gels, and Southern transfer- 
red to nitrocellulose filters’. Hybridization with **P-oligonucleo- 
tides (19-mers) specific for various B-thalassaemia mutations and 
washing of filters were carried out as described previously'”°. The 
mutations examined occur in the 5’ one-third of the B-globin gene 
which is included in a 1.8-kb BamHI fragment denoted by an 
arrow in a, b and c. In a, the probe is specific for the IVS-1 nt 6 
mutation and positive hybridization is seen in lanes 3, 4, 5, 6 and 
8. In b, the probe is specific for the IVS-1 nt 110 mutation and 
positive hybridization is present in lanes 1, 2 and 3. In c, the probe 
is specific for the IVS-1 nt 1 mutation and positive hybridization 
is present in lanes 2 and 3. Note the presence in c of a non-globin 
polymorphic fragment denoted by the asterisk. 


Since only 6 of 162 -thalassaemia genes in our panel remain 
outstanding, the number of alleles still uncharacterized in 





Mediterraneans is small, perhaps two or less. Alleles which 


occur with a significant frequency in this population have been — 


discovered. It is noteworthy that this result was achieved after 
sequence analysis of only 14 6-thalassaemia genes''’, or less 


ys 


than 10% of those available to us, further demonstrating the — 


power of the strategy for the molecular characterization of this 
disease. 

The strong association between haplotype and mutation, such 
that for even the most common haplotypes almost all mutations 
are of a single kind, is somewhat surprising. The association is 
presumably due to (1) the recent onset of positive selection for 
B-thalassaemia heterozygotes in malaria-infested regions of the 
Mediterranean Basin and (2) a significant laps® of time between 
the occurrence of the first and any subsequent mutations on a 
particular chromosome background. On the other hand, a close 
association of specific haplotypes with specific mutations may 
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-not pertain in single-gene disorders in which there is no positive 
_ selection for heterozygotes’. 
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_ Telomeres, the ends of eukaryotic chromosomes, have long been 
__ recognized as specialized structures. Their stability compared with 
_ broken ends of chromosomes'” suggested that they have properties 
__ which protect them from fusion, degradation or recombination’. 
_ Furthermore, a linear DNA molecule such as that of a eukaryotic 
_ chromosome must have a structure at its ends which allows its 
complete replication**, as no known DNA polymerase can initiate 
_ synthesis without a primer. At the ends of the relatively short, 
_ multi-copy linear DNA molecules found naturally in the nuclei 
__ of several lower eukaryotes, there are simple tandemly repeated 
_ sequences”'” with, in the cases analysed, a specific array of single- 
_ Strand breaks, on both DNA strands, in the distal portion of the 
_ block of repeats”'®’’, In general, however, direct analysis of 
_ chromosomal termini presents problems because of their very low 
_ abundance in nuclei. To circumvent this problem, we have pre- 
_ viously cloned a chromosomal telomere of the yeast Saccharomyces 
_ cerevisiae on a linear DNA vector molecule'”. Here we show that 
yeast chromosomal telomeres terminate in a DNA sequence con- 
_ sisting of tandem irregular repeats of the general form C,_,A. 
_ The same repeat units are added to the ends of Tetrahymena 
_ telomeres, in an apparently non-template-directed manner, during 
_ their replication on linear plasmids in yeast. Such DNA addition 
“may have a fundamental role in telomere replication. 
= Figure la shows a map of the linear yeast plasmid pSZ219. 
_ One end is a telomere from a yeast chromosome and the other 
end is derived from the terminal restriction fragment of the 
= naturally occurring linear ribosomal DNA molecule from the 
somatic nucleus of the ciliate Tetrahymena'®. To obtain amounts 
_ of yeast telomeric DNA sufficient for sequence analysis, the 
= yeast telomere on pSZ219 was subcloned in the circular 
Escherichia coli sector pBR322 as described in Fig. 1 legend. 
The resulting recombinant molecules containing the yeast 
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Fig. 1 Subcloning of telomeric fragments from a linear yeast 
plasmid. a, The linear plasmid pSZ219-5 (ref. 18) consists of a 
yeast telomere (solid bar on left) and the terminal fragment of the 
linear ribosomal RNA gene (rDNA) of Tetrahymena (open bar 
on right). A selectable marker (LEU2) is present, with pBR322 
sequences, in the central portion of the molecule (thin line). b, c 
Recombinant plasmids carrying the yeast telomeric fragment (b) 
or the Tetrahymena rDNA-derived telomere (c). pSZ219-5 was 
purified from log-phase yeast cells by a procedure modified from 
ref. 29, and digested with S, nuclease in conditions recommended 
by the manufacturer (BRL) to remove the extreme molecular 
termini”'':'’, BamHI linkers (New England Biolabs) were ligated 
onto the resulting blunt ends, and the pSZ219 DNA was then 
digested with BglII. The resulting 1.6- and 8.5-kb fragments, carry- 
ing the yeast and Tetrahymena rDNA telomeres respectively, were 
ligated into pBR322 opened by BamHI digestion, to produce 
pYtl03 (b) and prE-Y3 (c). In pYtl03, a deletion of pBR322 
sequence adjacent to the terminal telomeric sequence had occurred, 
and the BamHI linker, shown in brackets, was lost. In the pro- 
cedure used to produce pYt14 (b), Bal31 nuclease (BRL) was used 
instead of S, nuclease, and the resulting blunt end of the 1.6-kb 
BglII end fragment of pSZ219 was ligated directly to the Poull 
site of the pBR322 vector. Cloning procedures followed ref. 30. 
Restriction sites: H3, Haelll; B2, Bglll; PI, Poul; B, BamHI; D, 
Ddel; RI, EcoRI; P2, Pvull. Parentheses indicate hybrid sites. 


telomeric sequence, pYt103 and pYtl4, are shown in Fig. 1b. 
The recombinants were mapped by digestion with restriction 
enzymes and compared with the restriction maps obtained using 
pSZ219 purified from yeast cells. The maps were colinear, but 
the region corresponding to the most terminal ~400 base pairs 
(bp) of the cloned yeast telomere on pSZ219 was absent from 
clones pYt103 and pYt14; these data are summarized in Fig. 2a. 
The inserts of pYt103 and pYtl4 were both sequenced by the 
Maxam-Gilbert method’, using the sequencing strategy shown 
in Fig. 2a. The sequence of the yeast telomere is shown in Fig. 
2b. The most noteworthy feature of the sequence is that the last 
81 nucleotides, corresponding to the most distal region (with 
respect to the linear vector) of the subcloned segment in pYt103 
consists entirely of tandem repeats of the sequence C,_,A. Like 
Tetrahymena rDNA molecules”, the yeast telomere on pSZ219 
has specific single-strand breaks in the distal ~100 bp of the 
molecule, allowing nick-translation of this region by E. coli 
DNA polymerase I (ref. 18 and E.H.B., unpublished results). 
Because this sequence is uninterrupted by G or T residues, it 
accounts for (1) the observed extensive in vitro nick-translation 
of the yeast telomere in the presence of only the two triphos- 
phates, dATP and dCTP", and (2) the specific labelling of the 
pyrimidine tracts C,(A), C,(A) and C(A) which occurs in this 
in vitro reaction (E.H.B., unpublished results). These findings, 
taken together, strongly suggest that C,_,A repeats extend out 
to the single-strand breaks. The seemingly irregular repeat unit 
is reminiscent of the irregular sequence, consisting of tandem 
repeats of C,T, at the termini of Dictyostelium rDNA 
molecules''. However, the yeast telomeric C,_,A repeats, in this 
and other examples analysed, all conform to a larger repeat unit 
which can be written: 5'[C,_,A(CA),_,]3’. Thus, there appear to 
be strong constraints, imposed during either their formation or 
maintenance, on the arrangement of the basic C,_;A repeats. 
Chan and Tye” have described a class of 6.7-kilobase (kb) 
repeats adjacent to several chromosomal telomeres in yeast. 
Internal to the C,_;A repeats, the restriction map of the yeast 
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Fig.2 Restriction mapping and sequencing of ‘ ' ' ' Hinfl ` ' i ' s60 
the subcloned yeast telomere. a, The restriction TGACTTTCGTAACAACAATTTCCTTCACTCTCCAACTTCTCTGCTCGAATCTCTACATAATAATA TATCAAATCTACCGTCTGGAACATCATCGCTATCC 


map of the yeast telomere on pSZ219 is shown ; ' ‘ Koni x ' i i i s60 i 
at the top, with the end of the plasmid at the AGCTCTTTGTGAACCGCTACCATCAGCATGTACAAGCGGTACCCTCGTGTTATCTGCAGCGAGAACTTCAACGTTTGCCAAATCAAGCCAATGTGGTAAC N 
right. Aligned below it are restriction maps of 

the yeast telomere subcloned in plasmids pYtl4  AACCACPCCTCCGAAATCTGCTCCAAAAGATATTCCAGTTTC TGCCGAAATGTTTTATTGCAGAACAGCCCTATCAGCATCGACAGGATGCCGTCCAATG H 
and pYt103. Solid bar, yeast telomeric DNA; 4 
thin line, pBR322 vector DNA. Regions se- 
quenced by the Maxam-Gilbert method" are 
indicated by arrows below each restriction map. 
Restriction sites: B2, Bglll; H3, Haelll; 
X, Xhol; Hh, Hhal; Hf, Hinfl; Hp, Hpall. 
Hatched bars show restriction fragments A and B, which were used as hybridization probes as described in the text. Both fragments extended N 
from the distal Hinfl site in the telomere to the closest Hhal site in the pBR322 vector. b, DNA sequence of the subcloned yeast telomere in 
pYt103. Numbers above the sequence refer to telomeric sequences. Nucleotide 1 of the telomere sequence shown begins at the distal end of 
the subcloned telomere, and the last nucleotide shown (918) is ~20 nucleotides distal to the Xhol site in the yeast telomere. The number in 
parentheses applies to the pBR322 vector sequence, numbered according to ref. 31. A recombination between vector and telomeric sequences 
is inferred to have occurred in pYt103 within the region bounded by vertical arrows. The most distal telomeric nucleotide cloned in pYtl4 is 
at position 61 (*). The underlined sequence is an ARS consensus sequence”'. 
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AACTGCGGCTTGACGTACTGCGGACCC TGACAAGTCCAGCGC TCGTCATGGAACGCAA 


telomere cloned in pSZ219 matches a portion of the 6.7-kb BamHI or Pvul, the yeast telomeric sequence in fragment Ag 
repeat. The previously cloned examples of internally located hybridized strongly with up to six genomic bands, consistent a 
6.7-kb repeats contained an autonomously replicating segment with previous findings'*. In contrast, after digestion with en- è 
(ARS)™®. The terminally located example we have cloned in zymes which cut nearer the yeast terminus of pSZ219 (BglII, 
pSZ219 has an ARS consensus sequence”, TITATGTTTA Xhol, Hhal or Hinfl), the predominant hybridization was with 
(underlined in Fig. 2b), occurring ~700 bp from the molecular a single, heterodisperse genomic band which, as shown below, — 
end of pSZ219. represents chromosomal termini. The width of this band corre- _ 
To map the telomeres of yeast chromosomes, chromosomal sponds to a size range of +50-100 bp. The differences in size 
DNA was digested with several restriction enzymes, the digests between the terminal genomic bands produced using Bglll, 
were fractionated by gel electrophoresis, blotted onto a nitrocel- Xhol, Hhal or Hinfl were the same as in pSZ219, showing that 
lulose filter, then probed with the distal portion of the subcloned the internal restriction map of the telomeric segment cloned — 
yeast telomere. The probe used was °*P-labelled fragment A of in pSZ219 was colinear with that of many chromosomal telo- — 
pYtl4 (Fig. 2a), which lacks a long tract of terminal C,,A meres. However, for each enzyme digest, the mean size of the 
repeats. Figure 3a shows that after digestion with HindIII, terminal chromosomal fragment was ~100 bp shorter than the © 
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electrophoresis in an agarose gel, 
a281 DNA was blotted onto a 
nitrocellulose filter and hybridized 
with nick-translated **P-labelled 
fragment A probe (see Fig. 2a) at 
65°C in 0.6 M NaCl, 0.06 M sodium 
citrate, pH 7.0 (ref. 12). Restriction 
enzymes used were HindIII (lane 1), 
BamHI (lane 2), Poul (lane 3), BglII 
(lane 4), Xhol (lane 5), Hhal (lane 
6) and Hinfl (lane 7). b, Purified 
pSZ219 plasmid DNA (lanes 1) and 
genomic DNAs from strains LL20 
(lanes 2), a281 (lanes 3) and D2180 
(lanes 4) were digested with Poul, 
Xhol or Hinfl as indicated. After gel 
electrophoresis, duplicate blots were 
hybridized with **P-labelled frag- 
ment A or fragment B probe (see Fig. 
2a), as indicated below each panel. 
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Fig. 4 Bal31 sensitivity of genomic regions hybridizing with 
= telomeric probes. Genomic DNA from strain D2180 was digested 
with Bal31 nuclease for 0, 1.5,3, 5and 10 min at 30 °C, in conditions 
recommended by the manufacturer (BRL), at 5 units of enzyme 
per 10 ug DNA. The same preparation of Bal31-treated DNA was 
_ digested with either Xhol (a) or Hinfl (b) and fractionated by 
= electrophoresis in agarose gels, blotted to nitrocellulose filters and 
~ hybridized with **P-labelled probe A (a) or probe B (b). A pause 
~ site, manifested by the sharp band (indicated by arrows) appearing 
~ below the terminal heterodisperse fragment as Bal3| digestion 
K progressed, mapped between positions 119 and 154 in the sequence 
shown in Fig. 2b. 


























_ corresponding terminal pSZ219 fragment, although the chromo- 
= somal telomeric band was in each case no more heterodisperse 
_ than the band from pSZ219 (Fig. 3b). 

___ To analyse the relative arrangements in the yeast genome of 
_ CA repeats and the adjacent telomeric sequence in fragment 
_ A, fragment B probe from pYt!03 (Fig. 2a) was hybridized with 
_ yeast chromosomal DNAs. Probe B is the same as fragment A 
= except that it also contains a long tract of C\_,A repeats. 
_ Genomic DNAs from untransformed strain LL20, haploid strain 

a281 (a derivative of LL20 and the strain in which pSZ219 had 
_ been propagated) and diploid strain D2180 were digested with 

_ Poul, Xhol or Hinfl, and duplicate blots of each digest were 
_ hybridized with either fragment A or fragment B (Fig. 3b). With 
_ both probes, only minor differences were observed between the 
_ three strains. The fi ragment A probe hybridized with a subset of 
_ the bands hybridizing with fragment B. While over 70% of the 
i hybridization with fragment A was by the common single, promi- 
nent, heterodisperse band whose size corresponded to the ter- 
_ minal fragment of the cloned yeast telomere, fragment B probe 
_ also hybridized with three additional heterodisperse bands as 
well as with additional sharp bands not detected by the fragment 
_ A probe (Figs 3b, 4b). 

_ To determine which of the hybridizing genomic fragments 
_ were located at the molecular ends of chromosomes, yeast DNA 
= was digested for increasing times with the double-stranded DNA 
exonuclease Bal3J, which shortens chromosomal DNAs pro- 
_ gressively from their ends. The Bal31-treated DNA was then 
_ digested with either Pvul, Xhol or Hinfl, fractionated by 
_ agarose gel electrophoresis, blotted and hybridized with frag- 
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Fig. 5 a, Sequence of the Tetrahymena rDNA-derived end of 
pSZ219-5. Position | corresponds to the most distal portion sub- 
cloned in prE-Y3 and adjoins the BamHI linker; the direction of 
increasing numbers is towards the interior of pSZ219-5. b, Summary 
of the structure of telomeric sequences in pSZ219, The linear 
plasmid is drawn as in Fig. la. Solid bars represent yeast telomeric 
sequence; very thick portions show the extent of the C,_,A repeat 
sequence. Open bars represent Tetrahymena rDNA sequence; the 
very thick open bar shows the extent of the CCCCAA repeat 
sequence in the rDNA purified from Tetrahymena cells (one ter- 
minal portion shown in lower map), and in pSZ219 ( upper map). 
The extent of yeast C,_,A repeats on the rDNA-derived end is 
shown by the very thick solid bar. 


ment A or B. Figure 4 shows representative results. All initially 
heterodisperse bands were shortened by Bal31 digestion; this 
property identifies them as chromosomal termini. The hybridiz- 
ation signal with the major Bal31-sensitive heterodisperse band 
detected by both probes persisted for over 5min of Bal31 
digestion, while the hybridization with the three additional 
heterodisperse bands detected by fragment B but not fragment 
A was lost after 1.5 min of Bal31 digestion ( Fig. 4b). Thus, we 
conclude that yeast chromosomal termini, regardless of whether 
they carry the adjacent fragment A sequence, terminate in C,_,A 
repeats. We note, however, that C,_,A repeats are not confined 
to the molecular ends of chromosomes, because fi ragment B also 
hybridized with genomic fragments, migrating as sharp bands 
in gel electrophoresis which were Bal31-insensitive (Fig. 4b). 
Consistent with these results, Walmsley et al. have identified 
C,_3A repeats in internal positions in chromosomes (see accom- 
panying paper’). These internal C,_,A repeats are not flanked 
by fragment A sequences. 

Preliminary observations on the termini of Tetrahymena 
rDNA molecules in linear yeast plasmids suggested that they 
had undergone a structural change after their maintenance in 
yeast. The terminal fragments became longer'*, and they 
acquired the ability to hybridize (at reduced stringency) with a 
synthetic homopolymeric probe, poly(dGT), a property shared 
with the yeast telomeric fragment cloned on the linear vector”. 
We subcloned the end of pSZ219 derived from Tetrahymena 
rDNA (Fig. 1). The sequence of the distal subcloned region 
(between the Ddel and BamHI sites shown in Fig. 1c) was 
determined and is presented in part in Fig. 5a. Although the 
Tetrahymena rDNA sequence was colinear and matched that 
determined previously for this molecule in Tetrahymena™*, an 
additional 228 bp of sequence, consisting entirely of the same 
type of C,_;A repeat sequence as found at the yeast telomere, 
was joined directly to the CCCCAA repeats previously shown 
to occur at the end of the Tetrahymena rDNA molecules. The 
transition from Tetrahymena-derived to yeast-derived sequence 
was abrupt, with no mixing of the two repeat types. The mean 





size of the heterodisperse rDNA-derived end fragment of 
pSZ219 was greater by 200 bp than the mean size of the original ə 

- heterodisperse rDNA end fragment isolated from Tetrahymena 
cells?'?"®, Therefore, while the Tetrahymena sequence was 
maintained faithfully in yeast, the extreme distal tip of the 
‘Tetrahymena rDNA molecule was extended, and possibly partly 
replaced, by at least 228 bp of yeast telomeric C,_,A repeats. 

- The arrangements of telomeric sequences in pSZ219 are sum- 
marized in Fig. 5b. 

How and why does the addition of telomeric DNA occur? 
We have shown that Tetrahymena telomeres are modified by 
the addition of yeast telomeric sequences during their replication 
in yeast. The length heterogeneity of yeast and other 
telomeres””'''® suggests that these ends are also being con- 
tinually modified by the addition and loss of new telomeric 
repeats. It seems likely that the recently described synchronous 
lengthening of Trypanosome telomeres” occurs by a similar 
terminal DNA addition reaction. A DNA addition reaction 
could account for the genesis of the ends of the macronuclear 
DNA fragments of ciliates (reviewed in ref. 26). It seems that 
the telomeric DNA addition reaction may be a universal feature 
of telomere replication. What then might be the mechanism and 
function of this reaction? 

Any mechanism involving recombination seems unlikely in 
<“ view of the restricted homology between the Tetrahymena and 
yeast telomeric repeats. In the best match (CCCACA versus 
“ CCCAAC), 4bp of homology are followed by two mismatches. 
‘Furthermore, the addition reaction is known to be independent 
of the yeast repair/ recombination gene, RADS52 (B. Dunn, P. 
Szauter, M.-L. Pardue and J.W.S., in preparation). The gap- 
filling model proposed for the growing Trypanosoma ends” is 
hard to reconcile with the non-palindromic terminal repeats of 
yeast and all other sequenced telomeres. Finally, the strand- 
invasion/ primer-extension model?’** also seems unlikely in 
view of the lack of homology between yeast and Tetrahymena 
ends. 

We propose that terminal transferase-like activities are 
responsible for extending the 3’ end of the G +T strand of yeast 
telomeres. Such activities could add single nucleotides, with the 
final sequence being determined by the substrate specificities of 
the enzymes involved, Alternatively, preassembled units (such 
as GiT or the longer unit (TG),_, TG,.,) could be added. At 
some point, the growing single-stranded tail of the G+T strand 
would become a template for DNA primase and DNA poly- 
merase, which could fill-in the C+A strand. The single-strand 
breaks on the C +A strand could result from incomplete syn- 
thesis or the excision of RNA primers. In this model, telomeres 
are constantly being shortened by incomplete replication and 
exonucleolytic digestion, but these reactions are in equilibrium 
with the DNA addition reaction. In this regard, it is interesting 
that the yeast telomere cloned on the linear plasmid pSZ219 

* haga slightly longer terminal region than the chromosomally 
located telomeres, suggesting that the mean length of the 
telomere is regulated differently in the two cases. The reason 
that Tetrahymena ends, but not random sequences, can function 
as telomeres in yeast may therefore be that the Tetrahymena 
ends are recognized as a substrate by the yeast DNA addition 
enzymes. The generation of new telomeres, for example, during 
macronuclear development in the ciliates*® or the ‘healing’ of 
broken chromosomes'”, may also involve the modification of 
DNA ends by the telomeric DNA addition enzymes. 
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The genome of the yeast Saccharomyces cerevisiae, like those 0 
other eukaryotes, contains multiple sequences that hybridize wit 
a poly(GT) probe. We have shown previously that some o 
sequences that hybridize with the poly(GT) probe are loca 
near the tips of the yeast chromosomes’. We report here that man: 
of the remaining poly(GT)-hybridizing sequences are associat 
with a family of putative replication origins localized near th 
chromosome ends. These sequences have the general form 
poly(C,_3A), similar to sequences reported to occur at the tips 
chromosomes in the accompanying paper’. In addition 
poly(C,_,A) tracts, yeast cells contain tracts of alternating Ca 
A bases, similar to those seen in mammalian genomes” ~ Thes 
results are used as the basis for a new model of telomere replicatio 
Approximately one-third of the tracts that hybridize wi 
poly(GT) in the yeast genome are localized at the tips of th 
yeast chromosomes’. In order to analyse tracts derived fron 
internal chromosomal sites, we isolated clones that hybridized 
with poly(GT) from a recombinant plasmid bank containing 
yeast DNA from the strain DBY 939 (ref. 5). We refer to the 
poly(GT)-hybridizing sequences as ‘poly(CA)’ tracts, although 
data presented in this and an accompanying letter? show th 
many of these tracts do not contain strictly alternating C an 
A residues. Of 3,500 clones screened by colony hybridizatio 
with poly(GT), 69 positive clones were detected. If the tracts 
are not clustered, this result suggests that there is about one 
tract per 500 kilobases (kb) or 25-30 internal tracts per genom: 
To demonstrate whether these poly(CA) tracts were embed. 
ded within a previously described repeated yeast sequence, wi 
hybridized poly(GT) with recombinant plasmids containing 
either ribosomal DNA, the Ty element, the 2 pm yeast plasmid 
or the X and Y’ repeated sequences”*. We found that the probe 
hybridized with all plasmids that contained both X and Y’, bul 
did not hybridize with other types of repeated yeast genes (dat 
not shown). As for plasmids containing only Y' sequences 
poly(GT) hybridized strongly with some and only weakly with 
others, indicating sequence heterogeneity within the Y’ famil 
of repeats. ; 





CEN 


A 6.7kb ———> 


Fig. 1 Organization of X and Y' sequences at the yeast telomere. 
The organization shown is basically that developed by Chan and 
Tye’. The only change in the diagram from previous depictions is 
the indication that some yeast telomeres lack Y’ sequences. This 
conclusion is based on Southern blot analysis of yeast telomeres 
(R.W.W. and T.D.P.; S. Passmore and B.-K.T., unpublished 
observations) and hybridization of Y’ to intact yeast chromosomes 
(C.S.M.C., B.-K.T. and D. Schwartz, unpublished observations). 
Although some telomeres may have as many as four Y' sequences, 
most chromosomal ends have a single Y'’. MM, X: @, poly(C,_,A); 
[1, the portion of Y’ originally designated 131; and M, the portion 
of Y' originally designated Y. As some Y' sequences hybridize with 
_ poly(GT), in some cases the poly(C,_,A) tract may extend into Y’. 
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Fig. 2 The location of sequences hybridizing with poly(GT) in 
-plasmids used for sequence analysis. The bars in the diagrams 
‘epresent 1 kb and the cross-hatched portion of the figure indicates 
the poly(CA) tract. a, pCD2. This plasmid was constructed by 
“inserting yeast DNA that had been partially digested with Sau3A 
into the BamHI site of YEp24 (ref. 5). The 3.7-kb Sali fragment 

as the only portion of the insertion mapped in detail. b, YRp120. 
-The construction of this plasmid has been described previously’, 
The ars activity of the plasmid maps between the Hpal and Bell 
ites’*. ¢, pCD9. This plasmid was from the same clone bank as 
pCD2. The restriction enzymes used in the mapping were: BI, Bgll; 
B2, Bglll; Hp, Hpal; P, Psti; R, EcoRI; S, Sall; 83, Sau3A; Ss, 
Sstl; and Sp, Sphi. Other symbols as in Fig. 1. The plasmid pCD9 
shows no detectable similarity (independent of the poly(CA) tracts) 
; to X or Y. 
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The repeated gene families X and Y’ (formerly called 131-Y) 
ere originally characterized as repeated sequences that allowed 
itonomous replication of plasmids in yeast and were localized 
t the end of the yeast chromosome”*. These sequences are 
ten associated with one another in an arrangement shown 
thematically in Fig. 1. The X repeats are more heterogeneous 
both size (0.3-3.75 kb) and sequence relative to the Y’ repeats 
.7kb)”*. X and Y’ show little or no sequence similarity. 
though the exact number of X and Y' sequences is unknown, 
ere are at least 10 members of each class per haploid genome’. 
e believe, therefore, that many of the yeast telomeres have 
e structure shown in Fig. 1. 
The portion of the X-containing clones that hybridized 
ly(GT) was mapped in 10 different recombinant plasmids: 
ne plasmids described in a previous study™ (120, 131C, 131M, 
IR, 131A, 206, 131], 131N and 131) and one isolated for this 
dy (pCD2). In all cases, paly(GT) hybridized with the junc- 
n between X and Y’. The ARS activity (corresponding to a 
tive replication origin) is separable from the poly(GT) 
bridization in plasmids 120, 131C, 131M, 131R, 131A and 
~The positions of poly(GT) hybridization for two of the 
asmids (YRp12Qand pCD2) are shown in Fig. 2a, b. 
quences of the two tracts shown in Fig. 2a, b are shown in 
3, We found that the poly(CA) tract varied in length in the 
plasmids (52 base pairs (bp) in pCD2 and 139 bp in 











a 10 20 30 ypo 50 60 7008 
@ AATACAGTGA CATATATATA CACCCACACC CACACACCAC ACCCACACEC ACACACCACA CCCACACACC 

gn 90 100 110 120 130 140 

CIAACACAAT CCTAACAGTA CCCTATICTA ACCCTGATGA: ACCIGTETCC ABACCIACCE TCCATTACCE 
150 160 170 180 19 200 210 

TACCTCOCCA CICAITACCC TGTCTCATTC AACCATACCA CICCCAACCA CCATCCATCA TCTCYCTACT 
220 230 Put 250 260 270 280 

TACCACTAAC CACCRICCAC CATAACCGTT ACCCTCCAAT TACCCATATC CAACTCCACT. ACCACTTACC 
20 300 310 320 330 340 

CTACTATTIAC CCTACCATCC ACCATGTCCT ACTCACTGTA CIGTIGTICT ACCCTCCATA TIGAAACGT 

b 


in 20 30 40 50 60 70 
AATACAGTGA CATATATATA CCCACACACC CACACACACC ACACCCACAC ACCCACACCE ACACACCACA 


80 90 100 in 120 130 140 
CCCACACCAC ACCCACACAC CACACCCACA CCACACCACA CCCACACCAC ACCCACCACA CCCACACCCA 








150 160 170 180 190 2m 210 
CACACCACAC CCACACCC 1a aractacetc AACCCTACCE TAATCCAACE CTTCCATCCT. GICTCTCAAC 
220 230 2an 250 26O 270 2RO 
TIACCRICCA TTACCCTACC TCCCCACTCS TTACCCACCT_ CCCCACCACC AACCCACAAA TCCACCATAA 
290 300 310 320 330 340 350 
CAGTIACCCT CCAATTACCE ATATCCAACC TCACTGCCAC TTACCCTGCC ATTACCCTAC CATCCACCAT 
360 370 380 390 
GSTCCTACTCA CIGTACTGTT GTICTACCCT CCATATTGAA ACGT. 
C 
10 2n 30 an 50 60 70 
GATCAACGTA CTGAGAAGTT TGTGGAACAT GTTACCACCA AGAGAAAGAA GAAAATTTOG TTAAGASASG 
a0 a 100 lie 120 130 140 
ACABACAAGT TGAATATCCT TATAAATAGT CAATATGCGA ACCATATAAG CTAATTTTAG TAAGTATATA 


150 160 170 180 190 200 
TATTCCAATA CAATCACACA CACACACACA CACACACACA CACACACATA CGCATATATT GT 
Fig. 3. DNA sequences of regions hybridizing with poly(GT). 
The recombinant plasmids pCD2(a) and YRpi20 (b) represent 
X-~Y’-containing insertions. For both plasmids, both DNA strands 
between the Sphl and the Hpal sites were sequenced*!. The 5’ 
strand, starting at the SphI site, is shown. Underlining indicates 
similarity between the two sequences. The sequence in ¢ is from 
pCD9. A portion of a 750-bp Sau3A fragment containing the tract 
was sequenced in both strands. The 5’ strand, starting at the Sau3A 
site, is shown. For all three sequences, the poly(CA) tract is shown 
by large capitals. 


YRp120). For both tracts, however, similar rules apply: no G 
or T residues interrupt the tract, no pairs of A residues are found 
and there are never more than three C residues in a row. Thus, 
the tract can be represented as poly(C,_,A) but is rather more 
regular than this representation implies: for example, more than 
80% of the tract is represented by non-overlapping repeats of 
the sequence CCACAC., It is presumably the large number of 
short stretches of alternating CA residues that allows the 
poly(C\_;A) tracts to hybridize with poly(GT). The sequences 
that flank the poly(CA) tracts on the Y' side of the boundary 
are conserved in the two plasmids; the sequences on the other 
side of the tract have long regions of homology interspersed 
with regions of non-homology. In particular, the plasmid pCD2 
has two insertions (20 and 23 bp) not found in the YRp120 
sequence. The poorer conservation of sequence similarity at the 
X boundary is expected from previous restriction maps of the 
X sequences’*, A striking feature of the sequence at the X 
boundary is the lack of G residues in the strand with the 
poly(CA) tract (13 G residues in 235 residues for YRp120 and 
14 Gs in 278 residues in pCD2), 

Szostak and Blackburn, by isolating sequences that allow 
maintenance of linear plasmids in yeast, obtained cloned yeast 
telomeres’. Shampay et al? have found that the sequence of the 
tract at the tip of the cloned telomere is essentially the same as 
those shown in Fig. 3a, b. Sequences that hybridize with 
poly(GT) are added to the ends of the Tetrahymena ribosomal 
DNA when these molecules are cloned in yeast’. Shampay et 
al? have shown that these added sequences also have the form 
poly(C,_,A). It is particularly interesting that the poly(C,_3A) 
tract of pCD2 (minus the last two base pairs) is identical to a 
portion of the tract added to the ends of the Tetrahymena DNA. 
The location of this 50-bp identity begins 121 bp from the 
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Fig. 4 Model of telomere replication. Each 
telomeric DNA strand is represented by a tandem 
array of small rectangles. Each rectangle indicates 
a short repeated DNA sequence. For example, 
the symbol © could indicate a (G,T,) repeat and 
the symbol O could represent a (C, A,) repeat. 
The strands with Z and @ represent DNA synthe- 
sized by semi-conservative replication. The 
repeats S and S represent DNA synthesized by 
repair synthesis. Single-strand nicks are indicated 
by horizontal arrows and vertical arrows point in 
the 3’ direction on the DNA strand. Step 1: The 
a and B strands are replicated by a DNA poly- 
merase that has a 5’ to 3’ elongation activity and 
requires a primer. Excision of the primer pro- 
duces a free 3’ end in one of the daughter 
molecules. Step 2: The strand with the C,A, 
repeats is nicked on both DNA molecules, poss- 
ibly by a site-specific endonuclease. Step 3: The 
protruding 3’ end of the (a)8 molecule invades 
the a(B) molecule, displacing the (8) strand; 
this invasion occurs when the molecules are alig- 
ned unequally. Step 4: As the a strand is nicked, 
pairing between the invading £ strand and an a 
fragment followed by dissociation of the two 
duplexes yields an @(8) molecule with a gap in 
the a strand and an (a) molecule with a 5’ 
protuding strand. Step 5: The gaps are filled by 
5’ to 3’ repair synthesis and nicks are sealed by 
DNA ligase. As the mechanism shown in this 
figure results in growth of the yeast telomeres 
each generation (which is not observed), we sug- 
gest that the growth is balanced by exonucleolytic 
degradation of the exposed 3’ terminus. 
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junction of C,A, Tetrahymena sequences with poly(C,_;A) and 
extends 50bp from this junction towards the end of the 
chromosome. 

Although the tracts are conserved between the X-Y’ junction 
and the tip of the chromosome, the sequences that flank the 
X-Y' tract show no obvious similarity to the sequence adjacent 
to the tract at the tip’. One interpretation of this result is that 
the only sequence homology between X and the telomeres is 
the tract itself. We prefer the alternative explanation that the 
lack of homology represents divergence between different 
telomeres because DNA sequence analysis of the poly(CA) 
tracts, together with the information presented in Fig. 1, suggests 
that yeast has at least two types of telomeres: one type has X 
sequences and a poly(C,_,A) tract; the other has one or more 
Y’ sequences integrated within the poly(C,_sA) tract. 

Excluding the poly(CA) tracts located at the tips of the 
chromosomes, we estimate that the tracts at the X-Y’ junctions 
represent slightly less than half the poly(CA) tracts in the yeast 
genome. We base this estimate on two experiments. When an 
X sequence is used as a hybridization probe, about one-quarter 
(16 of 69) of the clones that hybridize with poly(GT) also 
hybridize with X. Second, in Southern blots in which 30 non- 
telomeric bands hybridizing with poly(GT) are detected, only 
12 hybridize with an X probe (data not shown). We performed 
restriction analysis (Fig. 2c) and a sequence analysis (Fig. 3c) 
of one plasmid (pCD9) that hybridized with poly(GT) but failed 
to hybridize with X sequences. The poly(CA) tract in this plas- 
mid contains 17 pairs of alternating C and A residues. This strict 
alternation is characteristic of poly(CA) tracts seen in higher 
eukaryotes**. The sequences flanking the tract have no obvious 
similarity to those observed in X nor is there a short direct 
repeat flanking the tract. By Southern hybridization experiments 
using the DNA flanking the tract as a probe, we found that the 
poly(CA) tract of the pCD9 is embedded within single-copy 
DNA (data not shown). 
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Thus, yeast has both poly(C,_;A) tracts and co-polymeric CA — 


tracts. The most important question raised by these findings is: 


what is the functional role of poly(CA) tracts in the cell? One — 


obvious possibility is that the poly(C,_,A) repeats are required 
for the maintenance of eukaryotic telomeres. 


Watson’? pointed out that the replication of linear DNA 


molecule by a DNA polymerase that had 5' to 3’ elongation — 
activity and required a primer resulted in one daughter molecule 
with a 3’ protuding end. Failure to complete synthesis of this 
end would result in a progressive shortening of the chromosome. — 
Models designed to circumvent this problem involve either 
formation of concatamers'”, palindromes located at the chromo- 


some end'! or formation of a hairpin at the telomere’. For 


eukaryotic chromosomes, the hairpin model has received the 
most attention. Although there is evidence that some viruses 


have hairpin termini (for example, vaccinia virus'*), no compell- 


ing evidence for such termini exists for eukaryotic chromosomes. 
In addition, this model for telomere replication fails to explain 


observed features of eukaryotic telomeres: (1) the telomeres — 
contain short repeated sequences'*''*; (2) often one strand of — 


the telomere is extensively nicked”"'*; (3) DNA sequences resem- _ 
bling the yeast telomeric sequences are added to the ends of 


the Tetrahymena and Oxytricha telomeres when these molecules — 


are cloned in yeast':'°; and (4) telomeres derived from a single 
DNA molecule can be heterogeneous in length’. Although some 
of these observations can be made consistent with the hairpin 


model by additional assumptions”, none is explained easily by — ; 
this model. 3 


One feature that all the models mentioned above have in 
common is that the DNA sequences involved in completing 
telomere synthesis are encoded as part of the telomere. As novel 
DNA sequences are added to the ends of Tetrahymena telomeres 
when these ends are cloned in yeast’, we believe that yeast 
telomeres are more likely to complete replication by addition 
of sequences that are not part of the original telomere. One 
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y ‘mechanism for the addition of such sequences is provided by 


_ incomplete telomeres’. An alternative possibility is shown in 
Fig. 4; in this model, replication of telomeres is completed by 
-using repeated sequences derived from other telomeres or from 
_ the internally located poly(CA) tracts at the X-Y’ boundary. 
__ We prefer this model to the one involving template-independent 
= enzymatic addition of poly(CA) because it does not involve an 
_ unknown enzymatic activity and it more easily explains the 
= similarity between the X-Y’ poly(CA) tracts and the tracts added 
= to the ends of Tetrahymena rDNA. In addition, our model 
_ Suggests a role for the X-Y’ poly(CA) sequence as a reservoir 
_ of sequences to allow completion of telomere replication. 
ef _ Although several other models have been proposed in which 
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x# 
_ The recent crystallographic observation of Brzozowski et al.’ 
_ demonstrates the existence of half-oxygenated haemoglobin crys- 
tals. At first sight this seems to imply the discovery of a unique 
= molecule, defined by exactly two bound oxygens. However, the 
¥ formation of crystals with a specific degree of ligation is predicted 
= to occur when two distinct crystalline phases coexist, namely at 
_ the triple point*. It seems likely that the crystals studied by 
_ Brzozowski et al.' were selected from a mixture of T and R 
-Crystalline forms obtained in conditions where the triple point 
_ existed. In general, the equilibria between haemoglobin solid and 
liquid phases are governed by the chemical potential of a control 
ligand and the ligand-binding properties of each phase. We report 
here that a unique situation arises when there are two different 
; crystalline phases, each with characteristic oxygen-binding proper- 
__ ties. One can then predict the existence of a triple point, defined 
_ by a specific oxygen partial pressure, where both solid phases 
coe - At this point the degree of oxygen saturation in each 
solid phase is uniquely specified. These considerations could 
_ explain the specifically ligated crystals found by Brzozowski et al.', 
An early observation by Perutz, cited by Wyman’, notes the 
likelihood of triple-point behaviour. Such effects have recently 
been observed in solubility studies of various human haemo- 
globins*. Binding curves for the crystalline phases allow one to 
_ define the oxygen pressure at the triple point and to predict the 
amount of oxygen bound to the solid T form. Direct measure- 
_ ments of oxygen binding to HbS fibres have been obtained by 
‘Sunshine et al.*. Oxygen-binding curves for the solid phases had 
_ been determined indirectly from a study of the solubility of 
haemoglobin at different oxygen pressures’. In both of these 
- Studies it was found that solid-phase binding is non-cooperative 
and can be described with a single binding constant. 
= We are intereséed in describing the binding of oxygen to 
_ crystals of haemoglobin A (HbA) and thus wish to obtain the 
relation between the degree of oxygen saturation in the crystals 
__ and the oxygen partial pressure. Unligated haemoglobin crystals 
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recombination events are invoked to allow replication of the 


an enzyme that is able to add poly(CA) tracts to the 5’ end of e telomere’, our model is better able to explain the observed 


features of the yeast telomeres. 
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are characterized by the T state and added oxygen will therefore 
initially bind to solid haemoglobin in the T form. The binding 
curve for T-form crystals, determined from the results of Haire 
et al* on haemoglobin A in polyethylene glycol (PEG), is shown 
in Fig. 1. When the oxygen partial pressure reaches that of the 
triple point, a new crystal form (R) appears. The R crystal form 
has a much higher oxygen affinity* than the T form, as shown 
by the binding curve in Fig. 1. Thus, addition of oxygen at the 
triple point causes the conversion of the less oxygenated T-form 
crystals to the more oxygenated R-form crystals to proceed until 
all T-form crystals are eliminated. As the oxygen pressure is 
fixed at the triple point, this conversion process yields the vertical 
line seen between the R and T binding curves. This process is 
entirely analogous to the conversion of ice to liquid water at its 
melting point, where the amount of liquid and solid phases 
depends on the amount of heat added. 

The stability of the R and T solid phases is seen by calculating 
the chemical potentials of the unligated haemoglobin species 
(4m) in the two solid phases as a function of oxygen partial 
pressure. These chemical potentials involve a standard-state 
term for each form (we take the standard-state value for the T 
form to be zero) and the term RTInay where a is the fraction 


1.0 


0.75 


Oxygen saturation 
c 
n 





log O, pressure (torr) 


Fig. 1 Binding curves for oxygen to haemoglobin A in R and T 
crystalline forms. These are single-constant curves with Ky, =0.026 
torr’ and Ky =39 torr! as determined from solubility measure- 
ments in 17.5% PEG at 25°C, pH 7.0, 0.1 M phosphate buffer’. 
The solid line denotes the actual binding behaviour to the solid 
phases and the vertical segment represents the triple-point region. 
Both crystalline forms are present in the triple-point region—note 
that the T form is 58% saturated at this point. 
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Fig. 2 The chemical potentials of the unligated haemoglobin 
tetramers in T and R crystalline forms as a function of the logarithm 
of the oxygen partial pressure. The curves shown are the result of 
calculations using the parameters of Fig. | and assuming that the 
standard-state chemical potential of the T form is zero. 


of unligated haemoglobin in a given solid phase. The difference 

“in the. standard-state values of the chemical potentials for the 

two. phases may be evaluated at the triple point where the 

‘chemical potentials are equal. Figure 2 shows the chemical 

potential of HbA as a function of the logarithm of oxygen 

pressure. The chemical potentials for other species with specific 
oxygen stoichiometry, such as HbO,, Hb(O,),, etc., may be 
obtained by adding the stoichiometrically weighted oxygen 

chemical potential to that of the unligated species. Figure 2 

shows that the T form is the most stable form at oxygen pressures 

below the triple point whereas the R form is the most stable 
form at pressures above the triple point. 

_. The partial pressure of oxygen at the triple point can be 
calculated from the results of Haire ef al.*. This calculation uses 
the condition that both crystalline forms at this point have the 
same solubility, which is determined by the ratio of the binding 

“polynomials for the liquid and solid forms*. The triple point is 
calculated to be 55torr for HbA in these conditions; at this 
pressure the solid T form is 58% saturated and the solid R form 
is 99.9% saturated. The fact that the saturation value calculated 
for the T form at the triple point agrees well with the half- 
saturated T-state crystals found by Brzozowski ef al.', strongly 
suggests that their crystals were obtained at the triple point. 
Their crystallographic information allowed them to specify that 
only the a-chain binding sites were occupied. 

We also wish to point out how the binding curve of solid 
haemoglobin shown in Fig. 1 has a bearing on the likelihood 
of obtaining crystals with a specific degree of ligation. If a liquid 
solution of haemoglobin, saturated anywhere between 58 and 
99.9%, is completely crystallized, the resulting mixture will 
contain crystals of both R and T forms. In these conditions the 
specific degree of oxygenation of the crystals will be 58% for 
the T form and 99.9% for the R form. Thus, a wide range of 

- oxygen saturation in the liquid phase can give rise to a mixture 
of crystals, each with a well defined degree of ligation such as 
those found by Brzozowski et al.'. 

It should be stressed that the location of the triple point and 
thus the corresponding degree of saturation of the R and T 
crystals will in general depend on specific solution conditions 
and on the species or mutant form of haemoglobin. The existence 
of a triple point suggests that there are only two unique crystal- 
line forms for haemoglobin and supports the general features 
of the allosteric mechanism for oxygen binding. 

This work was supported by NIH grant HL22325. 
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Recent studies of crystal growth in the presence of specific additiv: 
have suggested a new approach to the generation ai and amplificati 
of optical activity in initially racemic mixtures’. This approach 
is based on the observation that particular enantiomers can be 
selectively incorporated not only into chiral crystals*” but.a 
into the opposite enantiotopic faces of centrosymmetric cry 
tals***, If one such face of a centrosymmetric crystal is block 
therefore, enantioselective occlusion into the opposite face wil 
remove one enantiomer preferentially from the racemic mixtu 
We report here that this process can take place with centrosy 
metric crystals of glycine, in a way that may be of relevance 
the generation of optical activity during prebiotic evolution, G 
cine crystals float in solution, such that only one face is.available 
for growth. The addition of a particular enantiomer of a hydro- 
phobic amino acid orientates the floating crystals in such a way 
that the face that occludes amino acids of the opposite. chirality 
is exposed to the solution. Thus, a statistical fluctuation in th 
orientation of crystals floating in an initially racemic solution 
could lead to the generation and amplification of optical acti 

When glycine is crystallized from pure aqueous solution, i 
appears in the monoclinic, centrosymmetric a-form’ (space 
group P2,/n; Fig. la) with a bipyramidal morphology* (Fig 
1b). Crystallization in the presence of other, resolved a-amino 
acids of, say, D-configuration yields pyramidal crystals with: 
(010) basal face (Fig. 1c); by symmetry the L-amino acids induc 
an (010) basal face (Fig. 1d). Aqueous solutions of glycin 
containing racemic mixtures of other a-amino acids yield {O10 
crystal plates? (Fig. le). We further demonstrated that 
occlusion during the last process, the a-amino acids segreg 
enantioselectively at the opposite sides of the plate-like erysta 
along the unique b-axis. During growth the D-amino acids, 
amounts of up to 0.3%, are occluded through the (010) fac 
and the L-amino acids are occluded through the enantiotopi 
(010) face, the two faces being related by a centre of inversio 
and a glide plane. This resolution has been explained in term 
of the orientation of the glycine molecules at these faces; onl: 
a D-amino acid molecule can readily substitute glycine. at th 
growing (010) face, and then only certain glycine molecules ca 
do this (shown unshaded in Fig. 1a), because in such a substitu 
tion the side chain of the D-amino acid would emerge out © 
this face (in the glycine C-H, direction). The adsorption of a 
L-amino acid at the same site is precluded because its side c 
would have to lie on the crystal surface (in the C-H, direction 
and this would involve overwhelming steric hindrance. The othe: 
glycine molecules at this face (shown shaded in Fig. 1a), whic! 
are related to the abovementioned (unshaded) set by a centr 
of inversion, cannot be replaced by either D- or L-amino acids. 
for that would entail penetration of the amino acid side chai 
into the crystal. On symmetry grounds we conclude that onl 
an a-amino acid molecule of L-configuration can be adsorbe 
at the (010) face’. 

The above results suggest that if one of the {010} (that i 
(010) or (010)] faces of a single glycine crystal is blocked duri 
growth, the crystal will occlude exclusively the appropriate 
enantiomer through the other, exposed face. If one starts w 
a racemic mixture of amino acids, such a process should result” 
in their net resolution, one enantiomer being occluded in the 
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Fig. 1 a, The packing arrangement of a-glycine 


Ha 210. i viewed along the a axis. The molecules of glycine 
A pa ! adopt an asymmetrica! configuration in the crystal; 
k i a ay j the hydrogens H, (pro-S configuration) of the 
eoar pew Apa yae Aae age | shaded set of molecules emerge at the (010) face, 
hag + ot} pe poe! eae he whereas the H, atoms (pro-R)-of the unshaded set 
4 dee Set $e da E ee emerge at the (010) face. be, Morphologies of a- 
mg 4 | glycine crystals. b, Pure a-glycine crystal grown from 
a +. an. an. an. | water (4.4M); c, glycine grown in the presence of 
v > D-a-amino acids; d, glycine grown in the presence 
‘ of L-a-amino acids; e, glycine grown in the presence 

“O10” Me of D,L-a-amino acids. 



















crystal, with the solution becoming relatively enriched in the 
other. In the present context, blocking is achieved by growing 
a single crystal of glycine at an interface, such as water/air or 
water/glass, taking advantage of the fact that affected glycine 
crystal plates (density 1.16 g.cm™*) have a tendency to float with 
one of their {010} faces exposed to air. Glycine was therefore 
grown in the presence of racemic mixtures of various amino 
acids and the resulting plate-like single crystals floating at the 
surface or lying on the glass bottom were analysed by HPLC 
for the enantiomeric content of the occluded additive’. Table 


Table 1 Orientation of floating glycine crystals and enantiomeric excess of occluded additives in some typical experiments 












































Additive 
(% wt/wt of glycine) 


D, L-Leu (1-2) 
D, L-Val (1-3) 


D, L-Val (0.5— 1) +p, L-Leu (0.5-1) 


D, L-Val (1) +D, L-Leu (1) +b, L-Glu (1) 
D, L-Leu (1) +p, L-His (1) 


D, L-Phe (0.5) 


D-Leu (1-3) 
L-Leu (1-3) 


D-Ala (1-5) 


L-Ala (1-5). * “ 


rD-keu (1) +46Gla (1) w 

L-Leu (1+ p-Glu (1) 

D-Leu (1-3) +1-Ala (1-3) 

D-Leéu (1) +4-Lys (1) 

5: L-a@-aminobutyric acid (1) +D-Ser (1) 
i Lea-aminobutyric acid. (1) +p-Ala (1) 
Phe (1-1.5) +p-Ala (1-3) 
D-Phenylglycine (1) +1L-Ala (1) 
D-Phe (1-2) +L-Ala (1-3) 


D-Ala-(1-2)+L-His (1-2) 
D-Ala, (3) +1-Ser (3) 


p-Ser (1-2)+L-His (1-2) 


p-Lew (1) +p, L-Glu (3) 
L-Leu (143) +p, L-Glu (1-3) 
bD-Leu (1-3) +D, L-Ser (1-3) 
“te Leu-(1) +p, L-Tyr (1) 
L-Phe (0.5) ¢D, L-Glu (3) 


D-Leu (3) +, L-His (1.5) +L-Asp (1.5) +b, L-Glu (1.5) 
-L-Leu (1) +D, L-phPG (0.5) +b, 1-Met (0.5) +p, L-Glu (1) 
B-Leu (1)— D, L-pHPG (0.5) +p, L-met (0.5) +p, L-Glu (1) 






Crystal 
orientation 
No. of (face 
crystals exposed % Enantiomeric excess 
checked to air) of occluded enantiomers 
10 (010) 98 L-Leu 
15 (010) 97 p-Leu 
15 (010) 95-100 L-Val 
13 (010) 100 p-Val 
5 (010) 100 L-Val +100 L-Leu 
5 (010) 100 D-Val + 100 D-Leu 
4 (010) 100 D-Val+ 100 D-Leu +100 D-Glu 
4 (010) 100 L-Leu +100 L-His 
{ 5 (010) 100 L-Phe 
5 (010) 100 p-Phe 
30 (010) Pyramids ~ 
30 (010) Pyramids pas 


(010) Pyramids 
30 (010) Plates — 
{ (010) Pyramids 


30 (010) Plates ~ 
4 (010) 100 L-Glu only 
4 (010) 100 D-Glu only 
10 (010) -l 
12 (010) = 
5 (010) — 
5 (010) — 
10 (010) _ 
4 (010) — 
12 (010) a 
14 (010) 
17 (010) = 
12 (010) 
15 (010) i. 
13 { (010) 
14 (010) ad 
10 (010) 100 -Glu only 
30 (O10) 100 p-Glu only 
30 (010) — 
4 (010) 100 D-Tyr 
30 (010) — 
10 (010) 100 L-His, 100 L-Asp, 100.L-Glu 
12 (010) 100 p-pHPG, 100 p-Met, 100 p-Glu 


16 (O10) >95:L-pHPG, 100 L-Met, >95-L-Glu. - 
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Fig. 2 Plate- and pyramid-shaped crystals of glycine grown in 
the presence of: a, hydrophobic D-amino acids; b, hydrophilic . 
D-amino acids, c, D-leucine +hydrophilic L-amino acids. 
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Fig.3 a, Plate-like crystals of glycine floating at an air/water interface, as grown from a water solution (4.4 M) containing racemic 1% wt/wt 
D, L-Leu and 1% wt/wt D, L-Val. The crystals display both enantiomorphic morphologies. b, HPLC analysis of crystals of glycine grown as g 


in a with their (010) face exposed to air, after washing with water. Conditions used: reversed-phase column (25 cm x 4.5 mm) self-packed with 
Sum Nucleosil C, (Machery Nagel). Mobile phase composition: aqueous solution of cupric acetate (4 mM) and N,N-dipropyl-L-Ala 
(8 mM) +7% acetonitrile, at pH 5.3-5.5 (ref. 10); post-column derivatization with o-phthalaldehyde and mercaptoethanol and fluorescence 
detection; flow rate 0.4 cm? min™', sensitivities (S) as indicated'’. c, HPLC analysis of glycine crystals grown as in a with their (010) face 
exposed to air, after washing with water. Conditions as in b. d, Plate-like crystals of glycine floating at an air/water interface, grown in the 
presence of 1% wt/wt L-Leu and racemic p-hydroxyphenylglycine (0.5% wt/wt), racemic Glu (1%) and racemic Met (0.5% ). All the crystals 
float with their (010) face exposed to air and exhibit the same enantiomorphous morphology. e, HPLC analysis of the enantiomers of 
p-hydroxyphenylglycine (pHPG), Glu, Met and Leu occluded inside the crystals of glycine grown as in d. Only the p-enantiomers of pHPG, 
Glu and Met are found. Conditions: mobile phase without acetonitrile, flow rate 0.4 cm’ min`’. In conditions in which blanks record Leu as 
low as 1X 107*% of Gly, no L-Leu was detected. f, A crystalline crust of glycine grown at an air/water interface. The water solution (4.4 M) 
contains 1% wt/wt L-Leu and 3% wt/wt D, L-Glu. g, HPLC analysis of the crust formed by glycine crystals as shown in f, indicating an 
enantiomeric excess of 70% of occluded p-Glu, Conditions: mobile phase without acetonitrile, flow rate 0.5 cm? min`’. 
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I (lines 1-6) summarizes some typical results. Over 500 experi- ent in excess in the water solution would, then, have preferen- 
ments showed that, as expected, the D-amino acids were incor- @ tially directed new floating crystals with their (010) faces 
_ porated only into those floating glycine crystals whose (010) upwards and these in turn would, during growth, have occluded 
_ faces were exposed to the water solution, while the L-amino only L-amino acids from the solution, thus leading to further 
_ acids are incorporated only into the crystals with exposed (010) D-enantiomer enrichment of the solution. 
faces (Fig. 2a—c). HPLC analysis of plates grown on the glass We are now investigating the detailed mechanism of the 
_ bottoms showed similar resolution, albeit with a lower enan- orientating effect as well as the minimum enrichment required 
_ tiomeric excess. to trigger amplification. Preliminary studies using Leu as an 
= Without an amplification mechanism, it is unlikely that a additive have shown that a D/L-Leu mole ratio as low as 55:45, 
_ systematic net resolution of the a-amino acid additives would with a total Leu concentration in the range 2.0-2.2% wt/wt of 
be obtained from crystals grown in this way in a closed system. glycine, results in an assembly of perfectly orientated floating, 
If, on the other hand, a-amino acids which have been partially plate-like crystals of glycine. 
= resolved in the first random crystallization are able to induce The principles applied here may be extended to oligopeptides 
= correct orientation in the subsequent flotation of further glycine and to other organic and inorganic materials, provided they 
£ ri crystals, asymmetry may be both preserved and amplified. To exhibit the appropriate crystal point symmetry and also develop 
test this idea, we investigated the ability of resolved a-amino enantiotopic faces capable of interacting selectively with D- and 
acids to orient glycine crystals at water-air interfaces (see Table L-enantiomers. 


__ I legend for the specific conditions for the experiments given be- We thank the Petroleum Research Fund administered by the 
_ low). In these conditions the results were fully reproducible. American Chemical Society and the US/Israel Binational 
-We found that resolved hydrophobic a-amino acid additives Science Foundation, Jerusalem, for financial support. 

such as Leu, Phe, Phe-Gly and a-aminobutyric acid of, say, Received 25 January; accepted 11 April 1984. 
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_ D-configuration, have indeed a pronounced orientating effect; 
these additives induced the formation of pyramidal crystals all 
_ floating with their well developed (010) faces directed upwards 
(Table 1, lines 7, 8). On the other hand, in the presence of these 
_ same additives, crystals of two distinct habits were found on 
_ the glass bottom of the vessel—pyramids lying on their (010) 
_ face and plates lying on their (010) face (Fig. 2a)—indicating . Albrecht, G. k Garir, RB. 1 Beacham GOEN ORTA ciao 
_ that there is no orientating effect here. Furthermore, in the . Weinstein, S. Angew. Chem. 24, 218 (1982). i 
_ presence of resolved alanine or other more hydrophilic amino SS 
acids, both plate-like and pyramidal floating crystals were Erratum 
obtained in the given range of additive concentrations (Fig. 2b 
and Table 1, lines 9, 10). Combinations of D-Leu and L-Ala (or Characterization of DNA sequences through 
-L hydrophilic amino acids) in equal concentrations yielded, which cadmium and glucocorticoid 


without exception, parallelepipeds floating with their (010) faces ° š è 
pointing upwards (Fig. 2c and Table 1, lines 11-19). A similar POrmones induce human metallothionein-II, gene 


~ effect was found at a water/hexane interface. Finally, combina- Michael Karin et al. Nature 308, 513-519 (1984) 
_ tions of non-hydrophobic amino acids, (for example, D-Ala and 
= L-Glu or L-Ser) did not lead to preferential orientation of the 
_ floating plate-like crystals (Table 1, lines 20-22). The absolute 
orientations of the floating crystals, that is, (010) or (010) direc- 
ted upwards*, were established by visual observation: their mor- 
_ phology is such that the two enantiomorphic habits are not 
_ superimposable in the plane of the interface (Fig. 3a, d, f ). The 
= assignments were verified by X-ray diffractometry on several 
= Crystals from each batch. According to HPLC analysis of the 
above crystals, only minute amounts of the orientating hydro- 
_ phobic additives are occluded through the upward-pointing face. 
This result indicates that the orientation of the floating crystals 

occurs at a very early stage of growth. 
__ Based on the above findings, a novel induced resolution of 
__ a@-amino acids was then performed by crystallization of glycine 
_ in the presence of, for example, L-Leu and mixtures of other 
~ (D, L) amino acids (Table 1, lines 23-30). The floating crystals 
(Fig. 3d) were obtained with their (010) faces directed upwards, 
= as deduced by X-ray diffractometry, and, as shown by HPLC 
= analysis, occluded exclusively the D-amino acids through the 
_ exposed, growing (010) face; a typical chromatogram is depicted 
_ in Fig. 3e. Furthermore, even in conditions where polycrystalline 
J crusts of glycine were formed (Fig. 3f), resolution occurred 
with an enantiomeric excess higher than 70% (Fig. 3g) in the 

= examples studied. 

__ The above experiments provide a simple model for the gener- 
_ ation and amplification of optically active amino acids in pre- 
__ biotic conditions. Consider, for example, that the first crystalliz- 
_ ation of glycine from the evolutionary ‘soup’ gave a crystal 
za floating with its (010) face directed, by chance, upwards. Thus, 
the (010) face grew in contact with the solution containing 
= racemic mixture$ of a-amino acids. During that process the 
= Crystal would have occluded the L-amino acids exclusively and 
p thus the water solution would have been enriched in the corre- 
= Sponding D-enantiomers. The hydrophobic D-amino acids pres- 
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IN Fig. Sa, the footprint due to receptor binding was not evident 
because a poor original was reproduced darkly. The figure is 
reproduced correctly below. The strong receptor footprint 
between —265 and —245, as well as the weak footprint around 
—324, are clearly visible. 
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Cold Gondwana, warm Tethys 
and the Tibetan Lhasa block 


ALLEGRE ET AL.' suggest that there is a 
climatic and hence palaeolatitude paradox 
implied by late Carboniferous glacial 
deposits and early Permian warm Cathay- 
sian floras, both being present in the Lhasa 
block of southern Tibet. To account for 
this paradox they claim that, if it formed 
part of Carboniferous Gondwanaland, the 


_ Lhasa block must have detached in the 


early Permian. 

Allègre et al.' also question, without 
offering evidence, the interpretation of the 
Carboniferous Damxung-Linzhu pebbly 
slates as tillites. I have never seen these 
deposits but it seems significant that in 
many of these Asian blocks proposed as 
parts of eastern Gondwanaland“, pebbly 
mudstone facies of late Carboniferous age 
have been identified and interpreted as 
glacial marine diamictites (Fig. 1). 
Cameron et al? explain the lithological 
characteristics of these pebbly mudstone 
deposits by the reworking and turbiditic 
redeposition of ice-rafted sub-glacial or 


_ fluvioglacial debris. They explain the pres- 


ence of limestone with warm water faunas 
towards the top of the ‘pebbly mudstone’ 
by an amelioration of the climate. 
However, Smith et al* show that Aus- 
tralian Gondwanaland moved closer to the 
South Pole from mid-Carboniferous to 
early Permian times, which would not 
favour climatic amelioration of eastern 
Gondwanaland. 

The explanation of the climatic paradox 
may be that during mid-Carboniferous 
times southern Tibet was well within 
(<600 km) the cold continent of eastern 
Gondwanaland. By the postulated 
removal of central Tibet and Indochina?, 
the Lhasa block became, in early Permian 


- times, part of the newly rifted continental 


margin of Gondwanaland, suddenly 
invaded by the warm waters of the new 
ocean, Tethys II, that was spreading across 
the early Permian tropics. 

The postulated rifting of southern Tibet 
from Gondwanaland in the mid-Jurassic 
(Fig. 1) correlates with the evolution of 
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Fig. 1 Correlation of the late Carboniferous marine glacial pebbly mudstones (diamictites) 


of the eastern part of greater Gondwanaland. The qualitative reconstruction is based on the — 


Antarctic-India—Australia assembly of ref. 4, Present coastlines or outlines are for reference 


only. The 
modified by tectonic deformation’ since 


shapes of the Asian fragments originating in greater Gondwanaland have been 
they left Gondwanaland. The original shapes have 


not been reconstructed here but some allowance for crustal shortening has been made. Late 

Carboniferous marine glacial diamictite data for Sumatra, Malaya, Thailand, Burma, New 

South Wales, High Himalayas are from ref. 3. Oman glacial marine diamictites are plotted 

from ref. 8. The western Salt Range diamictites described by Teichert” may be early Permian 

rather than late Carboniferous. Location of Pacifica and late Carboniferous to Permian and 

late Triassic rifting are after ref. 2, Jurassic rifting after ref. 5. Early Cretaceous rifting and 
latitudes are plotted after ref. 4. 


the north-west Australia margin’. Using 
the late Cretaceous palaeolatitude of 15°N 
for the Lhasa block, proposed by Allégre 
et al.', implies a spreading rate of 
~7 cm"! yr for 50 Myr if the Lhasa block 
were rifted from north-west Australia 
(~15°S) in the mid-Jurassic (170 Myr). 
That spreading rate compares closely with 
India following a similar path at 
10cmyr’' for the first 30Myr then 
Scmyr' for the next 40 Myr (ref. 6). 


M. G. AUDLEY-CHARLES 
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University College London, 
Gower Street, 

London WCIE 6BT, UK 


ALLEGRE ET AL. REPLY—Audley- 
Charles has commented on two distinct 
aspects of our paper: the Carboniferous 
versus Permian climatic paradox and the 
late (late Jurassic) rifting of the Southern 


Tibet (Lhasa) block. Before answering 
these comments, we should point out that 
the hard core of our observations’ con- 
cerned the central and southern parts of 


the Lhasa block for periods, in general, 





after the late Jurassic. Thus Audley- 


Charles has focused on that part of our — 


data which, both in space and time, cer- 
tainly needs further study. 

Yet, several lines of evidence strongly 
argue against a late drift of the Lhasa 
block: (1) The Rhaetian (~200 Myr) flora 


of the Linzhu basin is identical to the — 


Rhaetian flora from Laurasia and quite 
distinct from the coeval Gondwanian 
flora. (2) The ammonoid fauna from the 
Upper Anisian (~220 Myr) from the Lhasa 


block seem to be related more closely to. 
those of the European Alps than to those — 


of the Himalayas*. (3) The Bangong- 
Nujiang suture zone which separates 
southern Tibet (Lhasa block) from north- 
ern Tibet (Quantang block) is probably of 
mid-Jurassic age, as indicated by low- 




























he U-Pb method on sphenes’. This is 
consistent with the uppermost Jurassic- 
lowermost Cretaceous age of the subaerial 
to shallow marine sediments which uncon- 
formably overly the Dongqiao ophiolites*. 
In addition, Jurassic radiolaria have been 
found in these ophiolites’. Finally, the 
ages of granites associated with this suture 
range from Upper Jurassic to Lower 
Cretaceous’. Thus, the Lhasa block must 
have been accreted to Eurasia before the 
end of the Jurassic and, if its origin is to 
be sought amidst austral continents, its 
Separation from Gondwana must have 
een considerably older. This is also indi- 
cated by combining the palaeomagnetic 
results and the ages discussed here, along 
he lines. of reasoning in Audley-Charles’ 
_ last paragraph. 
~The Palaeozoic history of the Lhasa 
block is still very poorly known. Indeed, 
ne must explain the simultaneous occur- 
ence of Carboniferous pebbly slates and 
Permian Cathaysian flora, in an associ- 
tion which is strongly suggestive of that 
described in northern Tibet’®. The 
cautionary note in our paper’ was due to 
he fact that the interpretation of pebbly 


grade region I metamorphism dated using 





slates found in southeastern Asia is con- 


troversial, particulatly regarding those 
found in the Phuket Group. They have 
been interpreted as rift infill’, as tillites or, 
as suggested by Cameron et al.'°, as the 
consequence of reworking and turbiditic 
redeposition of inrafted subglacial or 
fluvioglacial debris. On the other hand, 
one must recall that the Cathaysian flora 
is traditionally interpreted as being typical 
of an equatorial climate, indicative of a 
long period of optimal climate between 
the Carboniferous and the Permian. 
Audley-Charles’ interpretation implies a 
progressive change of flora from the South 
Pole to the northern margin of Gondwana. 
However, this appears to be contradicted 
by the discovery of typical Gondwanian 
flora in the Himalayan Tibet’! which 
according to Audley-Charles’ reconstruc- 
tion was only about 10°S of the Permo- 
Carboniferous Lhasa block. Actually, the 
sole action of warming invoked by Audley- 
Charles can be replaced or complemented 
by an early northward migration of the 
Lhasa block. 

The description of Permian brachiopod 
fauna, which are identical in Australia, 
western Thailand and New Guinea, argues 





























Oxygen isotope ratios in plants 


AN the comprehensive account of their 
work, Férstel and Hiitzen’ state that the 
different isotope ratios in leaves and fruits 
on the grape vine are due to their different 
rates of exchange with the atmosphere. 
They state that this exchange is more rapid 
in the leaf than the grape because the leaf 
has a much greater surface area per unit 
volume of water. However, gaseous 
exchange only occurs within the leaf 
between the cells of the spongy tissues 
where the anatomical structure is adapted 
for this purpose, and the grape is not so 
adapted’. The leaf has internal airways 
with walls that are always wet, allowing 
gaseous exchange; they do not possess the 
waxed and cutinized surfaces found on 





Matters Arising 


atters Arising is meant as a vehicle 
for comment and discussion about 
papers that appear in Nature. The 
Originator of a Matters Arising 
contribution should initially send his 
_ manuscript to the author of the ori- 
ginal paper and both parties should, 
“wherever possible, agree on what is to 
be submitted. Neither contribution 
i nor reply (if one is necessary) should 
be longer than 500 words and the 
briefest of repijes, to the effect that a 

| point is taken, should be considered. 








the exterior of the leaf and fruit. There is 
no measurable exchange through the outer 
surface of the mature leaves and fruits— 
this has been proved by blocking the sto- 
matal pores of the leaves, thus stopping 
transpiration, etc. 

The fruits receive food (sugars dissolved 
in leaf water) from the leaves via the 
phloem. In transit, and in the grape itself, 
this leaf water mixes with the stem water 
transporting nutrient minerals from the 
soil through the xylem, thus the final 
isotope value in the fruit is lower than the 
average diurnal value of the leaf water 
(Fig. 2 of ref. 1). 


R. PARR 
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FORSTEL REPLIES—The idea that gas- 
eous exchange only occurs inside the leaf 
is not sufficient to describe the fraction- 
ation of H3°O and H}°O between the leaf 
water and water vapour of the surrounding 
air. If one takes into account merely inter- 
nal processes in the leaf, only a simple 
phase transition from the wet cell walls to 
a water vapour-saturated gas space must 
be assumed. The diurnal variation of the 
relative air humidity surrounding the leaf 
exterior cannot be expected to have any 
effect, as has been observed'. On the other 


strongly for a close geographical connec- 
tion of the three land masses at the time. 
On the other hand, available data of Per- 
mian fauna from the Lhasa block rather 
favour the hypothesis of an early north- 
ward migration of the block. 


CLAUDE J. ALLEGRE ET AL. 


Laboratoire de Geochimie 
et Cosmochimie, 
Universités de Paris 6 et 7, 
4 Place Jussieu, 75230 
Paris Cedex 05, France 


» Allegre, C. J, er al. Nature 307, 17-22 (1984), 

. Gu Quingge, He Guoxiang & Wang Yigang Paleontol, 
Sinica 355--356 (1982). 

3. Xu, R-H et al J. Geol. (submitted), 

4. Girardeau, J. et al. Nature 307, 27~31 (1984). 

. Wang Naiwen in Résultats de la coopération franco-chinoise 
au Tibet (mission 1980) (eds Mercier, J. L. & Li 
Guangqgin) (CNRS, Paris, in the press). 

6. Achache, J, Courtillot, V. & Zhou Yaoxin, J. geaphys, Res, 
(in the press). 

7. Bally, A. W. et al U.S. geol. Surv. Open File Rep. 80-501 
(1980). 

8. Norin, E. Sino-Swedish Expedition Pubi, 29 (Aktiebolaget 
Thule, Stockholm, 1946). 

9. Ridd, M. F. Nature 234, 531-533 (1946), 

10. Cameron, N. R. ef al Proc, Indones, petrol, Ass. 9th a. 
Convenin, 149-187 (Indonesian Petrology Association, 
Jakarta, 1980). 

11. Hsü, J. Scient. Geol, Sinica 10, 323-331 (1978). 


pio 


wv 


hand, tracer experiments using enriched 
water showed that the label from the root 
zone is transported unaltered through the 
stem and the stalk’; dilution occurs only 
in the leaves. Finally, the steady-state 
tracer concentration in the leaves lies 
between the '*O content of the water from 
the roots and that of the air humidity. 

The supply of sugar from the leaves to 
the fruits is an active process which does 
not depend on the movement of water. 
There may be a continuous dilution of the 
water in the fruit by the inflow of water 
from the stem or stalk, but the enrichment 
of H3°O (compared with H}°O) must be 
largely due to a water/vapour phase 
transition between the liquid in the fruit 
and the surrounding air. Fluid, which 
moves via the phloem, is diluted rapidly 
by the root-leaf water flow down to the 
groundwater level. We have not experi- 
mentally observed any influence from an 
internal leaf—fruit water cycle. Rather, the 
following conclusion must be valid: the 
H;*O content of grapes remains constant 
because of the small surface/volume ratio 
of the fruits, in contrast to the leaves where 
the H3°O content changes quickly during 
the day. The H}8O content of fruit water 
cannot be due solely to the water supply 
via the xylem. 
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5 Science and Creationism. Edited by Ashley Montagu. 
Oxford University Press: 1984. Pp.415. Hbk £22; pbk $9.95. 





On 5 January 1982, William Overton, 
justice in the Eastern Arkansas district of 
the United States District Court, delivered 
his decision in the case of Maclean versus 
the Arkansas Board of Education: ‘‘The 
relief prayed for is granted”. So ended 
another phase in the long history of con- 
troversy about evolutionary biology and its 
place in science education. The attempt to 

”: introduce so-called ‘‘Creation science” in- 
to the American high-school biology curri- 
culum by law foundered on the rock of 
Overton’s decision. Much relieved, the 

> prominent scientists who had led the resist- 
ance could return to work. 

‘Two years and several volumes later, we 
have a new anthology, with nineteen ar- 
ticles, an editorial introduction and a 
historical preface. It is natural to wonder 
whether there is a niche for Ashley Mon- 
tagu’s collection to fill. True, Montagu 
reprints several pieces that are worth read- 
ing: Overton’s decision, Roger Lewin’s ac- 
count of the notorious Arkansas Act 590 

. _ (which serves as the historical preface), and 

-popular articles by Stephen Jay Gould and 
Isaac Asimov. It also contains some amus- 
ing celebrations of the great victory in 
Little Rock (by Michael Ruse and Gene 
Lyons, respectively). Yet, the question re- 
mains: is there a need for another volume 
on Creationism? 

In my judgement, the answer is “Yes”. 
Opposition to evolution. and to the teach- 
ing of evolution continues in the United 
States, its traditional haven, and the In- 
stitute for Creation Research periodically 
claims that it is making headway elsewhere 
(notably in Britain and Scandinavia). Crea- 
tionists seem to have returned to their 
favourite tactics —- ambushes of local 
educators and assaults on textbook 

., publishers. Until there is a body of litera- 
<. ture that makes clear to those who make 
“educational decisions, and to the public 
they represent, the magnificent accom- 
plishment of Darwin and his successors, we 
shall need people to write about Creation- 
ism. Any anthology that promotes broad 
understanding of the overwhelming evi- 
dence for evolution and the blunders, dis- 
tortions and pretences of ‘‘Creation 
science” should be welcome. 
Unfortunately, Montagu’s anthology 
fails to respond to the genuine need. It 
is a curious mixture. Relatively technical 
articles sit cheek-by-jowl with popular 
pieces, historical narratives are joined with 
sociological speculations and personal 
iniscences. But it would be wrong to 
ik of the book as a multi-faceted 
unt, combining the insights of many 


















disciplines in a systematic way. There is 
nothing systematic about it. What we have 
is a loose collection of essays that do not 
gain through juxtaposition. 

Still, the volume contains some good 
material. Besides the essays to which I have 
already referred, there is a characteristical- 
ly informative introduction by Montagu 





What was at stake in Little Rock? 


The principal requirement of Act 590, 
passed by the Arkansas State Legislature in 
March 1981 and declared to be uncon- 
stitutional in January 1982 because it 
violated the separation of church and state, 
was that: ‘‘public schools within this state 
shall give balanced treatment to creation- 
science and to evolution-science. Balanced 
treatment of these two models shall be 
given in classroom lectures and in textbook 
materials taken as a whole for each course, 
and in library materials and other 
educational programs’’. 

“Creation science’? was defined as the 
scientific evidence for creation, and 
inferences from that evidence, indicating: 
@ Sudden creation of the Universe, energy 
and life from nothing. 

@ The insufficiency of mutation and 
natural selection in bringing about 
development of all living kinds from a 
single organism. 

@ Changes only within fixed limits of 
originally-created kinds of plants and 
animals. 

@ Separate ancestry for man and apes. 

è Explanation of the Earth’s geology by 
catastrophism, including the occurrence of 
a worldwide flood. 

@A relatively recent inception of the 
Earth and living kinds. 





and a brief, but intriguing, article by Gun- 
ther Stent, who argues that Creationism 
may do some good if it trims the excesses of 
“‘hyperevolutionism’’, represented most 
prominently by trends in human socio- 
biology. Two of the most diligent anti- 
Creationists contribute excellent essays. 
Laurie Godfrey’s article (a revised version 
of a piece that originally appeared in 
Natural History) provides a lucid exposé of 
Creationist scavenging. Godfrey demon- 
strates how the words of scientists are rip- 


ped out of context and hammered into 


weapons that Creationists can use in 
debate, Even more valuable is Kenneth 
Miller’s patient and comprehensive reply 
to Creationist arguments about radio- 
metric dating and the character of the fossil 


















































record. Those who pray for public under- 
standing of the Creation-evolution. con- 
troversy could hardly ask for more than 
that Miller’s article will be widely read. Its 
remarkable clarity should enable anyoneto 
appreciate the important points at issue — 
and should show the scientific com- 
munity how to take on the Creationists and 
win. 

However unsystematic, an antholog 
whose articles were all of such calibre 
would be worth reading. This is not the case 
with the present collection. Indeed, som 
of the articles in it are likely to provide gti 
for Creationist mills. Robert Roo’ 
Bernstein tries to resolve the Creationis 
controversy with some muddled phil 
sophy of science, apparently fashion 
from trying to synthesize incompatibl 
points of view. Kenneth Boulding ad 
dresses the difficult issues surrounding th 
compatibility of evolution and theism, bu 
the conclusions he is led to in his speculs 
tive explorations are hardly likely to satisf 
those theists who take their science serious 
ly. Beverly Halstead has a shorter way witl 
such questions. Creationists will havi 
field day with Halstead’s blunt professior 
of scientific atheism and. atheistic science 
The pity of it is that the methodological an 
theological questions are indeed central t 
the Creation-evolution controversy. -f 
dealing with them in so amateurish.: 
fashion, this anthology does them and th 
scientific community a disservice. : 

One other article deserves special men 
tion, Sydney Fox’s detailed and technical 
review of “origin of life” experiments 
Those readers for whom Gould, Asim 
Miller, Godfrey and many of the other 
write, will find this article impenetrable 
Nonetheless, by showing in detail what cai 
be achieved in the synthesis of biologicall 
significant molecules, Fox disposes of : 
source of familiar Creationist objections 
Yet we ought to ask if this is the right kin 
of response. Evolutionary theory is surel 
stronger today because of ingenious experi 
ments in Florida and careful excavations in. 
East Africa. But the theory has been taught . 
in schools around the world fora long time 
and it has been right to teach it because o 
the strength of the long-standing evidenc 
in its favour. It is surely wrong to think o 
Fox and Leakey as shoring up a totterin 
edifice. ; 

Perhaps the public needs less informa 
tion about current research and mor 
straightforward exposition of the reason 
why Biblical Creationism was rejected lon 
before Darwin and why Darwin and hi 
contemporaries accepted descent wit 
modification. Some of the contributors t 
this volume begin the necessary work, bu 
to carry it out effectively would require 
much more disciplined book. me 
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Number Theory: An Approach through 
History from Hammurapi to Legendre. 
By André Weil. 
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YEARS ago books on the history of mathe- 
matics, especially those addressed to the 
general public, were written by second-rate 
mathematicians who had turned them- 
selves into something less than second-rate 
historians. More recently things have 
improved greatly and there are first-rate 
historians producing works of real scholar- 
šhip. 

André Weil's Number Theory is dif- 
ferent again and even better. For here is a 
great mathematician, who has had, as it 
happens, a lifelong interest in the history of 
his subject, writing on the history of that 
branch of it for which he is most famous. 
e does so, moreover, in a most scholarly 
way and yet making the material available, 
not perhaps to the ‘‘educated reader’? who 
is to get from this an initiation into number 
theory, as the author suggests, but at least 
to those whose mathematical knowledge is 
no more than is common to scientists, and 
who know no number theory. The material 
gathered together here was originally 
presented as lectures at the Princeton In- 
titute for Advanced Study. 

The book’s title is accurate yet mislead- 
ing. The first chapter surveys the first 32 
centuries in as many pages, ending with the 
material available to Fermat (Euclid, 
Bachet’s Diophantus and Viéte’s Diophan- 
tus). The extent of the mathematical learn- 
ing of the author is clear: 


„Fermat. . . goes on to assign the work of Viète 
to ‘geometry’ and classifies that of Diophantus 
‘as ‘close to geometry’. From our modern point 
-of view, things look somewhat differently. 
irstly, since so much of Diophantus, and even 
ore of Viète, remains valid over arbitrary 
fields, we would classify this primarily as alge- 
bra... there is much in Diophantus and in 
Miéte’s Zetetica, which in our view pertains to 
igebraic geometry. 


his sets the tone for the book. There is no 
ruck with the purist tradition in the history 
f ideas that holds that the past must never 
ve seen through the spectacles of the 
present. The history is told through its con- 
sequences for later number theory and for 
lgebraic geometry. 

The main part of the book comes in the 
ext two chapters, one on Fermat and one 
mi Euler. Fermat is seen as occupied 
initially with elementary problems of divis- 
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sums of squares, but coming at the end to 
much deeper Diophantine problems, 
essentially to the unit of a real quadratic 
field. Weil says that ‘‘A substantial part of 
Euler’s arithmetical work consisted in no 
more, and no less, than getting proofs for 
Fermat’s statements ...’’, but, in this 
context, shows in his next chapter with 
what depth and forward-looking intuition 
Euler considered the multiplicative group 
of integers modulo N, elliptic integrals, 
continued fractions, the zeta-function and 
prime divisors of quadratic forms. Here the 
history is full and careful, and ‘‘Fermat’s 
legacy” is traced through Euler down to 
Mordell in 1922. Each chapter has appen- 
dices giving mathematical background. 
The account of Fermat has one on 
Euclidean quadratic fields, on curves of 
genus 1 in projective spaces, on Fermat’s 
double equations as space quartics and on 
his method of descent and Mordell’s 
theorem. Similarly, the Euler chapter is 
followed by notes on quadratic reciprocity, 


a proof from 1912 that every integer is the 
sum of (at most four) squares and the 
addition theorem for elliptic curves. 

There is a final short chapter on 
Lagrange and Legendre, followed by 
appendices on Hasse’s principle for 
Ternary Quadratic Forms, on a proof of 
Legendre about binary quadratic forms 
and a proof of Lagrange about indefinite 
binary quadratic forms. The final word 
about this stimulating book should come 
from the second appendix to the chapter on 
Euler: Weil notes that the 1912 proof about 
sums of squares would have been easily 
understood by Euler, and 


perhaps with a little more effort by Fermat, 
whose algebraic skills still fell somewhat short of 
the required level. That it was discovered so late 
may serve as an encouragement to those who 
seek elementary proofs for supposedly sophisti- 
cated results. a 





C. W. Kilmister is Professor of Mathematics at 
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A New Ecology: Novel Approaches to 
Interactive Systems. 
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A New Ecology brings together the 
thoughts of a group of voluble and 
enthusiastic American ecologists, plus 
some from John Lawton of the University 
of York, divided into sections covering 
resources and populations, life history 
strategies, ecology and social behaviour, 
and organization of communities, with a 
concluding ‘‘Synthesis’’. There are details 
of several admirable long-term studies (for 
example Whitham et al, on plants as 
genetic mosaics, Frankie and Morgan on 
oak galls, Lawton on bracken insects, 
Dayton and Tegner on kelp beds and sea 
urchins), while Wilbur describes some 
exemplary field experiments on tadpoles 
and their predators. 

Most of the contributors express dis- 
satisfaction with current ecological theory, 
and with competition theory in particular 
(although a dissenting voice is raised in 
Colwell’s entertaining essay). But it strikes 
me that the authors have argued themselves 
into a corner by placing herbivorous insects 
at the centre of their view of ecosystems — 
the world is green, and ecosystems in fact 
consist of resource-limited plants, enemy- 
regulated insect herbivores, and food- 
limited natural enemies and decomposers. 
Despite its naivety, and a wealth of 
counter-examples, this generalization is as 
good as most in ecology. It certainly allows 
us to say that the last place one would look 
for competition as the dominant force in 





the structure and dynamics of communities 
is amongst the insect herbivores. If the 
emphasis were on plant populations, or on 
vertebrate herbivores or decomposer 
species, then surely the authors’ 
reservations about competition theory 
would be less vehement. 

The book is much stronger when des- 
cribing field ecology than when dealing 
with “the appliance of science”. Clearly 
these are authors with a mission for the im- 
provement of (other people’s?) science, 
and a certain fervour pervades the opening 
chapter and several of the discussions. The 
insistence on scientific rigour is refreshing, 
but the impact is diluted by a matronly and 
rather self-righteous tone. Overall, the 
style of presentation betrays long hours of 
practice in the waving of arms; we find 
authors who write ‘‘illation’’ when they 
mean “inference”, and who prefer ‘‘para- 
digms’’ to ‘‘hypotheses’’. Another irri- 
tating aspect of the book is that, like 
bananas and number 19 buses, the 
references come in bunches; in one stagger- 
ing burst of erudition, Istock showers us 
with no less than 61 citations in a single 
sentence. 

Many of the chapters have a curiously 
anti-theory tone to them; to read that solu- 
tion of problems in the New Ecology will 
require ‘‘the attention of minds unfettered 
by preconceptions of resource limitation, 
equilibrium, optimization, competition, 
and the like’’ (Wiens, p.427), suggests that 
an understanding of these ideas is unneces- 
sary (or even dangerous)! In fact, if some 
of the authors understood these notions 
more thoroughly, the book might have 
been a good deal better. For example, 
Strong muddies the water by dredging up a 
set of ideas from the 1950s which he 
christens ‘‘density vague ecology and 
liberal population regulation’’. He seems 
to have convinced himself that. ‘‘theoreti- 
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iro, 


cians’’ (presumably the likes of Robert 
May) do not understand that, in the real 


& world, factors other than population 


density affect the rates of birth and death. 
This extraordinary assertion is coupled 
with a number of misconceptions about the 
nature of population regulation and the 
detection of density dependence. Strong 
views it as a serious flaw that deterministic 
models do not describe the stochastic vari- 
ability of real populations. Yet apart from 
adding noise, the alternative models he 
suggests contribute little to our under- 
standing, while at the same time clouding 
the fundamental predictions which the 
simpler models are able to make. 

One could easily come away from this 
book in the belief that the New Ecology is 
to be a science without theory, and with no 
explicit, simple models of dynamical be- 
haviour. Even where the role of quantita- 
tive theory is acknowledged, the plea seems 
to be for increased ‘‘realism’’ at virtually 
any price. However, to replace linear 
density-dependent functions in determinis- 
tic models by strongly non-linear functions 
in stochastic models, is only sensible if 
these increases in complexity expose quali- 
tatively different dynamic behaviour. 
There is no evidence of this here. 

An important theme addressed by 
several of the contributors — Wiens and 
Price among them — is the central role of 
resources in determining community struc- 
ture and function. There are formidable 
practical problems in this area; for 
example, while it is sometimes quite 
straightforward to determine the use of re- 
sources (for example to see where a butter- 
fly lays her eggs), it is extremely difficult to 
measure resource availability, and virtually 
impossible to assess the suitability of the 
resources as the consumer itself perceives 
them (for example to understand why cer- 
tain host plants do not have eggs laid on 
them). Problems of measuring ‘‘resource 
quality” in a currency appropriate to the 
consumer species are fundamental to the 
plant-herbivore studies which form the 
basis of so many of the papers in the book. 
Sad to say, no new approaches to resource 
assessment are described in these pages. 

The title A New Ecology suggests a 
treasure trove of novel ecological insights. 
While it is far from that, the book may 
fulfil one of its stated aims by ‘‘providing a 
source of discussion topics’’, although it 
certainly will not guarantee that students 
who are beginning a research career in 
ecology can “readily assess how to make a 
major contribution to its development” 
(p.vii)! On balance, students are likely to 
benefit more from the good chapters than 
they will suffer from the poor. A New 
Ecology which coupled the excellence of 
the field experiments reported here, with 
the profound improvements in quanti- 
tative theory which are so signally lacking, 
would bea potent force indeed. 


| Michael J. Crawley is a Lecturer in Ecology at 


Imperial College, University of London. 


Star-watching from 
Leiden 


Pieter B. Bosma 


De Leidse Sterrewacht: Vier Eeuwen 
Wacht bij Dag en bij Nacht. 

By Gijsbert van Herk, Herman Kleibrink 
and Willem Bijleveld. 

Uitgeverij Waanders/De Kler, Grote 
Markt 9, Zwolle, The Netherlands: 1983. 
Pp.159. Dfl.32.50. 


ONE of the oldest and most renowned 
scientific institutions in The Netherlands is 
the astronomical observatory of Leiden 
University: De Sterrewacht. As part of the 
celebrations on the occasion of its 350th 
anniversary in 1983, De Leidse 
Sterrewacht, a handsome, large-format 
history of the observatory was officially 
released. 

The subtitle of the book, which in trans- 
lation reads Four Centuries of Alertness by 
Day and by Night, needs an explanation. 
The anniversaries of the observatory are 
usually counted from 1633, because in that 
year modest observing facilities on the roof 
of the university building were put into 
service. However, lectures in astronomy 
had been given since the official 
appointment of Willibrord Snel in 1609. 
This adds 24 years to the observatory’s 
history, but it does not extend its span to 
four centuries; 26 years are still missing. 
These years will be found in the future. As 
Professor H. van der Laan, chairman of 
the observatory, points out in his preface, 
an agreement on the cooperation of British 
and Dutch astronomers, of great 
importance for De Sterrewacht, does not 
expire until the year 2009. 

From this it may be seen that the book 
should not be considered as a purely his- 
torical document. It is also not historically 
orientated in the sense that equal attention 
is paid to each period described. The 
average number of pages dedicated to each 
year grows roughly exponentially with the 
observatory’s age, with about half of the 
book describing the past sixty years. This 
imbalance is justified if one remembers 
that an earlier record was written in 1933 by 
W. de Sitter, a former director of the 
observatory. 

The first half of the book strongly 
reflects the efforts of successive directors to 
give a sound basis to the pursuit of 
astronomy in Leiden — in those days, too, 
it was sometimes difficult to find the 
necessary funds. In the second part the 
emphasis is on modern astronomical and 
astrophysical work. Although for many 
years now astronomy has been largely a 
matter of teamwork, the name of Pro- 
fessor J.H. Oort is prominent in the period 
after 1945. During this time the radio tele- 
scopes in Dwingeloo and Westerbork and 
the optical telescopes of ESO in Chile were 
built. Among other achievements, recent 


years have witnessed a much better under- 
standing of the structure of our Galaxy and 
completely new insights into the structure 
and behaviour of extragalactic systems. 
These are only two examples of successful 
scientific work; many more are briefly 
sketched in the book. 

The authors G. van Herk and W. 
Bijleveld have written a vivid text in almost 
journalistic style, while H. Kleibrink has 
skilfully illustrated the book with a fine 
selection of many photographs and 
drawings. The text is in Dutch but a 
comprehensive summary in English 
together with a translation of the figure 
captions is given in the final 12 pages. 
Primarily, the book seems intended for 
those familiar with De Sterrewacht, but 
those interested generally in the develop- 
ment of astronomy may also like to read it. 
First, however, they’d probably better 
polish up their Dutch. o 


Pieter B. Bosma is Senior Scientist in the 
Department of Physics and Astronomy at the 
Free University, Amsterdam. 


150 years of astronomy 


Big science at the turn of the century — assembly 
work at the Zeiss factory, Jena, on a 120-cm 
reflecting telescope for Babelsberg Observatory 
in Berlin. The illustration is reproduced from 
The History of Astronomy from Herschel to 
Hertzsprung, by Dieter B. Herrmann, recently 
published by Cambridge University Press (price 
£12.50, $24.95). 
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R.C. Woledge 


Handbook of Physiology: Section 10, 
Skeletal Muscle. 

Edited by Lee D. Peachey, Richard H. 
‘Adrian and Stephen R. Geiger. 
American Physioiogical Society 
(distributed by Williams & Wilkins): 1983. 
Pp.688. $145, £139. 


apine anaia 





THE American Physiological Society 
started to publish the series Handbook of 
Physiology 25 years ago. It was introduced 
with the following words: 

The original literature of physiology has become 
sọ vast and is growing so rapidly that the retriev- 
al, correlation and evaluation of knowledge has 
‘become with each passing year a more complex 
and pressing problem. Compounding the diffi- 
culties has been the inevitable trend towards 
fragmentation into smaller and smaller com- 
‘partments, both of knowledge and of research 
skills. This trend . . . must be accompanied by 
the development of mechanisms for convenient 
and reliable reintegration in order that 
nowledge shall not be lost and research effort 
wasted. 

~~ Since then the problems have not dimin- 
“ished, and the publication in this series, for 
he first time, of a volume devoted to 
skeletal muscle has been eagerly awaited. 
“To what extent can the editors and authors 
solve the immense problems of ‘‘reinte- 
grating”’ this highly fragmented field, and 
present us with a “critical and comprehen- 
‘sive account of the physiological know- 
‘ledge and concepts”? Inevitably the effort 
has to be made by a large team — in this 
‘case of 29 authors — and the resulting 
-volume shows all the virtues and faults 
‘common to such works. 

The advantage that stands out above all 
$ the undoubted authority of each con- 
tributor within his field, and the corres- 
_ponding confidence and enthusiasm with 
hich they survey their chosen areas. 
Nearly all the chapters are strong, stimu- 
ating reviews. My particular favourites are 
those by Haselgrove (on X-ray diffraction 
tudies), B. Eisenberg (quantitative ultra- 
ucture), Gonzales-Serratos (inward 
read of activation), Kushmerick 
ergetics) and by Peachey and Franzini- 
Armstrong (structure and function of 
membrane systems). All of these and many 
thers succeed in providing a historical per- 
spective and at the same time conveying 
something of the continuing excitement of 
veloping areas; they are comprehensive 
d detailed but seldom boring. 

« The main fault of the book stems from 
the fact that the editors appear to have 
allowed their contributors undue freedom 
in: choosing what they will cover. The con- 
sequence is that there are some substantial 
areas of overlap and some surprising — 
and serious — omissions. 

: For example, although 180 pages are 








ito the structure of muscle, I could 
find no discussion og the lengths of the 
thick and thin protein filaments which 
make up the myofibrils. This question is 
crucial because the interpretation of the 
relation observed between muscle length 
and the force it produces requires a know- 
ledge of these lengths. Worse still, the inter- 
pretation that is given uses filament lengths 
that have long been known to be somewhat 
wrong. 

There is also no detailed discussion of the 
way in which actin activates the splitting of 
ATP, although the subject is touched on in 
two chapters, one of which deals in con- 
siderable and fascinating detail with the 
splitting of ATP by myosin alone. But a 
knowledge of what actin does is surely 
essential to bring together the biochemical 
study of myosin as an ATPase with the 
physiological study of energy transduction 
in muscle. A further criticism is that 
although the longest chapter in the book is 
devoted to the mechanism of calcium 
transport by the sarcoplasmic reticulum, 
no author has made it his business to 


discuss the process of relaxation in muscle 
and the extent to which calcium transport 
and other processes contribute to and 
explain the dynamics of relaxation. 

The weakest section of the whole book is 
undoubtedly the chapter on the mechanics 
and theories of contraction. It is much 
shorter than other contributions dealing 
with topics of corresponding importance 
and therefore lacks the detail and the 
authoritative tone which should be 
exhibited here; this chapter seems to belong 
in an altogether more modest textbook. It 
is particularly unfortunate that such a lack- 
lustre performance is apparent at what 
should be the core of a well-balanced 
treatment of muscle physiology. 

Yet, overall, there can be no doubt that 
the volume as a whole is a great success. It 
should become a standard work of ref- 
erence which will indeed help to ensure that 
“knowledge shall not be lost and research 
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effort wasted’’. o 





R.C. Woledge is Reader in Experimental 
Physiology at University College London. 





Meteoric principles 
David W. Hughes 
Physics of Meteoric Phenomena. 


By V.A. Bronshten. 
Reidel: 1983. Pp.356. Df. 185, 374, £46.95. 











METEORS, commonly known as shooting or 
falling stars, are produced when small 
interplanetary dust particles hit the Earth’s 
upper atmosphere and burn out in it. Inci- 
dent velocities range from 11 to 74 kms". 
The causative particles have masses between 
10° and 108 g. Beneath the lower limit the 
resulting ionization and excitation is under 
our detection threshold — these particles are 
retarded before massive ablation sets in and 
then drift down to the Earth’s surface. The 
upper limit is somewhat arbitrary, being 
governed by the fact that on average only 
one 108 g meteoroid hits the Earth each year. 
Also a 108 g meteoroid encounters about its 
own mass of air during its atmospheric 
traverse. Larger bodies punch through the 
atmosphere like bullets and form craters in 
the Earth’s surface. ; 

The simplistic approach to meteor 
physics relates the observables, such as 
luminosity as a function of distance along 
the trail, beginning height and end height, 
deceleration, time of occurrence and spec- 
tra to the fundamental properties of the in- 
coming particle — mass, velocity, density, 
composition and orbit. But nature is far 
from simple. Meteoroids are loose con- 
glomerates — fragile dust balls which frag- 
ment in flight — and the relationship bet- 
ween their loss of kinetic energy and their 
physical parameters is complex.. Large 
meteoroids, below heights of 80 km, are 
surrounded by shock waves and analysis of 
their motion has to be tackled by gas- 





dynamical approaches. No longer are indi- 
vidual molecular impacts solely respons- 
ible for the melting and ablation of the 
meteoroid. Convective transfer, radiation 
and electronic heat conduction have to be 
taken into consideration. 

Monographs on meteoritic phenomena 
are rare, the last two to be published being 
The Physical Theory of Meteors and 
Meteoric Matter in the Solar System, by B. 
Yu Levin (Izdatel’stv. Akad. Nauk. SSSR, 
1956) and Physics of Meteor Flight in the 
Atmosphere by E.J. Opik (Interscience, 
1958). Obviously the subject needs bring- 
ing up to date and V.A. Bronshten has 
done just that. He has assumed that the 
reader starts off with a good grasp of 
physics and applied mathematics but little 
knowledge of meteor science. This he 
builds up from first principles. 

The Russian version of the book came 
out in June 1980 and the English transla. 
tion was completed two years later, the 
hiatus being bridged by the addition of < 
short ten-page appendix. Bronshten cover: 
the subject in commendable detail, anc 
after developing the fundamental equa. 
tions deals with the heating of the meteor- 
oid, its ablation by vaporization, the spray- 
ing away of the molten layers and the for- 
mation of a shock wave. He then considers 
the luminosity and spectra of meteors, and 
how the curve of growth method leads to an 
understanding of chemical composition. 
Finally, there is treatment of meteor ioniz. 
ation, mass and density determinations, anc 
the problems induced by fragmentation. 

Bronshten’s monograph is clearly writter 
and well translated. It is a worthy addition tc 
the few volumes on this rather specializec 


rm 


subject. Cc 





David W. Hughes is a Lecturer in Physics anc 
Astronomy at the University of Sheffield. 
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Malign environmental neglect 


The US Administration’s indifference to environmental issues will not be 


removed by a few speeches at wildlife picnics. 


To show that he really does want peace, President Reagan a few 
weeks ago made a point of praising Russian music (Tchaikovsky, 
to be exact). Now he is hopping around wildlife refuges to 
demonstrate his concern for the environment. But few are likely 
to be impressed by this born-again environmentalism, coming as 
it does so near to the elections. Indeed, what Mr Reagan may 
really have accomplished in his week-long carefully-planned show 
of concern for environmental protection is to remind the 
. electorate of the opportunities lost by his administration to do 
‘something about some very real environmental issues. 
-The three and a half years of obstructionism that the admini- 
stration has brought to bear on environmental policy should be 
seen as an opportunity lost by the administration’s own 
supporters, not just its critics. At the last election four years ago, 
there was something in the view that environmental regulation 
had got out of hand. But instead of seizing the chance to 
rationalize environmental policy — particularly by instituting a 
more sensible approach to ordering hazards so that the response 
might be vaguely proportional to the risk — President Reagan, 
through a combination of simplistic campaign rhetoric about 
“big government’’ and a basic lack of interest in the substance of 
environmental issues, set: the tone for the neglect that followed. 
The Environmental Protection Agency (EPA) — the pragmatic 
creation of a Republican president — was put in the hands of 
ideologues and time-sérvers who presided over its thorough 
demoralization. Although it would have been possible to find 
competent knowledgeable professionals who nonetheless shared 
Reagan’s political philosophy, EPA (and the Department of the 
Interior) instead became the dumping ground for political hacks. 
This approach succeeded, to be sure, in preventing new 
regulations (such as those covering acid rain). It also failed to do 
anything whatsoever about the Keystone Cops mentality 
inherited from previous administrations which sends EPA racing 
from one ‘“‘disaster’’ to another, sometimes pushing for control 
of minuscule hazards (benzene in gasoline) while ignoring others a 
thousand times more serious (asbestos in schools). 
“Even after the political hackery within EPA was cleaned out 
with the departure of Mrs Anne Gorsuch Burford and almost 
all of her senior staff, obstructionism persisted. William 
Ruckelshaus, the new administrator, came in with a sterling 
reputation and a plateful of ideas for reshaping the agency’s 
regulations along conservative but pragmatic lines. Most 
"interesting was his concept of involving local citizens in decisions 
on how to balance the need for industrial emissions controls with 
the consequent loss of local jobs. But Ruckelshaus has found that 
the president’s promise of his personal backing has been worth 
very little. Ruckelshaus was left last year with egg on his face when 
his efforts to strike a deal with Canada over control of acid rain 
was blocked by the ideologues within the administration, 
unconcerned about scientific details. f 
Symbolism has its place in government, and last week’s round 
_. of visits to national parks and wildlife areas cannot be dismissed 
out-of hand. If nothing else, it may create an expectation for 
_©> substantive action that will have to fulfilled. President Reagan 
< will have his chance on two issues in the next few months: the 
reauthorization of the hazardous waste ‘‘superfund’’ and the 
‘possibility of reopening talks with Canada on acid rain. Failure to 
take astrong stand on either will surely disappoint those who have 





` been encouraged by recent gestures. But symbolism cuts both 


" decisive symbolism from the top to change the tone of the 


Miracles do not happen 























































ways, as Mr Reagan learned from the outrage that met th 
appointment two weeks ago of Mrs Burford to head a national 
advisory committee on oceans and the atmosphere. The timing 
was particularly bad, coming the night before a painfully 
prepared meeting with four conservative environmental leaders. 
The meeting almost failed to take place. The four, Mr Reagan’s 
natural allies, all heads of old-line conservation groups, most 0 
whose members are hunters and fishermen, spent the entire 
meeting lambasting the President for the Burford appointment, 
of which Mr Reagan was apparently ignorant. Malign neglect 
abounds. What is needed now is some decisive action or ev 





administration and to permit competent professionals, such as 
Mr Ruckelshaus, to do their jobs. cE 


A group has invited trouble by claiming that 


science has nothing to say about miracles. 
THE presidents of the Linnean Society and of the Bible Creatio: 
Society of the United Kingdom, Dr Sari Berry and Mr ELH 
Andrews, together with a vice-chancellor, a fellow of the Royal 
Society and other worthies, last week startled readers. of the 

London Times by intervening in a theological dispute which has 
riven the Anglican community in Britain — the propriety o 
installing as Bishop of Durham a man who professes himself (0; 
television) to have an open mind on questions such as the Virgin 
Birth and the Resurrection. Briefly, the Linnean president and hi 

fellow-believers say, ‘‘it is not logically valid to use science as an 
argument against miracles’, and “‘the belief that miracles canno 
happen is as much an act of faith as...that they can happen’’. 

Nobody can sensibly complain that scientists of various kind 
are often religious people of one persuasion or another, or quarre 
with the conclusion of Barry et al. that the ‘‘laws”’ of science ar: 
“only generalizations of our experience” and that “faith rests o; 
other ground”. But it is a travesty of something to assert tha 
science has ‘‘nothing to say” about miracles. 

Take an uncontentious miracle, such as the turning of wate 
into wine. This is said to have happened at a wedding feast, whe 
the supply of wine was unexpectedly exhausted. The onl 
published account has it that jars of drinking water were foundt 
have been transformed into wine in the socially embarrassing 
circumstances that had arisen. The account is now firmly a part of 
the Christian legend, but that is not the same as saying it is the 
account of a phenomenon. Obvious alternative explanatio : 
abound. As scientists, the signatories would not have given a 
favourable referee’s opinion of such an account for a scientific 
journal. And far from science having ‘‘nothing to say” about. 
miracles, the truth is quite the opposite. Miracles, which are 
inexplicable and irreproducible phenomena, do not occur — a 
definition by exclusion of the concept. a 

Ordinarily, the point would not be worth making. The trouble 
with the publication from Berry et al. is that is provides a licence 
not merely for religious belief (which, on other grounds, is 
unexceptionable) but for mischievous reports of all things par 
normal, from ghosts to flying saucers. ol 










































































7 US technology controls 


Washington 

FREEDOM of scientific communication 
“with foreign nationals may be severely 
restricted by draft export administration 
` regulations now being circulated within the 
US Government by the Department of 
Commerce. If the draft is approved, uni- 
versities will have to obtain a validated 
export licence for any academic con- 
ferences attended by foreign nationals, and 
possibly even for undergraduate classes. 
The new proposals remove the existing 
general authorization to export edu- 
cational material and information ‘“‘not 
directly and significantly” related to in- 
dustrial processes. 

The Commerce Department is going to 
unusual lengths to keep the draft confi- 
dential. A version circulated a year ago had 
to be abandoned after it was widely leaked 
and opposed from all quarters. Since then 
“there have been two revisions, chiefly 
affecting business interests, but the key 
‘elements remain unaltered. 

It is unlikely that the Commerce Depart- 
ment’s ideas will go unchallenged. A 
special inter-agency working group on 
“scientific communication and export 
controls this week begins a ‘‘crucial’’ series 
of meetings to decide how to revise the 
regulations without unduly restricting 
scientific progress. The working group, 
‘under the chairmanship of Andrew 
Pettifor of the Office of Science and Tech- 
nology Policy, includes representatives 
from the State Department, the Depart- 
ment of Defense and the National Science 
Foundation. Mr Charles Herz, general 
counsel. of the foundation, said last week 
he was ‘‘hopeful’’ that satisfactory 
compromises could be found — ‘‘the aim is 
to ensure we don’t shoot ourselves in the 
“foot by introducing inappropriate 
controls’’. A study planned by the 
National Academy of Sciences of how 
‘export controls affect science will be too 
date to have an impact, however; the 
working group hopes to have reached con- 
- clusions by the end of August. 
` The Department of Defense recently 
announced that it had given up the idea of 
ntroducing a ‘‘grey area” of sensitive but 
‘unclassified research, for which scientists 


department before publishing research 
results (see Nature 31 May, p. 389). Instead, 
contracts would be used to impose restric- 
‘tions on federally-funded research with 
~ security implications, on an all-or-nothing 
basis. That decision was credited to Dr 
Richard DeLatier, Under Secretary of 
Defense for Research and Engineering and 
a moderate on regulation. 
“<The new Commerce Department 





would be required to check with the. 





Curbs on conference 
membership advocated 


proposals, in contrast, are thought to owe 
much to the Pentagon’s international 
security policy division, which takes 
a markedly different line. The use of the 
export administration regulations to 
control scientific communication, which 
the National Academy of Sciences two 
years ago considered to be the least 
desirable option, may lead to more far- 
reaching controls. 

The new export regulations are being 
drawn up in response to a congressional 
mandate to include in the ‘‘commodity 
control list™’ of restricted exports a 
category of critical technology based on the 
Commerce Department’s internal ‘‘milit- 
arily critical technology” list. This internal 
list runs to some 17 volumes and the depart- 
ment is apparently having some difficulty 
in reducing it to a manageable size and 
sanitizing it for publication. Although the 
intention of Congress in making the 
instruction was to avoid unnecessary 
restrictions on communication, there 
seems to be a danger it will have the 
opposite effect. 

In parallel with the executive moves, 
Congress is painfully trying to revise the 
Export Administration Act — formally 
lapsed but extended under emergency 
powers. However, the Senate and the 
House of Representatives have produced 
incompatible bills and a conference com- 
mittee has so far been unable to reconcile 
the two. 

A requirement that universities and 
other educational institutions report to the 
government what are called ‘‘agreements 
to export technical data” — communi- 
cation of results to foreigners — is just one 
area where the two houses have been un- 
able to agree. While the House of Repre- 
sentatives would maintain in law the 
existing general export authorization for 
such institutions, the Senate would require 
reporting for technology identified by the 
Pentagon as ‘‘militarily critical’. These 
reporting requirements would facilitate the 
regulatory changes now being aired by the 
Commerce Department. The conference 
committee will make another attempt to 
resolve the issue on 26 July. 

Sceptics argue that the legal provisions 
are largely irrelevant, since it is their inter- 
pretation by the enforcement divisions that 
will matter. Despite the existing privileges, 
more and more conferences are being 
required to restrict access to US nationals 
or to restrict content. At a 1985 conference 
on metal matrix composites to be held by 
the American Society for Testing and 
Materials, delegates will have to exercise 
their ingenuity to avoid talking about 
“design, manufacturing, fabrication 





methods, production technology or enc 
use of the materials’’. 

The impasse on Capitol Hill may quite 
possibly signal the end of the Expor# 
Administration Act. In a presidential 
election year, the normal rules of politics 
are suspended, and the act could be one 
casualty. Provisions to encode in statute a 
boycott against South Africa, pushed hard, 
by Democrats in the House of Represent- 
atives, may be intended as much to attract a 
presidential veto as for humanistic reasons. 
The administration, however, is keen to get 
the act on the statute book, fearing legal 
challenges to the present interim 
provisions. Tim Beardsley 





Japanese biotechnology 
Search begins 
for superbugs 


Tokyo 

AFIVE-year project is about to be launchec 
in Japan to search the world’s more bizarr 
environments for microorganisms tha 
thrive under conditions of extreme pH 
temperature, salinity and pressure and tc 
try, in the long term, to use their uniqui 
properties to establish a ‘‘new bio 
technology’. The ‘“‘Superbugs’’ project 
as it has been officially called, is the lates 
addition to the innovative ERATO pro 
gramme and is expected to be backed witl 
funds of around 1,500 million yen (£4.6. 
million). 

ERATO is run by the Science and Tech 
nology Agency’s Research Developmen 
Agency (see Nature 305, 373; 1983) and ha 
always sought out original — some woul 
say downright eccentric — researc! 
themes. Six projects, including those o: 
bioinformation transfer and bioholonics 
are already under way, and a new project i 
being added each year. 

All run under a set of rules designed t 
provoke unconventional enquiry: th 
20-30 researchers in each project must a 
be under 35 years of age, they must b 
drawn in equal numbers from universitie: 
government research institutes an 
industry to ensure diversity of backgroun 
and they must work in a specially set u 
independent laboratory where there is n 
possibility that they will be contaminate 
by the inflexible thinking of the outsid 
world. Or so at least the story goes. In fact 
good element of hardheaded thinking gos 
into projects that are essentially too risk 
for industry to carry out but in which thei 
is reasonable chance of long-term indu 
trial application. 

The Superbugs project leader, Profess« 
Koki Horikoshi of the Institute of Physic 
and Chemical Research (RIKEN), is 
pioneer in the study of microorganisn 
from extreme environments. During tl 
1970s, he discovered a whole new world < 
alkalophilic microorganisms, isotatin 
several thousand strains — including eve 








alkalophilic phages — growing at around 
pH 10 (see-also p. 225, this issue). 

Since then, he has been studying their 
molecular biology and has been successful 
in using the new types of enzymes they 
produced by microorganisms in industrial 
processes, most notably the use of CGTase 
from an alkalophilic Bacillus species to 
produce cyclodextrin from starch on an 
industrial scale and at very high yields. 
More recently he has discovered a 
penicillase gene in an alkalophilic Bacillus 
species which, when transferred to 
Escherichia coli, changes the membrane 
permeability (for reasons as yet unknown), 
causing the bacteria to excrete penicillin 
into the culture medium. Commercial 
applications are obvious and are being 
followed up in Japan and abroad. 

But Professor Horikoshi sees this as just 
a. beginning. Given powerful tools 
provided by advances in genetic engin- 
eering, he now believes that we are falling 
behind in knowledge of new functions that 
may be usefully transferred to other 
organisms. In particular, industrial 
+ processes are often unsuited to the neutral 
PH and moderate temperatures that suit 
the microorganisms which have been most 
extensively studied so far. What better 
place to look for a thermostable enzyme 
suited to a high-temperature industrial pro- 
cess than in a thermophilic bacterium? 

There is plenty of reason to believe that 
there are vast numbers of microorganisms 
living in extreme environments that are still 
waiting to be discovered. Recently a 
bacillus isolated from a hot spring in 
Yellowstone Park in the United States has 
been reported capable of growing at 
100°C, a yeast, Candida scotti, has been 
isolated from the Antarctic which grows at 
0 to -10°C but not at +15°C, and a 
Thiobacillus species growing at pH below 4 
are already commonly used for leaching 
metals from mine wastes. And of course 
there is the notorious “black smoker” 
bacterium that grows at temperatures of 
around 250°C — if indeed it really exists 
(see Nature 303, 423; 1983). 

What the Superbugs project now aims to 
do is to screen microorganisms isolated 
from extreme environments all over the 
world, analyse their tolerance mechanisms, 
metabolic pathways and the expression and 
control of tolerant enzymes, and then to try 
introducing activities such as alkalo- 
philicity, halophilicity and thermophilicity 
into ‘‘moderate’’ bacteria. It may then be 
possible to put into operation new bio- 
reactors that can operate at higher temper- 
atures and salt concentrations. 

Luckily, Professor Horikoshi already 
has a good site for the independent labor- 
atory the project requires — the old 
building not far from Tokyo University 
-that RIKEN abandoned when it moved out 
_ inte the country some 15 years ago. The 
-= new RIKEN site also happily contains a 

new microorganism culture collection 

: hich could prove vital for storing new 
i Alun Anderson 








US space weapons 


ASAT deal in Congress 


Washington 

CONGRESS is heading towards a com- 
promise that would impose a six-month 
moratorium on tests of antisatellite 
weapons (ASATs) against a target in space 
and further require the President to certify 
that a “‘good faith”’ effort is being made to 
negotiate ‘‘the strictest possible limit- 
ations” on such weapons ‘‘consistent with 

. . national security” before proceeding 
with such tests. 

The compromise would reconcile the 
differing approaches taken by the House of 
Representatives and the Senate to avoid an 
arms race in space weapons. The Senate 
voted by a substantial majority to impose 
the certification requirement only; the 
House, by a smaller margin, called for a 
one-year ban on testing against a target so 
long as the Soviets do not resume testing 
their ASATs. 

The expected compromise may be 
approved when members return at the end 
of this month, and would be seen as facili- 
tating possible negotiations between the 
Soviets and the United States this fall. The 
US Administration is at present barred by 
Congress from conducting tests against a 
target as a result of a similar amendment 
passed last year. That amendment required 
the President to certify that an effort was 
being made to negotiate a “ban” on 
ASATs. President Reagan reported last 
spring that a ban was impossible because of 
difficulties in verification. 

The United States carried out a first test 
of its ASAT in January. No target was 
involved, and the rocket did not carry a 
warhead. Unlike the Soviet ASAT, which 
is fired by an inter-continental ballistic 
missile booster and requires two orbits to 
rendezvous with its target, the US system is 
a direct-ascent rocket fired by an F-15 
fighter. The Soviet system has an un- 
impressive test record, with 11 failures out 
of 20 tests. 

A second test of the US ASAT is 
expected any time now; it would add a war- 
head but again not involve an actual target. 
The Air Force wants to introduce a live 
target for the third test. 

The administration, while expressing 
interest in the Soviet offer of ASAT neg- 
otiations in Vienna in September, has sug- 
gested that only a rather weak agreement 
might be possible. ‘‘Rules of the road”’ for 
satellites might be agreed to, for example. 
Another suggestion is a ban on tests of 
high-altitude ASATs, but this is not likely 
to go down well with the Soviets, who have 
a relatively greater proportion of their 
military satellites in low orbit. Both sides 
use low orbits for photographic reconnais- 
sance and weather satellites: the Soviets in 
addition place a great many communi- 
cations satellites in an eccentric orbit that 
brings them high over the Soviet Union and 
low over the Southern Hemisphere, and are 














thus vulnerable to existing ASAT tech 
nologies. High orbits are used for navi 
gation satellites (which are in semi 
synchronous orbit) and early warning, 
electronic intelligence, and — in the case of 







lites (geosynchronous orbit). : 
The certification requirement that the a 
Senate has proposed would require the 
President not only to certify a good- -faith 
negotiating effort but also that US tests 
against a target are necessary to ‘‘avert 
clear and irrevocable harm’’ to national 
security, that the tests will not irreversibly 
harm prospects for future negotiations, 
and that the tests are consistent with thë 
Anti-Ballistic Missile Treaty. 
Stephen Budians! 




































Britons never slaves? 


Los Angeles i 
APPROXIMATELY 40 British engineer: 
scientists and data-processing professionals 
are being brought to the United States 
every year by a Southern California head- 
hunting firm that makes employers an 
offer that is hard to refuse. 

The British professionals agree to work 
for less money than US counterparts, are 
“highly motivated and expertly trained”, 
and once in the United States, cannot 
change jobs. Work visas are good for th 
years, whereupon the British imports must 
return home. l 

The practice has infuriated a group 
called the Committee of Concerned Elec- 
trical Engineers which compares the heac 
hunters with the slave traders of 200 years 
ago. 

According to John Alcorn, co-found 
of International Staffing Consultan 
(ISC) of Newport Beach, California, there 
are genuine shortages in the United Stat 
of systems analysts, programmers and 
computer engineers as well as “high-tech 
engineers in speciality areas’. Two jobs 
recently filled by Britons were as a ring laser 
gyroscope engineer and an electrical 
discharge machine operator. 

The US Labor Department protect 
American workers, Mr Alcorn said, b 
demanding that employers advertise job 
before letting foreigners apply. But this 
requirement can be bypassed if foreigners 
are hired on temporary visas. i 

ISC, which serves “ʻa couple of dozen 
companies”, ungrammatically advertises 
that “The opportunity to work in the 
United States is a powerful motivator for- 
the British DP professional. They earn. 
approximately one half of the salaries pais 
to US employees, so working for you 
viewed as an exceptional opportunity. 
Unlike US employees,’ you won't risk 
losing them to your competitors.” = 

Sandra Blakeslee : 














US nuclear waste nuclear waste 


Widespread problem of disposal 


Boston 
“Time is running out for individual states in 
“the United States to develop facilities for 
disposal of low-level radioactive waste 
“produced by nuclear reactors, industry and 
“biomedical research and treatment. The 
federal Low-Level Waste Policy Act of 
1980, pushed through Congress in the 
waning days of the Carter Administration, 
“required the states to form regional 
‘compacts to plan and develop dumps for 
the low-level material generated within 
their borders. The deadline is January 
1986, just eighteen months away. 
There are at present only two sites 
Operating, in the states of Washington and 
‘South Carolina, which take most of the 
low-level waste arising in the United States. 
After the deadline, those states will have 
the right to refuse waste from outside the 
‘compacts they have formed with 
“neighbours. Political pressure has only 
recently forced other state governments to 
-plan more decisively. But since the 
planning, public approval, development 
sand construction of a dump will take at 
least five years, states outside the South 
“Carolina and Washington compacts are 
“unlikely to meet the deadline. 
= In Massachusetts a Special Legislative 
‘Commission has written a working draft of 
“a compact that would be acceptable to the 
state, and is now working out guidelines for 
“choosing potential sites. 
_ But Massachusetts has special problems. 
“Its strong environmental and anti-nuclear 
constituencies will help to ensure that the 
site is safe and well-contained, but a 
referendum proposed by activist groups 
-and approved by state voters in 1982 will 
«inevitably slow down the approval process. 
The law, known as Chapter 503, requires 
“that once a developer has found a site, 
obtained all the necessary licences, 
-performed environmental impact studies 
and site characterization (at a cost of at 
‘Teast $6 million), both houses of the state 
legislature must vote that the technology 
nd the site are superior to all others, 
whereupon the proposed facility must be 
pproved by the voters in a statewide 
lection, the next of which is in November 
986 —- eleven months after the deadline. 
Moreover, the other New England states 
have understandable doubts about 
whether Massachusetts could ever fulfil its 
-part of a compact. 
The potential restrictions on waste 
‘disposal after 1986 could drastically affect 
“work that produces low-level waste unless 
- the grace period is extended. Although the 
“amount of waste generated has been 
greatly reduced (by two-thirds in the past 
- five years in Massachusetts), some interim 
_ arrangements will have to be made. The 
-four largest producers of radioactive waste 
-May be able to store their own waste until a 
“site is developed, assuming they will no 








longer have access to the existing sites. 
Small producers, such as hospitals and 
universities, are hoping to avoid the huge 
expense of storing radioactive waste. 
Partly in an effort to economize, they have 
already made substantial reductions in 
their waste production, and are storing 
rapidly-decaying elements such as YP 
through fifteen or so half-lives. Any plan to 
build or convert a warehouse for storage is 
likely to face strong local opposition — and 
research institutions in Massachusetts are 
already in bad odour. Much biological 
waste is decomposable, making temporary 
storage impossible and leaving only the 
undesirable alternative of incineration. 
Although large producers such as NEN are 
already preparing for the possibility that 
they will have to store their wastes, 
hospitals and research institutions appear 





to have no strategy to fall back on. 

The small producers are hoping the state 
will provide an interim storage facility. The 
Massachusetts Special Legislative 
Commission intends, however, to concerr 
itself only with the long-range solution. 
The state government hopes the federal 
government will assist the process by 
extending the grace period and improving 
the laws, regulations and technology that 
the states must follow in creating new waste 
dumps. 

And everyone is hoping that the states of 
Washington and South Carolina will 
cooperate and continue to allow low-leve! 
waste from other states into their dumps 
after the 1986 deadline. Whether they wil! 
agree is doubtful — there is strong feeling 
within the states that there should be nc 
outside access. South Carolina, for 
example, has threatened that if Congres: 
extends the deadline stipulated by the Low- 
Level Waste act, it will shut down its 
facility entirely. Christopher Ear! 





Dispute over AIDS patent priority 


Washington 

WHILE the public health problem posed by 
acquired immune deficiency syndrome 
(AIDS) is causing growing concern, 
industrial companies are not losing sight of 
the commercial possibilities. Genetic 
Systems Corporation (GS), of Seattle, 
Washington, has formed a joint venture 
with Pasteur Institute Productions of Paris 
to develop and market a diagnostic blood 
test for lymphadenopathy virus (LAV), the 
AIDS-associated virus observed by Dr Luc 
Montagnier, and claims patent priority for 
the venture over the test developed by Dr 
Robert Gallo for the (probably identical) 
human T-cell leukaemia virus IH (ATLV- 
HI). GS has been assigned exclusive rights 
to market the test in the United States and 
Canada, while Pasteur will market the test 
in Europe. To complicate the issue, 
however, Biotech Research Laboratories, 
of Rockville, Maryland, plans to challenge 
GS’s claim, saying it has an even earlier 
patent for a general HTLV diagnostic test 
that has been on sale for over a year and will 
now also detect HTLV-II. 

Biotech was supplied with Gallo’s first 
HTLV isolate to develop an enzyme-linked 
immunosorbent assay (ELISA) and filed 
for a general patent on the technique in the 
summer of 1983. The company is backed 
by Du Pont, one of the five selected by the 
federal government to produce Gallo’s test 
(see Nature 5 July, p.6) and is contracted to 
undertake its manufacture. Dr Robert 
Ting, director of Biotech, is confident that 
the HTLV test he patented will cover the 
test for HTLV-II, even though this was 
discovered later. He will not use his patent 
rights to oppose the federal government's 
chosen five companies but would move 
swiftly against GS. The stakes are high: the 
world market for an AIDS blood test is put 
at not less than $100 million a year. 








The basis for the GS claim is that thi 
Institut Pasteur in Paris filed for world. 
wide patent rights on its LAV test ix 
September 1983, while Gallo’s application 
covering his high-yield permissive cell line 
the uninfected cell line and the specifi 
ELISA test for HTLV-II, was not file 
until May this year. Dr Robert Nowinski o 
GS says it is ‘generally accepted that thi 
French have priority of inventorship’’. 

Gallo says he is “‘exasperated and totall: 
fed up” with patent priority disputes. Hi 
argues that a useful blood test for HTLV 
Ill was impossible before his discovery o! 
the HT permissive cell line; the method fo: 
production of LAV recently described b: 
the French group (Science 225, 63; 1984) is 
he says, nowhere near as useful. Further 
more, the tests used by the two groups arı 
fundamentally different. By looking fo 
antibodies to the p41 envelope protein o 
the virus, Gallo says he can identify AIDS 
patients with 100 per cent efficiency. Th: 
French group, in contrast, have not so fa 
been able to detect this protein, and anti 
bodies to core proteins are less wel 
correlated with disease symptoms. Gall 
says AIDS is too serious to waste tim 
arguing about priorities: his virus and ser: 
are freely available to any qualifiec 
recipient, and indeed reagents were sup. 
plied to the French group during their early 
investigations. Stocks have also been sen’ 
to Britain for use there in blood bani 
testing. 

All parties agree that the squabble ove 
patent priorities should not hinder the mos 
rapid possible availability of a test. D 
Montagnier in Paris says his paten 
application would not be used to preven 
others from producing a test; GS agrees bu 
wants ‘‘proper allocation of commercia 
rights’’. But Gallo says of GS that ‘‘they’r 
only init forthe money”. Tim Beardsles 








Atmospheric science — 
UK initiatives 
for change 


THE problems of acidity and ozone in the 
lower atmosphere have thrown into relief 
urgent questions that need to be answered 
by atmospheric chemists. At a meeting in 
‘Oxford last week, convened on the 
initiative of the Natural Environment 
Research Council (NERC), the UK atmos- 
pheric chemical community gathered to 
survey some of the fundamental aspects of 
their discipline that require investigation, 
in the framework of which the more 
politically charged problem of. pollution 
can be tackled. 

The meeting represented the first public 
result of a decision by NERC about a year 
ago to designate atmospheric chemistry a 
“special topic”. The Coordinating Com- 
mittee. for Research into Atmospheric 
Chemistry (CCRAC). was formed and 
£250,000 was set aside for a three-year pro- 
gramme to stimulate research in an area in 
which UK. expertise was somewhat frag- 
mentary. 

That the UK community is still frag- 
mentary cannot be denied — although, as 
one overseas visitor commented, many of 
the fragments are of a sufficiently high 
calibre for fruitful international collabor- 
ations, collaborations that are particularly 
necessary in a field where global moni- 


‘toring of species’ behaviour, for example, 








is a basic requisite for effective research. 
But the organizers of the meeting were en- 
couraged by the large attendance, 
including some for whom either the 
atmosphere or chemistry, but not both, 
had previously figured in their grant 
proposals. CCRAC’s hope is that such 
people will be encouraged further into the 
field, partly by the availability of specially 
directed grants. 

International interest in this field is 
sharpened by the imminent publication by 
the US National Academy of Sciences of a 
detailed survey of global tropospheric 
chemistry. If a large US programme event- 
ually results from this report, then the UK 
and other European research communities 
might benefit. If the UK position looks 
bleak, on the other hand, researchers may 
be tempted to emigrate. 

CCRAC includes representatives of 
institutions such as the Science and 
Engineering Research Council, the UK 
Atomic Energy Authority and the 
Meteorological Office. An interesting 
example of the interplay of chemistry with 
other atmospheric.phenomena was 
provided by Dr A. Tuck of the Meteoro- 
logical Office, who demonstrated the 
mixing of tropospheric and stratospheric 
air — with corresponding effects on the 
ozone distribution — apparently confined 
by a low-pressure system off south-west 
England, the mixing region coinciding with 
the low-pressure centre. Philip Campbell 





New Polish university proposed 


THE Polish Government has placed a bill 
before the Sejm (Parliament) authorizing 
the establishment of a university in 
Szczecin, a surprising development at a 
time of severe economic restraint and 
cutbacks in education (about 50 university- 
level courses have disappeared during the 
past three years). According to Warsaw 
radio, however, the university is needed for 
“state and social reasons”, including the 
‘‘traditions of Polish culture”’ in the north- 
west of the country and the ‘‘requirements 
of the state’s maritime policy”. 

Although Szczecin is one of the few 
major Polish cities to lack a university, it 
does have a number of higher educational 
institutions, including a polytechnic, a 
teachers’ training college, an agricultural 
academy, a medical academy and a higher 
maritime school. The agricultural academy 
includes a flourishing department of 
marine fisheries and food technology, with 
institutes of aquaculture, fisheries’ 
economics, ichthyology, oceanography 
and conservation, and sea-food tech- 
nology, which, together with the higher 
maritime school (which specializes in 
shipbuilding and engineering) would at 
first glance seem sufficient to satisfy the 
country’s requirements. (Indeed, since the 
agricultural. academy also runs diploma 
and PhD courses for foreigners in fisheries- 











related subjects, it might be argued that the 
academy has, in fact, a teaching capacity in 
excess of those requirements.) 

The ‘‘traditions of Polish culture’ in the 
area may constitute a more cogent 
argument. Before 1945, Szczecin had been 
under German rule for. three centuries, as 
part of the Electorate of Brandenburg. The 
frontier changes after the Second World 
War meant that the German population of 
the territories reacquired by Poland 
migrated westwards, mostly to the Federal 
Republic of Germany. Of recent years, 
some of these elderly exiles have been 
sending letters to the Polish inhabitants of 
what they still consider to be their homes, 
warning them not to put down roots, since 
sooner or later the Germans will be back. 

The West German Government is 
embarrassed by the whole affair and has 
disclaimed any responsibility for what it 
stresses are the individual views of only a 
tiny minority of its citizens. The Polish 
authorities fear, however, that such a 
campaign could not be launched without 
the tacit approval of some person or 
persons high in government office. Any 
proposal that will reinforce the Polish 
claim on the ‘‘western territories’, such as 
the proposed university in Szczecin, is a 
strong candidate for funds even in the 
current economic difficulties. Vera Rich 
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Student demand 
increased 


THE UK Committee of Vice-Chancellors 
and Principals has moved swiftly to take 
advantage of the British Government’s 
revision of its estimates of future demand, 
published on 12 July. In a statement issued 
last week, the committee sharply argues 
that since the demand for higher education 
will not fall, for demographic reasons, 
below the present number of full-time 
students, final calculations of the provision 
of student places should be postponed until 
later in the decade — and that budget cuts 
now threatened should be abandoned. .. 
The affair is bound to be an embarrass- 
ment for the Department of Education and 
Science, which has during the past four 
years sought to justify the budget cut of 8.5 
per cent announced at the end of 1980.0 
calculations of reduced demand for places 
in higher education, itself a consequence of 
the reduced birth-rate in the late 1960s. 
The paper published a year ago by the 
Royal Society seems to have been especially 
influential in causing the revised estimate, 
chiefly because of its explicit use of data on 
social mobility, and the educational attain- 
ments of women students. The vice- 
chancellors said last week, however, that 
even the more recent government 
projections did not take full account of up- 
ward mobility, pointing out that the 
rapidly increasing proportion of parents 
who are graduates may be more relevant. 
than social classes as conventionally 
defined. 
The vice-chancellors also complain that 
the new projections do not make 
sufficiently. generous allowance for the ex- 
pected increase of demand from mature 
students (over 26) or for the expected. 
attainment of women school-leavers. 
The statement says that financial pro- 
vision for higher education in the next three: 
years is now “‘considerably out of line” 
with the government’s new estimate of 
demand and, ominously, promises further 
study of the issue. o 
Other developments in the past week. _ 
include: 
@ Moves supported by the Foreign 
Commonwealth Office to abate the cost of 
fees for overseas students in British univer- 
sities. 
@ A bid by the Science and Engineering. 
Research Council for funds to collaborate: 
in the European Synchrotron Project (dis- -= 
closed to a House of Commons select com- 
mittee). 
@ A lobby of last week’s meeting of the 
Medical Research Council by members of 
the Association of University Teachers: 
(and other groups). S 
@ A mounting sense of despair among > 
research council heads, one of whom said. 
this week that it ‘‘would not be time to take = 
to the streets” until November. fe 
















































Faculty forced 
into salary cut 


Rehovot 
WHEN every occupational group in Israel is 
wildly scrambling for wage increases, 
_. Israeli professors and senior lecturers have 
_ agreed to a 6 per cent cut in wages. “We 
_ took the step’’, says Professor Menachem 
_ -Magidor, chairman of the Coordinating 
Council of Faculty Organizations, ‘‘in 
order to prevent a generation of young 
_ Scientists from being wiped out.”’ 
© Behind the melodramatic language lies 
_ the brutal fact that Israeli institutions of 
ochigher learning, now in the midst of a 
_. Severe and prolonged financial crisis, have 
- had to dismiss more than 200 members of 
_ their academic staffs over the past year and 
» will have to dismiss more unless some 
< solution to their budgetary problem is 
_ found. 
== The 6 per cent pay cut in itself is 
_ significant only insofar as it may prod the 
| government into increasing its support for 
__ the universities. Indeed, shortly after the 
_ professors made their statement, the 
| government said it would cover some of the 
_ $50 million debt accumulated by institu- 
tions of higher learning. But a pledge made 
> Shortly before election day may have little 
relevance after polling has taken place. 
-> Nobody doubts, in any case, that Israeli 
universities and research centres are in 
_ trouble and that standards are falling. In 
» the recent report of the planning and grants 
“committee of the Council for Higher 
< Education, its chairman, Professor Haim 
Harari, pointed out that during the past 
decade the student body of local univer- 
“sities has risen by 30 per cent while the 
-teaching staff has fallen by 3 per cent, and 
_ that there are serious problems with equip- 
ment and facilities. 
‘What is at stake’’, Harari declared, ‘‘is 
“not merely the future of higher education 
“and scientific research but the future of 
Israel itself. Israel has no chance of 
developing and prospering if it is not in the 
front ranks of science and culture.’’ 
_» The sophistication of Israel’s industry 
“and agriculture, he says, reflects the 
chievements of Israeli institutions of 
A igher learning 10 or 15 years ago. Today, 
_inccontrast, ‘“‘the people we will need in the 
_ 1990s are being trained in far inferior con- 
ditions”. And there is a great difference 
“between a young scientist who gets 
“personal attention from his teachers, and 
who. uses advanced equipment, and one 
-Who is trained at a university where the 
“equipment is old and in poor repair, and 
where the ratio between students and 
teachers is more appropriate for a high 
“School than for a university. 

‘Research is also hampered by financial 
constraints, even where it has clear 
economic importance. One researcher 
working inthe field of artificial intelligence 








has pointed out that people at 























Massachusetts Instigute of Technology 
working on artificial intelligence and 
related subjects have at their disposal 
about 50 VAX computers and 50 others, 
while he has only one of each. 

This situation is not likely to encourage 
other young Israelis, now holding top 
positions in the United States, to come 
home. Some now working at such places as 
IBM, Bell Laboratories and Harvard 
University have recently made it clear that 
they would be ready to return immediately 
if only they could be assured of the 
equipment they need to carry out their 
experiments. But the money simply is not 
available. 

Some researchers find themselves in 
another kind of Catch-22 situation. A 
leading Israeli expert on applied physics 
has been offered more research grants than 
he can possibly handle. But his institution 
has put a freeze on hiring, and institutional 
salaries are, in any case, so much lower 











than those offered by industry that heis un. 
likely to find qualified engineers and tech. 
nicians for his research teams. 

Most institutions of higher learning have 
tried to solve their problems by cost cut- 
ting, but the Haifa Technion has adopted 
the opposite approach. Its international 
board of governors has decided to ignore 
the 10 per cent cut urged by the government 
and to increase its budget for the next 
academic year by $4 million so as to pur- 
chase new equipment and to hire 165 junior 
faculty members for its computer sciences, 
aeronautical engineering, industrial 
engineering and mechanical engineering 
faculties which, it says, should be enlarged 
to meet the country’s needs. 

The Technion obviously hopes that the 
government, impressed by the need to train 
manpower for science-based industry, will 
give it more money, even if this means 
giving less to other institutions. It remains 
to be seen whether this hope has any basis 
in reality. Nechemia Meyers 





Rows continue over US patent life 


Washington 

BIOTECHNOLOGY companies are com- 
plaining that they have been left in the larch 
by a compromise between two major 
camps of pharmaceutical companies on 
extending the life of patents. 

The major research-intensive drug com- 
panies have for years been asking Congress 
to ‘‘restore’’ to their patents the time lost in 
meeting government safety-test require- 
ments. According to the Pharmaceutical 
Manufacturers Association, 8.5 years of 
the 17-year life of a patent is lost in carrying 
out the required tests and obtaining 
approval from the Food and Drug Admini- 
stration (FDA) to market new drugs. 

Legislation that would extend patents to 
compensate for regulatory delays has met 
stiff opposition from another group of 
drug companies, the so-called ‘‘generic’’ 
manufacturers whose principal business is 
making Brand X versions of patented 
drugs after the original patent expires. The 
generic versions are always considerably 
cheaper than their brand-name competi- 
tors, a fact that has never pleased the 
traditional companies. The generic com- 
panies maintain that the public interest is 
best served, however, by encouraging open 
competition as soon as possible. 

Under the recently agreed compromise, 
now before Congress (HR 3605), the trad- 
itional companies would get their patent 
extension (one-half the time they spend 
testing plus all of the time FDA spends pro- 
cessing the application — up to a maximum 
of five years’ extension); in return, the 
generic companies would be permitted to 


file ‘‘Abbreviated New Drug 
Applications” (ANDA) for their look- 
alike drugs. 


These applications would permit the 
generice manufacturer to use the safety and 
effectiveness data already submitted to 





FDA by the original manufacturer. Under 
the present rules, generic manufacturers 
must duplicate those tests unless they have 
been published in the open literature. FDA 
officials have said for some time that they 
consider this to be a wasteful process, and 
one that results in unnecessary clinical 
trials on humans. 

A much more controversial provision of 
the compromise allows the generic com- 
panies to jump the gun — to begin testing 
the original manufacturer’s drug even 
before the original patent expires, so as to 
be in a position to hit the streets as soon as 
the patent expires. (The present law forbids 
any commercial use by a competitor until 
the patent expires.) The proposal would 
also allow a generic company (or anyone 
else) to challenge the validity of a drug 
patent at any time simply by filing an 
abbreviated new drug application for the 
same product. 

Ronald Cape, chairman of Cetus, 
testified before a House of Representatives 
subcommittee last month that the com- 
promise — while perfectly sensible for 
major drug companies that have a con- 
tinual stream of new products going onto 
the market — would inadvertently harm 
the emerging biotechnology industry. The 
prospect of extended patent life means 
relatively little to the biotechnology 
companies -— which are only now getting 
their first patents -- and hardly com- 
pensates. for the prospect of immediate 
harassment that the ANDA challenges may 
bring. “A very large portion of our 
resources: could be tied up fighting these 
ANDAs”, he said, which would encourage 
‘premature litigation” — especially harm- 
ful to a young field such as biotechnology 
which has not even had the benefit of 
judicial determinations of the validity and 
scope ofitspatents. Stephen Budiansky 
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Chinese census 


Demographic transition under way 


Washington 

A NEW analysis by the US National 
“Academy of Sciences* of recently released 
‘census data from the People’s Republic of 
China has confirmed that there were some 
27 million excess deaths during the ‘‘Great 
Leap Forward” in 1960, and provided in- 
dications that female infanticide may still 
be taking place in rural areas. 

The data also show the substantial pro- 
gress China has made in reducing both 
birth and death rates. The average lifespan, 
calculated from the new 1982 census data, 
is 66 years for men and 69 years for women, 
roughly comparable with that of Western 
countries in 1950. In the 1950s in China, the 
average lifespan was almost 25 years 
shorter — roughly comparable with the 
United States in 1890. 

`: The birth rate in China has fallen from 
“AO per 1,000 in the 1950s and mid-1960s to 
half as much: expressed: another way, 
women are now bearing children at an 
average of 2.6 per lifetime, down from 6. 

Until last year, the Chinese Government 
had released only the barest minimum of 
census data. Censuses were conducted in 
1953, 1964 and 1982, the latest being the 
most comprehensive and the first for which 
the Chinese sought outside assistance. 
Details of all three censuses were published 
last year in a Chinese journal; for the first 
time, the Chinese revealed data on its 
population distribution: by age and sex. In 
addition, results of a fertility survey of a 
million Chinese women, conducted in 
1982, have been made available; these 
results include marriage and birth rates 
broken down according to age of women 
for each year from 1950 to 1981. 

According to Ansley Coale of Princeton 
University, who prepared the academy 
report, the data show a consistent under- 
reporting of births and deaths in the of- 
ficial registers. The census data themselves, 
on the’other hand, show a remarkable in- 
ternal consistency; especially striking is the 
almost perfect match between the total 
population figures from the census and the 
expected increase in population as calcu- 
lated from the fertility survey and census- 
derived death rates. 

“The data on the ‘“‘Great Leap Forward” 
-> Mao’s attempt at industrial and agricul- 
tural modernization that is said to have led 
to a near-collapse of the food distribution 
system in China — show sudden increases 
in the death rate followed by a sudden drop 
in fertility rate. Coale said the fertility 
decline was characteristic of a ‘‘quasi- 
biological’ cause, rather than deliberate 
contraception; the drop occurred in 
‘women of all age groups. 

The analysis of female births suggests 
1at 60,000 female infants are ‘‘missing”’ 
each year. The normal ratio of males to 
males at birth.is 106 to 100. First and se- 
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irths i in rural areas are very close to 
















that ratio; but for third and subsequent 
births there are 113 males to every 100 
females. Coale says that sex-selective abor- 
tion is not a plausible explanation in rural 
areas; he also noted the regular denuncia- 
tions in the Chinese press of female infanti- 
cide as a ‘‘feudal’’ practice. It is also poss- 
ible, he said, that parents may be willing to 
face the penalties that come with having 
more than one child if the child is a boy, but 
are less likely to report the over-quota 
births if the child is female. 

Coale’s analysis also explains the recent 
increase in birth rate, seemingly breaking 
the trend of the past decade. Coale found 





Learning Japanese 


Plans for language teaching 


Tokyo 

IN line with its new status as the world’s 
number two industrial power, Japanis now 
laying plans to become one of the world’s 
leading educators. At present, only 10,428 
foreign students are enrolled in Japan’s 
universities — compared with 310,000 in 
the United States, 119,000 in France, 
37,000 in West Germany and 52,000 in the 
United Kingdom. Buta new report predicts 
that Japan will be in third place by the end 
of the century with 100,000 foreign 
students. 

The report, from an 18-member commit- 
tee of the Ministry of Education, Culture 
and Science headed by Shigeto Kawano, 
director-general of the Japan International 
Education Association, proposes funda- 
mental reforms necessary to interna- 
tionalize Japanese education and the 
Japanese language. 

First and foremost, there has to bean im- 
provement in the availability and standard 
of Japanese language education. Around 
1.4 million people outside Japan are now 
thought to be studying Japanese, one 
million of them in China and the remainder 
in the countries bordering the Pacific 
Ocean, particularly South-East Asia and 
Australia. 

Within Japan, there are some 26,000 
foreigners studying Japanese, three times 
as many as ten years ago. But, serving these 
foreigners, there are only around 1,000 
Japanese teachers and in the whole world 
there are only 2,400 institutions that can of- 
fer any kind of Japanese language course. 
Japan has no equivalent of the British and 
US-supported programmes for teaching 
English as a foreign language, no set of 
standard: examinations by which foreign 
students can measure their progress or gain 
official recognition of their proficiency, no 
authorized textbooks and virtually no tex- 
tbooks at all for those who wish to learn ad- 
vanced colloquial Japanese. 

To help end this chaotic situation, the 
report calls for the number of teachers in- 








that official pressures to delay marriage 
had in fact played a significant part in the 






declining birth rate; a constantly increasing. 
marriage age effectively buys time by post- 
poning first conceptions by a new genera» 
tion by women of child-bearing age. The _ 
recent decision by the government to relax 
the unpopular policy of delayed marriage 
has sent the fertility rate back up. On the 
other hand, the data do show substantial: 
acceptance of contraceptive practices, with 
the age-specific fertility rate following 
closely the pattern seen in Western coun- 
tries — much lower fertility among older 
women, who have already had all the | 
childrentheywant. Stephen Budiansky 

*Rapid population change in China, 1952-1982, 


National Academy Press, Washington, DC, 1984: 
($12.50). 
































side Japan to be increased to 4,200 by 1992 
and to 10,600 by the end of the century:'A 
separate report from the ministry’s Agency 
of Cultural Affairs suggests the establish- 
ment of a four-level standard proficiency 
examination to be held at at least twenty 
centres throughout China, South- East 
Asia and Australia. 

Next, there will have to be reforms. to 
make it easier to enter Japanese universities 
including the mutual recognition of 
academic qualifications and the setting up 
of a unified entrance examination suitable 
for all. universities that can be taken 
abroad, the establishment of special short 
term courses, changes in universi 
timetables and an increase in accommoda- 
tion for foreign students. 

The plan will also require many more 
scholarships to be made available. Of the 
students at present in Japan, only 2,082 are 
sponsored by the Ministry of Education; 
Culture and Science. The report asks that 
scholarships should support 10,000 out of 
the 100,000 students there will be by the 
year 2000. : 

A big problem, however, is that as stu-, Ae 
dent numbers increase, more and more of 
them will be expected to attend private 
universities. Japanese private education’ 
now costs at least Y1.3 million (£4,000) a 
year, and, as many of the students are ex- 
pected to come from less affluent Asian 
countries, there is the risk that Japan will 
price itself out of the education market. as 
its inexorable economic growth continues, 

Alun Anderson | 








Correction 
Our Israel correspondent, Nechemia | 
Meyers, says that he was mistaken in saying 
(Nature 3 May, p.8) that Dr George. 
Kanazi’s work on mediaeval manuscripts. 
on the art of wine-drinking had been’ 
described in a lecture*at the Israeli. © 
Academic Centre in Cairo; rather, añ: 
extensive account of the work appeared in. 
the centre’s Bulletin. oS 









Of plants and men ba 


emphasized the contrasts of administrative 
style and professional practice between 
these ostensibly similar countries. 

: It was, however, the issue of overall simi- 


made of a human 
“parallel to the so- 







ssence, this law — 
n fact, a rule — 
describes the rela- 
ionship between 
‘numbers of a given 
Species in a given 
area and their 
ombined biomass 
in such a way that a 
graph of biomass 
‘against distribution 
«density, both on a 
logarithmic scale, 
xhibits a linear 
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Netherlands, the population densities of 
which, in that order, appear to be similar to 
the secular development of a group of 
plants of one species, One could go on to 
draw attention to certain striking 
anomalies and to the historical, even 
anthropological, comments which are thus 
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the possibility that the ‘‘“~3/2 law’? may be 
represented in faunal distributions as well 
“as plants. Unfortunately, animals are more 
_mobile than plants. Also, the animals for 
yhich most distribution data are available 
to the non-specialist —- man — live in 
civilized communities within which false 
distributions arise due to activity 
specializations. Therefore, I decided to test 
“the theory at a national level by 
“weighing” whole nations, that is, noting 
he population size, and simultaneously 
etermining their distribution density as 1 
ation per national area, that is, 

(national area). This removes the 
momalies arising from urban 

“centralization, etc. 

The outcome of this trivial exercise is 
ost enlightening. On a worldwide basis, 
he aforementioned log-log graph appears 
t first sight to be a scatter plot. However, 

if straight lines with a gradient of -3/2 are 
superimposed on it, the nations line up in 
well ordered fashion, with those which 
“might instinctively be thought to be similar 
appearing on tht same line as one another 
sand distinctly separate from dissimilar 
nations. A particular case in point is repre- 
sented by Luxembourg, Belgium and the 





available to any reader prepared to repeat 
the diagram from simple demographic 
publications such as a family 
encyclopaedia. However, suffice it to note 
here that these observations are made 
entirely empirically — in the spirit of the 
original ‘‘~3/2 law”. Nevertheless, their 
implications may not be lost on those 
familiar with the all-embracing Gaia‘ 
concept. 
A.F. HAYTON 
18 Thorp Cottages, 
Ryton, Tyne & Wear, UK 
1. Shinozaki, K. & Kira, T, J. Inst. Polytech, Osaka City Univ, 
DT, 35 (1956). 
2. Tadaki, Y. & Shidei, T. J. Jap. For. Soc. 41, 344 (1959), 
3. Yoda, K., Kira, T., Ogawa, H. & Hozumi, K. J. Biol. Osaka 
City Univ. 14, 107 (1963). 
4. White, J.J. theor. Biol, 89, 475-500 (1981). 


5. Lovelock, LE. Gaia: a New Look at Life on Earth (Oxford 
University Press, 1979). 


Selfish ideologies 


Sik — Surely your opinion of Nature’s 
readership cannot be so low that, in order 
to hold our interest in a discussion of the 
bankrupting of Third World nations, you 
have to convince us that this would 
‘‘fimpede] the pursuit of research objec- 
tives of all kinds” (‘Planning for next 
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year’s summit”, Nature 309, 569; 1984). 
You might equally well challenge us to. 
oppose nuclear warfare on the grounds 
that it would fog our autoradiographs. 

At a time when the dominant political 
ideology encourages each group to defend 
its own interests with little regard to the 
suffering of others, it might be hoped that 
the scientific community, which purports 
to cherish ideals of vision and cooperation, 
would adopt a less parochial mentality. 

Let us be honest; the World Economic 
Summit achieved nothing for the unem- 
ployed in the West or for those in poverty in 
the Third World. Of course we need 
growth and innovation, but not to prop a 
tottering economic system. Rather, we 
need programmes of technological devel- 
opment and production designed to meet 
the real needs of our populations. Such 
programmes will not be forthcoming until 
the selfish ideologies reflected in your 
editorial are rejected, 

P.M. BRICKELL 
D. MURPHY 
Department of Biochemistry, 


Imperial College of Science 


and Technology, 
London SW7 2AZ, UK 


Mrs Malaprop at work 


Sir — It was interesting to see the article on 
molecular conformations in surfactant 
micelles (Nature 3 May, p.42) listed in the 
contents page as ‘‘molecular confronta- 
tion’’, True, there has been confrontation 
over the issue of micelle structure, but it has 
been between men and not molecules. To 
stretch it down to the molecular level is be- 
ing a little anthropocentric, is it not? 

D. BALASUBRAMANIAN 
Centre for Cellular and 
Molecular Biology, 
Hyderabad 500007, India 








Trouble whipping up 


Sir — As a one-time farmer but now 
dependent on commercial eggs for my 
cooking, I suggest a crucial control is 
missing from the letter from McGee et al. ` 
(‘‘Why whip egg whites in copper bowls?’’, 
Nature 308, 667; 1984). Their eggs appear 
to come from a commercial supplier and it 
is unclear whether or not they were free 
range. In my experience, the whites of 
fresh, free-range eggs beat more easily than 
do ‘‘fresh’’ commercially supplied ones, 
which may actually be several weeks old 
(they also make better mayonnaise, but 
that is another story). 

The diet of free-range hens may differ 
in the availability of trace elements such 
as copper, or the macromolecular 
composition of the egg white may change 
with ageing, or both. Can I suggest McGee 
et al. repeat their experiment with eggs of 
more accurately defined provenance? 

The Open University, STEVEN ROSE 
Walton Hall, 








Parental consent over embryos 


R.G. Edwards & M. Puxon QC* 


A British researcher and a barrister argue the need for clarification of the role of genetic parents : 
in the determination of the use made of fertilized embryos in research and medical practice. 


THE problems surrounding research on 
spare embryos are new to ethics, and strike 
at the root of life itself. On the one hand, 
such ‘research could open undreamt-of 
vistas of improvement and amelioration 
for mankind; on the other, it raises fears 
that, by interfering with life’s earliest 
beginnings, it may threaten the sanctity of 
human life in general. The kernel of the 
legal problem is this: when does an embryo 
become a human being, and therefore 
attract the protection given by the law to 
helpless members of society? The ethical 
problem may- well be different, and might 
depend on the answer given by the law to 
the essential question. 

At present there is no legal definition of 
the beginning of life. It is illegal to 
terminate a pregnancy! except under 
certain conditions related to the health and 
welfare of the mother’, but there can be no 
abortion where there is no child. Recently, 
in the furore over the post-coital pill, the 
Attorney-General refused to prosecute 
those who prescribed the pill-on the basis 
that there could be no pregnancy where the 
fertilized ovum had not imbedded: by 
‘analogy, the embryo. produced in vitro is 
not a life which demands the protection of 
the law. 

How does this affect the requirement for 
parental consent for research on such 
embryos? Those organizations which 
concern themselves with the ethics of 
human fertilization in vitro insist that such 
consent should be obtained before research 
is carried out on the embryos growing in 
culture. A limit is generally prescribed for 
the duration of embryo culture — for 
“example, 14 days after fertilization — even 
by those who recognize the desirability of 
research. The question of whether or not 
parental consent is necessary cannot be 
decided by reference to the practice 
universally followed by physicians and 
institutions, because a different entity is 
under consideration. 

Nevertheless, consent would seem to be 
desirable, even if not strictly necessary for 
research, whatever the legal status of the 
embryo may be. After all, the gametes 
come from the parents and must ‘‘belong’’ 
to them in some sense of the word. But 
consent is not a clear-cut issue, and before 
anybody sets out to obtain such consent, 
some important questions should be asked 





AR. G, Edwards is at the Physiological 
Laboratories in Cambridge and M. Puxon is a 
practising leading Counsel, 





about the motives for obtaining that 
consent.. The first motive inevitably is to 
avoid legal complications. Where the 
parents give their consent freely, with clear 
knowledge of what the programme of 
research entails at least in general terms, 
they cannot thereafter complain, let alone 
take legal action against the researcher or 
the institution where it is carried out. 
Ethical considerations apart, this is an 
obviously sensible step to take. 

But there is another important aspect of 
parental consent. The parents have a 
responsibility for their offspring, and it 
may well be argued that this responsibility 
extends to the early embryo. What the 
parents’ rights and duties are has not yet 
been decided by the law, but on the 
assumption that the embryo ‘‘belongs’’ to 
its parents, as a sort of chattel, and is their 
sole property, they can dispose of their 
embryos as they wish. 

Many people would insist that this 
assumption is wrong, and that embryos 
have rights of their own, even full human 
rights, immediately upon fertilization; for 
such people, parental consent would not 
overcome the affront-to the embryo. If itis 
argued that the consent of the embryo is 
required, which of course it cannot give 
itself, then on the analogy of the young 
child giving consent to an operation, its 
parents could consent on its behalf. 
Neither an institution nor a professional 
organization, nor even a government, 
could give such consent, and any interested 
party could step in if such consent were 
given by the parents and make the child a 
“ward of court”; and the court would 
probably refuse to give consent on its 
behalf. 

One thing is certain: no form of consent 
by the parents can exclude the rights of the 
child, when born, to sue the. scientist or 
doctor for any damage suffered as a result 
of negligence in culture maintenance, 
research or freezing at the embryonic 
stage>. While a live birth following embryo 
research may seem unlikely at present, with 
the application of new techniques of sexing 
and identification of genetic defects, sucha 
possibility must be faced. 

The question of consent for embryo 
research is particularly important in cases 
of known genetic disorders in the patients, 
husband or wife, to avoid replacement of a 
genetically disabled embryo. The question 
becomes even more poignant in cases of 
embryo donation and surrogate mother- 
hood, 











If research on embryos is to be generally 
accepted and carried out, it can be done. 
only on the basis of two assumptions. Firs 
embryos in vitro do not have any ri 
until a stage of development well past th 
proposed studies; in this case, parental 
consent would be enough. Second, an 
request for consent from the parents inevi 
ably places them in a predicament. In. th 
case of a developed child, parents would i 
general be acting wrongly if they gave the 
consent to any procedure which was not to: 
the direct advantage of the child, except in 
unusual circumstances such as kidney 
donation between identical twins: The 
situation. concerning parental consent. 
arises poignantly with fetuses as Teifel? ha: 
pointed out: parents aborting their fetuses 
have condemned them already, and are th 
last people to be asked to give consent fo: 
research, for ethically it can be seen as 
double wrong to the child. 

If this argument about advantage applic 
to embryos, the only parental consen 
possible would be to replace the embryo i 
a recipient to confer its best chance o 
survival. But to most of us, there is a grea! 
ethical difference between a minut 
cleaving embryo and a fully-differentiate 
mid-term fetus, so that the analogy isnota 
helpful one. The legal clarification ‘of 
embryonic rights, if any, is a first step toth 
solution of this dilemma. oe 

The need for research is fundamentalto 
the process of in vitro fertilization 
Scientists and physicians have a duty to 
ensure that an embryo replaced. in its 
mother for growth to full term is as normal: 
and healthy as it can be. Their duty to a 
potentially live-born child must be over- 
whelmingly greater than to the cleaving: 
embryo in vitro, and this duty must.apply 
to.attempts both to alleviate infertility and: 
to avert inherited and other defects in the. 
resulting children*. To undertake in vitro. 
fertilization without guarding as far as. 
possible against the birth of handicapped 
children is indefensible. The clinical appli- 
cation of in vitro fertilization in all its 
forms demands research on embryos, but: 
this should be undertaken only in full 
awareness of the complexities of parental. 
consent. It is to be hoped that there will bea. 
clarification of the legal status of these 

















early embryos in vitro before long. EE 
1. Offences Against the Person Act, 1861, s.58. 

2. Abortion Act, 1967, 5.2. 

3. Teifel, H.O. New Engl, J. Med, 294, 85-90 (1976). 

4. Edwards, R.G. Pontifical Academy of Sciences (Vatican) :. 


S1, 193-249 (1984). By 
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Angle constraint for nuclear- 





pumped X-ray laser weapons 


E. Walbridge* 


_Nuclear-pumped X-ray laser weapons are constrained to have an output beam divergence that is at 
_least as great as a certain minimum value. Because this value is large, such weapons used for ballistic 
missile defence will require disturbingly high megatonnages in space: for example, a total of > 73 
megatons within range of 1,000 attacking missiles, with individual warheads up to 3.7 megatons 


or higher. 


¿Ir has been suggested! that X-ray lasers, 
. placed in space and pumped by the deton- 
“ation of nuclear bombs, could be used to 
destroy Soviet missiles launched against 
-the US. Pulses of radiation from the lasers 
ould be directed at the missiles in their 
_ boost phase?-4. I now describe a 
fundamental constraint on the operation 
of such weapons: the divergence of the 
output beam must be as great or greater 
han a certain minimum value. This is a 
function of the wavelength, A, of the 
Output laser radiation and the length, L, of 
the laser rod. For A = 14 Aand L = 2m, 
the minimum value is 2.92 x 10° rad for the 
-beam-divergence half-angle. Thus, at a 
target 2,000 km from the weapon, an 
-Output pulse will have spread out to cover a 
-circular area of radius 260m. Assuming a 
-reasonable value for laser efficiency, I find 
that a sizeable nuclear bomb (such as 23.7 
megatons (Mton) for a 50 laser-rod 
weapon) is required for laser pumping if 
“the pulses are to be lethal against 50 fully 
“hardened Soviet intercontinental ballistic 
missile boosters. At least 20 such weapons 
would be needed to defend against an 
attack of 1,000 missiles, for a total within- 
target-range warhead energy of > 73.2 
Mton. With fewer boosters targeted by 
each weapon, the kilotonnage of each 
warhead can be reduced, but the number of 
weapons is increased (for a fixed number of 
attacking missiles) such that the total 
within-target-range warhead energy 
“remains constant. 











Unclassified literature data 
X-ray laser weapons could be either based 
in space or lofted into orbit on warning of 
an attack!. The latter approach now seems 
to be favoured. According to Robinson’, 
an X-ray laser weapon would consist of 
about 50 laser rods arranged in a ‘ring’ 
‘around a nuclear warhead. The weapon 
would operate as follows; (1) the pointing 
and tracking system would separately align 
each rod on a target; (2) once all the rods 
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had been aligned the warhead would be 
detonated; (3) X rays from the detonation 
would pump each of the 50 or so rods; (4) 
each rod would lase with the output pulses 
leaving the rods before they were totally 
destroyed by the expanding fireball; and 
(5) the laser pulses would propagate 
through space to their respective targets, 
destroying them by impulsive loading. 

Ina test of a nuclear-pumped X-ray laser 
by Livermore National Laboratory at the 
Nevada underground nuclear test site, a 
pulse of output laser radiation! was 
produced. This output pulse was of very 
high intensity (‘‘several hundred 
terawatts’’), of very short duration (‘‘of the 
order of nanoseconds’’), and consisted of 
X-ray radiation of 14 A wavelength. 

In the laser weapon, each rod would: 
consist of ‘‘an atomically dense substance 
in solid form’’, and be essentially cylindri- 
cal in shape, with an estimated length of 
3-8 feet and a ‘‘very small diameter’’!. 

Apparently Livermore has tested a 
nuclear-pumped X-ray laser more than 
once, because Robinson® later refers to 
“‘two partially successful underground 
tests”. For X-ray laser weapons, critical 
issues include ‘‘demonstration of high 
efficiency and low beam divergence’’®. 


Generation of output pulse 

The initial fireball created by the explosion 
of the warhead in the laser weapon can be 
taken to be a black body at 10° K. At that 
temperature, the photons emitted at the 
peak of the black-body curve have an 
energy of 43 keV, while the average photon 
energy is roughly 10 keV, which corre- 
sponds to a 1.24-A wavelength. Thus the 
photons emitted by the fireball are in the 
X-ray range. In the fireball, electrons are 
coupled to ions by electrostatic forces, thus 
the two species will expand outward at 
essentially the same speed. Assuming a 
typical ion has the mass of Sr (produced 
as a fission product), the velocity of 
outward expansion (v) to velocity of light 
(c) ratio will be v/c = 0.0008. Consider just 
one laser rod. It will be converted, by the 
intense flux of photons from the 
detonating warhead, to a plasma of élec- 
trons and multiply ionized ions. This 








plasma will be transparent to X rays, in 
contrast to solid matter which is opaque. A 
population inversion will be created 
between certain ion energy states of low 
principal quantum number, n. Probably 
the laser will be a photoionization laser’’, 
which achieves inversion by the 
preferential photoejection of electrons 
from inner atomic shells. Or it might be a 
plasma-recombination laser, which 
achieves inversion during recombination 

ofa plasma”. 

Three Russian authors! have considered 
photoionization lasers in which photons of 

~10 keV or more pump ions of atomic 
number Z~ 30 to inversions between n =3 
and 4,5. The inversions occur because the 
n =3 level is depopulated by photo- 
ejection more rapidly than then = 4 and 5 
levels. For Z =30 (zinc), then =Ston =3 < 
transition yields a photon of 14.2 A wave- 
length''!, that is, essentially the output 
wavelength in the Livermore nuclear- 
pumped X-ray laser test!, 

Because of the low reflectivity of 
materials to normally incident X rays and 
the intense photon flux that would destroy 
mirrors, these cannot be used by a nuclear- 
pumped X-ray laser. Hence, the laser must 
achieve emission in a single pass. 

The requisite single-pass amplification is 
produced by amplified spontaneous 
emission (ASE), ASE!?""” is just stimulated _ 
emission in a high-gain, single-pass, 
saturated amplifier with no feedback. The 
output pulse of an ASE laser consists of a 
superposition of component pulses — each 
arising from the amplification of a spon- 
taneously emitted photon that happened to 
be directed approximately along the axis of 
the laser medium. 


Beam-divergence angle 

Before detonation of the warhead the 
laser rod is a cylinder of length L and 
diameter D, as shown in Fig.la. After 
detonation, the ion~electron plasma 
resulting from photoionization of the 
atoms in the rod can be taken to be in the 
form of a cylinder having length L and 
diameter D’ (Fig.1b). D' is constant with 
position, x, along the plasma cylinder and < 
constant with time, z, between the moment. 











the laser pulse begins to amplify and the 
moment it leaves the rod. The diameter D’ 
can differ from D, 

A photon spontaneously emitted near 
the left end of the plasma cylinder in Fig. 1b 
and directed towards the right along the 
horizontal centreline GJ will be amplified, 
-'as. will spontaneous photons similarly 
emitted on the left but directed towards the 
¿right along FK and HI. Thus the output 

pulse will be a superposition of elemen- 
* tary pulses, each of these being coherent 

and having resulted from the amplification 
< of a distinct spontaneous photon. 
_ Neglecting diffraction, the angular 
“divergence of the output beam will clearly 
have half angle D °/L rad. 

The diffraction half angle, Qarr, is given 
_ by Ogi = 1.22A/D'. The total output beam 
half-angular divergence, 6,,,, consists of 
. D*/L-and Ba combined. There are two 
physically plausible ways to combine D’/L 
> and Oyy: they can be simply added 

“together, or obey can be combined 
ae according. oto the equation 
ror “= [(L.22a /D’Y + (D /LY]? 8) 
Equation (1) leads to a smaller value for the 
minimum beam-divergence angle than is 
obtained by just adding D'/L ana Ogre 
together, so we use equation (1) in the 
> following. As D O the diffraction term 
in equation (1) becomes arbitrarily large, 
while as D'—& the other term (the 
geometric divergence term) becomes 
arbitrarily large. Clearly, in between @,,, 
has a minimum. 
Setting the. derivative of equation (1) 
equal to zero, one finds, forthe minimizing 
value, D'an OPD”; 
D n = (1.2241) (2) 
and for the minimum value, Bomo Of bo 
corresponding to D’ 


mn? 


Brotmn = (2.440/L)'/? (3) 


For A = 14 A and L = 2 m, these two 
equations yield: D’ mn = 58.4 um, and B otmn 


= 4.13 x 105rad. 
Now, equation (1) is based on the Fig.1b 


<` model of the amplification process, in 


-" which model D’ is taken to be constant as a 
| function of x and z. In the general case, the 
= diameter of the plasma column will be 

D'(x, t), a function of both xand t. Will this 
dependence on x and f¢ lead to a lower 
value of total output beam half-angular 
divergence than that given by equation (3)? 
I have considered all the different 
possibilities for the function D' (x, and 
find that there is a subclass of all such 
functions for which total output beam 
» half-angular divergence is less than the 
© value given by equation (3). This subclass 
“consists of functions: (1) of the form 
D (x,t) = D'(x) where D’(x) is the diameter 
-ofa right cone as a function of the distance, 
x, along its axis (Fig.2); and (2) for which 

< D'(L) lies within a certain range, R. 
























Fig.1 a, The laser rod, of diameter D and 
length L, before detonation of the 
warhead. b, The plasma column, taken to 
be a cylinder of diameter D ’ and length L, 
into which the rod is converted through 
photoionization by photons. from the 
fireball. 
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Fig.2 A cone-shaped plasma column, 
shown in cross-section, yields the 
minimum beam-divergence angle. 
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Fig.3 6,,, versus D’ and 9,4 versus 
D(L). The half-angle beam divergence 
cannot be less than Ororamn = 2.92 x 10-5 
rad in the case of A = 14AandL = 2m. 





The total half-angular beam divergence 
for a cone-shaped plasma column (Fig.2), 
designated 6,,,,, will be given by 


Broa = [(1.224/D L)? 
+ (D(Ly/2Ly]* (4) 


For D'(L) = D' = d (where D’ refers to 
Fig.1b), bora Sho for alld. Ooa and 6,,, are 
each plotted in Fig.3 forà = 14AandL = 2m. 
In Fig.3 the horizontal line corresponding 
tO Oomn =4.13x 10% rad intersects the 
Sota Curve at two points. For A = 14 A and 
L = 2 m, the range R consists of those 
values of D'(L) lying between the abscissae 
of these two points, and for D’(L) within 
this range Boa < Bioman: For general A and 
L, R consists of those values of D' (L) for 





boosters®. Hence, the maximum fluencei 


which 6,,,, (D’ (L) < Bone? The ce curve 
attains its minimum value, @otamns at 
D'(L),,- Setting the derivative of equation 
(4) equal to zero, one finds, 


D (Linn = 2'2 (2AL) 
and ao 
6) 
For given A and L, no function D (x,t) 
yields a value of total half-angulat 
divergence smaller than 8, o.mn- 

Note that Osam given by equation (5), 
is the minimum total half-angle divergen 
one can attain with a nuclear-pump 
X-ray laser. No matter what the actual, 
time-varying, shape of the plasma colum 
Brotamn is simply the best one can do 
minimizing beam spread. Setting As 14A 
and L = 2m in equation (3) gives 6, , daia 
2.92 x 10° rad. 


Brotamn = 2° (2.44A/L)* 


totamn 


Rods at different targets 


According to Robinsont, ‘‘each lasing rc 
is separately aligned on a target by the 
pointing and tracking systems’ 
Presumably: this means that each rod is 
pointed at a different target. Assuming 
that to be the case I now explore the 
implications. 

What is the maximum fluence, 

Jom”, froma single laser rod and for given 
warhead energy, that would arrive at a 
target missile 2,000 km from an X-ray la: 
weapon? The maximum fluence is attdined 
when the laser beam divergence half-anj 
is a minimum, that is, when it equals Boian 
We make the following assumptions: 
(1) 4 = 144; Q) L = 2 m; G) warhead 
energy = ie kton = 4.18 x 10! J; (4) 70% 
of the warhead energy goes into X:rays'®: 
(5) there are N laser rods around the 
warhead and each rod/plasma colun 
absorbs 1/Mth of the total number of X-ray 
photons from the exploding warhea 
(This assuniption is conservative since only 
a fraction, < 1, of the 1/Nth phoions wil 
actually pass through the volume occupie 
by the rod/column, and not all of these will 
be absorbed. The validity of thi 
assumption increases as the solid angle 
subtended by all N rods increases, that is, 
as Nincreases.); (6) each X-ray laser rod i 
10% efficient, that is, the energy of th 
output X-ray pulse from each rod is 10% o 
the X-ray energy absorbed by th 
rod /plasma column. 

The maximum fluence striking the targe 
is then (4.18x 10!3J) (0.7) (0.1) 

INQ x 10%cem)?(2.92 x 105 n] = (2.73 x 10*/N) 
J cm?. For N=50, the value cited i 
ref.1, (2.73 x 104/N)J cm? = 0.55 x 103J cm? 
Most of this energy will be absorbed by the- 
target. I assume that it all is. The maximum 
fluence levels that present Soviet booster 
can withstand without being destroyed 
their hardness levels, lie in the rang 
0.4-2x103 J cm’, according to ref.6. 
However, a hardness of up to 20 x 103 Jem" 
could be achieved by future Soviet. 




























































































cient to ‘kill’ present Soviet boosters 
but not fully hardened ones. 

An efficiency of 10% is quite optimistic. 
me would expect an X-ray wavelength 
photoionization laser to have a maximum 
ficiency of the order of 1% (M.A. 
uguay, personal communication). If we 
ake the target to be 2,000 km from the 
weapon, the efficiency to be 1%, with 
assumptions (1)-(5) above, unchanged, 
and N= 50, the absorbed energy is only 
0.055 x 103J cm?, a sub-lethal level for 
both present and hardened Soviet 
oosters. With a 1% efficiency and the 
target at 1,000 km, the fluence at the target 
will be 0.22 10°] cm”, a still sub-lethal 
evel for both. These estimates assume the 
minimum beam spread, 2.92 x 10>rad, for 
b= 14 Aand L=2m. In an actual nuclear- 
pumped X-ray laser weapon the spread 
~ would almost certainly be larger. 

Hence, due to the intrinsic limit, 8.o:amn> 
n the beam spread, a nuclear-pumped 
ray laser weapon with a 10-kiloton 
warhead and a laser efficiency of 1 % will be 
ineffective in destroying hardened Soviet 
boosters, even if they are obligingly close. 
Of course, the warhead energy can simply 
be increased. Below the level at which the 
- laser saturates this will yield an increase in 


efficiency of 1%, the target at 2,000 km, a 
§0-rod weapon, and assuming pulse energy 
varies linearly with warhead energy, a 
> 73-kton warhead would be required for 
lethality in the case of 0.4x10°J cm? 
hardness, and a > 3.7 Mton warhead in the 
ease of 20x10°J cm? hardness! The 
testing of a 73 kton weapon — equivalent 
to about 5 Hiroshimas — would at least be 
“easy to monitor. 

If a 3.7 Mton weapon were tested in 
space, how would it affect US and 
Soviet communication, control and sur- 
veillance satellites? And, via electromag- 
netic pulses, ground-based systems? These 
questions should be answered in the 
‘unclassified literature. 


ods at the same target 

We now consider the case in which all N 
ods in an X-ray laser weapon are pointed 
the same target. 
n this case, a 10 kton warhead is 
ufficient to achieve lethality against 
resent Soviet boosters, but not against 
ully hardened future ones, when assump- 
ns (1), (2), (4) and (5) are satisfied, the 
aser rod efficiency is 1%, and the boosters 
te 2,000 km from the laser weapon. The 
ame is true even when the target boosters 
€ only 1,000 km away. 

Scaling warhead energy up to achieve 
ethality, at 2,000 km range, against Soviet 
Oosters fully hardened to 20 x 107J cm, 
other assumptions as above, the requisite 
warhead energy is found to be >73 kton. 
Though considesably smaller than the 3.7 
‘on found above for the fully hardened 
sooster, multiply-iargeted case, this energy 
s still sizeable. Further, with all 50 rods in 














each weapon pointing atthe same target, 50 
times as many weapogs.are required as in 
the multiply-targeted case. The Soviets 
have 1,398 land-based intercontinental 
ballistic missiles!?. If the boosters in these 
missiles are hardened to 20 x 10°J cm? and 
if 1,000 such hardened boosters were 
simultaneously launched against the US, at 
least 1,000 nuclear-pumped X-ray laser 
weapons, each having > 73 kton warhead 
energy and a target booster within its 2,000 
km range, would be required to kill the 
attacking boosters. 

If the laser weapons are kept in orbit, as 
opposed to being ‘popped up’ from the 
Earth's surface on warning of attack, the 
total number of weapons will be much 
greater — at least by a factor of 25 — to 
always keep a sufficient number of 
weapons within range of the boosters as 
they move around their orbits. So, for 
orbital deployment at least 25,000 weapons 
are required, each of > 73 kton. This is for 
a weapon-to-booster range of 2,000 km. 
For a longer range, the number of orbiting 
weapons required will decrease but the 
kilotonnage of each must increase. What 
would be the environmental effects of 
placing 25,000 weapons into orbit? How 
would the release of 73 x 10° kton affect 
US space-based command, communication 
and control systems? And if the warheads 
on the 1,000 in-range weapons are not 
detonated nearly simultaneously, how will 
early detonations affect the pointing 
accuracy and overall functioning of the 
subsequently-to-be detonated warheads? 
How many 73-kton warheads would need 
to be detonated at one time in a test? One 
hundred, perhaps? 

If, instead, the laser weapons are popped 
up, say from submarines, there may be 
insufficient time for the weapons to reach 
an altitude at which they can ‘see’ the 
attacking missiles, aim at them, and fire, 
before burnout of the missiles’ boosters. 


Groups of rods 

Suppose the N rods in an X-ray laser 
weapon are divided into g groups of N/g 
rods each, all the rods in each group are 
aimed at the same booster, and different 
groups are aimed at different boosters. We 
have I< gs N. 

Let F, denote the total fluence absorbed 
by a booster, at distance r from the laser 
weapon, due to all N/g rods directed at the 
booster. We have 


Fy = 0.7E¢/[g(r x 2.92 x 10°)*n] (6) 


where E is the warhead energy, and e the 
laser rod efficiency. 

Setting Fp = 20x10J cm“, the 
maximum hardness of future Soviet 
boosters, substituting this value for Fy into 
equation (6), and solving for Æ when 
€ =0.01 and r=2,000 km, yields 


E=E,=gx73.2 kton (7) 


where E, denotes the minimum warhead 
energy that would be lethal. against a 


maximally hardened fut 





Soviet booster. 
For N=450 rods all pointing at different 
targets, g = S50 and EZ, =3.7 Mton, as noted 
above. For 50 rods all pointing at the same 
target, g = 1 and £, = 73.2 kton. 

If B boosters are simultaneously 
launched by the Soviets, the minimum 
number of within-range X-ray laser 
weaons, W, necessary to kill all the 
boosters, assuming no misses, is related to 
Bby the equation. 


Eliminating g from equations (7) and (8) 
yields 


E,W=Bx73.2kton (9) 
Therefore, the product of E, and W is 
proportional to B for given € and r; for 
€ = 0.01 and r= 2,000 km, the constant of 
proportionality is 73.2 kton. Equation (9) 
states that the total within-range kilo- 
tonnage, E,W, on the W weapons, is 
independent of g. For example, if B = 1,000 
boosters, € =0.01, and r= 2,000 km, then 
E,W = 73.2 Mton. No matter what the 
value of g, be it 50, or 1, or I< g< 50, or 
<N> 50, there must be 73.2 Mton within 
range of the 1,000 boosters. This is a dis- 
turbingly large energy — whether placed in 
20 weapons each having E,=3.7 Mton 
(g = 50 = N), in 1,000 weapons each having 
E,=73 kton (g=1), or in some inter- 
mediate number of weapons all with an 
intermediate E, =73.2 Mton/W 
G< g< 50). The 73.2 Mton in W weapons 
is required because of the large beam 
spread, which is at least 2.92 x 10° rad in 
half-angle. 

However, this large beam spread has the 
advantage of reducing the need for 
precision pointing, since with that spread a 
lethal fluence would extend over an entire 
circular area of radius 60 m at 2,000 km. 

I thank G. Marsh (HITR, H. Haus 
(MIT), A. Javan (MIT), K. Tsipis (MIT), 
L. Allen (University of Sussex), and M. 
Duguay (Bell Laboratories) for helpful 
discussions and K. Tsipis for supporting 
this work. 
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Immunology made accessible 


In immunology, abstract concepts are being made tangible by molecular structures. One new 
development shows that protein structure can evolve without changing common architecture. 


THERE are two ways of regarding the recent 
spate of understanding gathered by 
molecular biologists of the molecules 
characteristically involved in the immune 
response of vertebrates: either more data 
mean that a field which is already too con- 
fusing may be further confused, or the 
‘point may have been reached at which con- 
fusion is dispelled. What follows is based 
on the assumption, hopeful though it may 
be, that. the second is the better approxi- 
. mation to the truth, and that two articles 
elsewhere in this. issue (pp.233 and 235) 
bear this out. 

‘As in many other circumstances, con- 
cepts that at first must perforce be des- 
cribed in abstract terms (gene for example, 
or for that matter electron) are not easily 
turned over in the mind, or argued about. 
To begin with, the definitions of crucial 
> concepts will be, at best, partial 
definitions. Historically, the electron 
_ began life as a carrier of electricity, charge 
“and mass unspecified, and became a 
tangible entity only when.J.J. Thomson 
- ‘had shown that the ratio of charge to mass 

is aconstant. Genes began as abstractions, 

the propensity ofan organism to have an 

external attribute of some kind, with only a 

few rules restricting the mechanism of their 

inheritance. 

The. classical concepts of immunology, 
antigen and antibody, have a similar and in 
many ways even more confusing history. 
Antigens began life empirically as materials 
that would evoke a neutralizing immune 
response in vertebrates into which they are 
injected, and antibodies were the agents of 

that neutralizing activity. This circular 
definition nevertheless had the merit of 
explaining a variety of phenomena, if pre- 
: dicting few. 

‘Throughout the classical period in 
< immunology, the outstanding puzzle was 
the capacity of the vertebrate immune 
“system to respond specifically to an 
apparently infinite variety of antigens, 
some of them made only recently by 
organic synthesis and which thus can have 
played no part in animal evolution. Only in 
the past decade has this process been made 
tangible by the recognition that antibody 
molecules have a common molecular 
„architecture, but that the common plan 
includes regions where the amino acid 
_ sequence may be widely varied as a conse- 
uence of the ways in which bits and pieces 
__ of genes are physically rearranged within 
: the lymphocytes called B cells. 

2 So here i is one component of the immune 
















system made tangible. Immunoglobin 
molecules are Y-shaped structures consist- 
ing of two identical halves, with the vertical 
stem of the Y anchored in the external 
membrane of the cell producing it. The an- 
chor has the same amino acid structure for 
each class of immunoglobins. It is generally 
assumed that the immune system makes all 
possible combinations of the bits and 
pieces which constitute the variable genes, 
but that those which appear in measurable 
amounts are those required by the exigen- 
cies of survival. Little is known for certain 
of the degree to which the diversity provid- 
ed by gene rearrangement is supplemented 
by mutation in situ, or of the mechanism by 
which genes are rearranged. 

This is the stuff of which primers are 
written. Most of the excitement in the past 
four years that immunologists have mostly 
shared among themselves has centred on 
the lymphocytes called T cells, which pro- 
duce no antibodies but which either kill off 
cells carrying antigens characteristic of, 
say, a virus infection or which assist the im- 
mune response in other ways. 

So if T cells must have ways of recogniz- 
ing antigens, what more natural than that 
they too should be constructed from the 
genes that make antibodies? Not so. By 
two years ago (see Jensenius, J.C. and 
Williams, A.F. Nature 300, $83; 1982), all 
that was known of the ‘T-cell receptor” 
was that no substantial part of it has much 
in common with the immunoglobins. 

What had however become apparent was 
that T cells will recognize antigens on other 
cells only if these are associated in the cell 
membrane with the antigens which control 
the histocompatibility (skin grafting) 
reaction; presumably the histo- 
compatibility antigens which the body has 
learned to tolerate seem like those 
belonging to some other individual when 
associated with, say, a protein produced by 
a virus infection. And people were already 
surmising (Robertson, M. Nature 297, 629; 
1982) that T-cell receptors and the histo- 
compatibility antigens are anchored in the 
cell surface in much the same way as anti- 
body molecules, although the sources of 
variability and thus specificity are, of 
course, not gene rearrangements. 

Earlier this year, the common features of 
the architecture of all these molecules — 
immunoglobulins, T-cell receptors and the 
two classes of histocompatibility antigens 
~~ were reasonably well understood. The 
class I antigens are, for practical purposes, 
those that provoke a cytotoxic immune 





response, the class I antigens those. that 
stimulate the helper function. Nothin 
however, is known of the ways in whi 
these antigens interact with foreign an 
gens in the membrane of, say, virally 
infected. cells to produce their immuno- 
logical provocation. At the end of June, 
however, the structure of what seems to be 
the T-cell receptor was described (Saito, 
et al. Nature 309, 757; 1984). 
Thearticle by P, Travers et al. (this issue 
p. 295) is something of a diversion, but: 
cheerful one. What this group has done is 
to use a computer model to infer the struc- 
ture of membrane-bound molecules i 





class H histocompatibility from their 


known (or inferred) amino acid sequence. 
Put simply, the conclusion is arresting: 
although the detailed correspondence 
between the structure of these molecules 
and those of the immunoglobins is insub- 
stantial (‘flow homology” is what. the 
molecular biologists would say), the 
general architecture of the molecules is very 
similar. Again, there is a stem anchored in 
the cell membrane by. the hydrophobic 
character of its amino acids. Again, the 
external region is that which carries the 
variable (and thus the specific) part. 

In spite of the element of circularity in 
this argument stemming from the way in 
which the structure of antibody molecules 
has been allowed to guide the model- 
building, the significance of this neat con- 
struction should not be overlooked. In 


passing, it says much about the power of- 
computers as tools for building molecular. 


models, More pointedly, it is a powerful 


demonstration that two molecules may: 
differ considerably from each other in their ` 


detailed structure and yet have their 
general architectural shape in common. 
Inevitably, as the authors point out, this 
bears directly on the evolution of the dif- 
ferent components of the immune system. 


The rules of the game are that the changes _ 


may be rung on successive nucleotides in 


the genes, and thus on the amino acids; 
subject only to the constraint that the: 
architecture of the molecules should be: 
preserved. Their estimate that it has taken 
500 million years to accomplish the’ 


specialism and diversity of the vertebrate 
immune system is less striking than their 
repetition of the suggestion that the 
immune system has evolved from some 
earlier means 
aggregates of cells, sponges or corals, 


distinguished members of their own: 
John Maddox 


species. 


by whith primitive = 



























Botany 





Manipulation of photosynthesis 


from J. Barber 


BEFORE the goal of creating improved 
cultivars of crop plants by in vitro genetic 
engineering can be reached, it will be neces- 

‘ary to establish appropriate molecular 
biological techniques for precise gene 
ransfer and to identify the key physiolo- 
gical processes and biochemical reactions 
hat must be changed to produce the new 
arieties. In response to these challenges 
’Britain’s Agricultural and Food Research 

Council (AFRC) sponsor two priority pro- 
grammes. One is concerned with develop- 
-ing techniques for the genetic manipulation 

of plant cells (see Nature 304, 498; 1984). 
The groups that contribute to the other 
programme, which aims to elucidate the 

processes that limit photosynthesis and 

Plant growth, met recently to consider the 

‘outcome of its first five years. A clear 

message from the meeting* was that there 
“has been a substantial increase in 

knowledge which is now starting to form a 
‘firm basis for closer interaction with the 
molecular geneticists. 

_ Our knowledge of the organization and 
functioning of the light-harvesting system 
and associated electron-flow processes has 

advanced to such a level that it is now pos- 
¿sible to give rational explanations to the 
mechanisms by which some, but not all, 
‘plants can adjust to growth at different 
temperatures and under different lighting 
conditions. Both of these environmental 
‘factors are commercially important to the 
agricultural and horticultural industries. 
“As emphasized by C. Pollock (Welsh Plant 
‘Breeding Station, Aberystwyth), the con- 
trol of photosynthesis and plant growth is 
not just at the level of electron transport 
but also involves optimization of carbon 
metabolism and the adoption of various 
strategies for partitioning assimilates. 

< It is seldom clear which specific proteins 

should be the (indirect) targets of genetic 

manipulation in order to create new crop 
plants but there are already some examples 

‘where molecular biology is having con- 

iderable impact. For example, there is the 
,000-molecular weight protein which is a 
ructural component of the photosystem 

‘Ii-complex and is known to bind a wide 
range of commercially important her- 
bicides, including the triazines, ureas and 
‘nitrophenols, This hydrophobic protein is 
coded for in the chloroplast genome and its 
amino acid sequence has been determined 
from the gene sequence (Zurawski, G. etal. 
Proc. natn. Acad. Sci. U.S.A. 19, 7699; 
1982), J. Hirschberg and L. McIntosh have 
_» sequenced the same gene, but isolated from 
__ the atrazine-resistant biotype of the weed 








*Agricultural and Food Research Council's Meeting on 
Photosynthesis, 15-17 April, University of Sheffield, where 
Professor David Walker has recently established a Research 
> Anstinite of Photosynthesis. 








Amaranthus hybridus, and conclude that 
the resistance can be accounted for by a 
single amino acid change (Science 222, 
1346; 1983). According to Alison Telfer 
(Imperial College, London) there is little 
difference in the photosynthetic capacity 
of atrazine-resistant and atrazine-suscep- 
tible plants of four different species, suggest- 
ing it would not be detrimental to ‘engin- 
eer’ atrazine-resistance into crop plants. 
Techniques for specifically manipulat- 
ing the chloroplast genome have not so far 
been developed, but site-directed muta- 
genesis is proving to bea valuable approach 
when altering plant proteins synthesized by 
gene expression in bacteria, in particular 
the enzyme ribulose bisphosphate (RUBP) 
carboxylase. It is this enzyme which fixes 
CO, by using the reducing power and ATP 
generated by light-induced electron 
transport. In higher plants the enzyme is a 
complex consisting of eight large and eight 
small subunits while in some photosyn- 
thetic bacteria the enzyme structure is 
simpler. As G.H. Lorimer (Du Pont de 
Nemours Co., Wilmington) outlined in an 
overview lecture, the carboxylase activity 
of this enzyme requires the initial 
formation of a chemical complex of CO, 
and a divalent cation. Its activation and 
subsequent catalysis are affected by a range 
of metabolites, the significance of which is 
not yet fully understood for the in vive 
system. Perhaps the most striking and 
important feature of the enzyme is its 
ability to catalyse an alternative reaction 
involving the oxygenation of sugar 
bisphosphate. Both the carboxylase and 
oxygenase reactions occur at the same site 
and compete with each other. The oxy- 
genase reaction produces phosphogly- 
collate and the metabolism of the resulting 
hydroxy acid leads to release of CO, in a 
process known as photorespiration. 
Because this alternative pathway is ener- 
getically wasteful, especially at limiting 
light intensities, it is a goal of the AFRC 
programme to manipulate the enzyme 
genetically so as to increase its carboxylase 
activity and decrease its oxygenase activity. 
Site-directed mutagenesis is the obvious 
approach, and forms the basis of some 
encouraging work by S. Gutteridge 
(Rothamsted Experimental Station) in 
collaboration with G, Lorimer, on the in 
vivo site-directed mutagenesis of the 
RUBP carboxylase of the photosynthetic 
bacterium Rhodospirillum rubrum. 
Although this enzyme consists of only two 
identical subunits, its amino acid sequence 
is remarkably similar to that of RUBP 
carboxylase from higher plants, 
particularly in a region of acidic amino 
acids involved in activation of the enzyme. 
At residue 198 there is a highly conserved 














aspartic acid which Gutteridge and 
Lorimer chose to replace by glutamic acid. 
The modified enzyme, synthesized in 
Escherichia coli, was found to have lower 
carboxylase and oxygenase activities as 
well as a modification in its divalent cation- 
binding properties. This result not only 
provides further evidence for the common 
catalytic site of carboxylase-oxygenase 
activity but also represents the starting 
point for a series of experiments to manip- 
ulate the enzyme and elucidate the molec- 
ular mechanism by which it functions. 

Precisely this approach is also needed to 
study the RUBP carboxylase-oxygenase 
activities of higher plants, although a 
complication arises because the small 
subunits of the enzyme are encoded in the 
nuclear DNA while the gene for the large 
subunit is located in the chloroplast where 
final assembly takes place. Even so, A. 
Gatenby (Plant Breeding Institute, 
Cambridge) could report that genes for the 
small and large subunits have been cloned 
and separately expressed in E. coli. 
Unfortunately the products did not 
assemble into an active enzyme. It may be 
necessary to introduce both genes into the 
same EF. coli cell to overcome this problem. 
One approach would be to isolate 
appropriate. genes from cyanobacteria 
which have RUBP carboxylase similar to 
higher plants but do not have the 
complication of differentiation into 
chloroplast and nuclear DNA. In any event 
it seems highly likely that in vitro methods 
will soon produce active RUBP 
carboxylase so that the powerful technique 
of site-directed mutagenesis can be 
exploited. To aid these developments 
detailed structural studies of the 
crystallized enzyme by X-ray diffraction 
will be useful and progress in this direction 
was reported by Professor Sir David 
Phillips’ group from Oxford. 

I left the meeting feeling optimistic that 
we would eventually be able simultane- 
ously to reduce oxygenase activity of 
RUBP carboxylase and to increase the 
efficiency of the carboxylation step. It 
remains to be seen, however, whether the 
overall efficiency of photosynthesis in the 
intact plant will thereby be increased, as 
hoped, or whether photorespiration turns 
out to be obligatory for effective carbon 
assimilation by the C3 pathway. o 


J. Barber is Professor of Plant Physiology and 
Head of the ARC Photosynthesis Research 
Group at Imperial College, London SW7 2BB. 





100 years ago 


THE first mail from Kadiak Island received this season 
has arrived at San Francisco, bringing dates to May 2, 
According to the correspondent of the Bulletin, the 
account of the eruption of the volcano on Augustine 
island, Cook’s Inlet, sent by the last advices of 1883, 
was much exaggerated. The island ‘‘was not split in two, 
and no new island was formed but the west side of the 
summit has fallen in, forming a new crater, while the 
whole island has arisen to such an extent as to fill up the 
only bay or boat harbour.” No tidal waves were 
observed on the west shore of Cooke’s Inlet or on 
Kadiak Island. ` 

From Nature 30, 275, 17 July 1884, 






Meteorology 


Stratospheric planetary waves 


from David Andrews 


For several decades, meteorologists have 
known that the winter stratosphere is fre- 
quently disturbed by wave-like events of 
planetary scale. Recently, great progress 
has been made in exploring the dynamics of 
these waves and understanding their in- 
fluence on the stratosphere as a whole. 
These advances have been brought about 
by a combination of observational studies 
based on data from satellites, ‘experi- 
ments’ with computer models of the strato- 
sphere and theoretical investigations. 

Much of the impetus for the exciting 
developments in this area has come 
from. the increasing availability of 
large amounts of data — with world- 
wide coverage over several years — 
provided by: orbiting satellite 
instruments. We now possess 
extensive data-bases, including 
measurements. of stratospheric 
temperatures, winds, pressures and 
the concentrations of chemical 
constituents such as ozone and 
methane. The figure shows a stereo- 
graphic map of a typical stratospheric 
planetary wave, as revealed by 
temperature measurements from 
Oxford University’s Stratospheric 
and Mesospheric Sounder on the 

Nimbus 7 satellite. 
In parallel with these observational 
studies, there. has been an increased 
use of numerical models of the 
stratosphere. These models solve the 
mathematical. equations which (to a 
good approximation) express our 
current understanding of the basic 
physical principles governing atmospheric 
behaviour. One use of models is to attempt 
to predict the future development of the 
stratosphere, rather as weather-forecasting 
models. are used for the troposphere. 
Models can also perform idealized 
“hypothesis-testing experiments, to refine 
-our knowledge of the dominant 
“mechanisms controlling the structure of 
the stratosphere. 

The large amounts of data provided by 
these observational and computational 
studies must be organized into forms 
suitable for analysis by stratospheric 
meteorologists. A popular approach is to 
separate each atmospheric field into a 
‘zonal mean’ part (obtained by averaging 
around latitude circles) and a ‘wave’ part, 
given by the departure from that mean; 
another method uses transient deviations 
from.atime mean. The most useful average 

will: depend on the phenomenon under 
_ consideration, and in some cases no simple 
rage may be particularly appropriate. 

e basic linear theory of planetary (or 
Rossby) waves propagating on a zonally- 
symmetric mean flow has been well estab- 


















lished for many years. Only comparatively 
recently, however, has the two-way non- 
linear interaction between these waves and 
the mean flow received much attention. In 
common with other examples of wave- 
mean flow interactions in fluids, it is a 
subject in which naive physical arguments 
— perhaps based on inappropriate 
analogies with simpler wave systems — can 
sometimes be seriously misleading’. 
Physical interpretation must be supported 
by a quantitative theoretical framework, 
and current developments in dynamical 





Polar stereographic map of stratospheric temperature 
(degrees Kelvin, contour interval 5 degrees) at 1 mbar (near 
45 km altitude) on 7 January 1982. Inner circle, 70°N; outer 
circle, Equator. (Courtesy of M. Corney, Oxford.) 


meterology are going some way towards 
providing such a framework. 

Several recent studies illustrate the 
variety of ways in which meteorologists are 
handling and interpreting stratospheric 
and tropospheric data. In a paper? in 
Journal of the Atmospheric Sciences, 
Hartmann, Mechoso and Yamazaki use 
the ‘zonal mean/wave’ separation, for 
which the theory of wave-mean flow inter- 
action is now quite well developed’. 
Previously, authors have contrasted the 
quasi-stationary planetary waves 
dominating the northern stratospheric 
winter with the eastward-travelling 
disturbances which are the most prominent 
waves in the southern stratospheric 
winter*, The novel feature of Hartmann et 
al,’s work is that it focuses on data from the 
Southern Hemisphere; it is the first 
detailed quantitative analysis of Southern 
Hemisphere waves and their interaction 
with the zonal-mean flow, 

Another pair of papers, by McIntyre and 
Palmer>*, use no explicit averaging, but 
present satellite-derived maps of ‘Ertel’s 
potential vorticity’ on a roughly horizontal 


. wave breaking’, by analogy with the break- 











surface of constant entropy in the mid- 
stratosphere. Both potential vorticity and 
entropy are approximately conserved by 
air parcels as they move, and the maps 
provide blurred but fascinating pictures of. 
stratospheric motions during a large- 
amplitude planetary-wave event in January 
1979. They suggest that large air masses are 
rapidly and irreversibly deformed during 
this event into long thin filaments, which 
may in turn break up into eddies. McIntyre 
and Palmer call this process ‘planetary- 

















































ing of ocean waves on a beach; they also 
propose that the theory of ‘nonlinear 
critical layers’’* may model some aspects 
of the dynamics of such events. More work 
still needs to be carried out to confirm 
the reliability of potential vorticity maps, 
to assess the significance of wave- 
breaking events for the stratosphere as 
a whole and to understand. their 
dynamics in detail. Nevertheless, the 
papers of McIntyre and Palmer open 
up interesting new possibilities for 
studying stratospheric waves. 
Similar developments are taking 
place in research into tropospheric 
waves. For example, Hoskins, James 
and White have developed a theory for. 
interpreting the interaction of | 
transient cyclones with the. time- 
averaged flow?. This approach may 
prove useful in the analysis of 
‘blocking’ situations, such as. that | 
responsible for the British drought of 
1976; isentropic potential vorticity 
maps are beginning to be of diagnostic 
value here too. ; 
These recent studies highlight the . 
use being made by meteorologists: of 
an increasing number. of theoretical 
tools for probing the behaviour of 
atmospheric waves, thereby enlarging 
our knowledge of the principles: of 
large-scale atmospheric dynamics. A better 
grasp of fundamentals will in turn-be of 
enormous aid in the solution of such vital’ 
practical problems as modelling the 
transport of chemical pollutants which. 
might threaten the ozone layer and 
predicting the influence of increased 
atmospheric. carbon dioxide on climate. 
Even weather-forecasting will surely 
benefit from a deeper understanding of the 
dynamics of the atmosphere. Ch 
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\stronomy 


from Robert Carswell 


Two surveys of quasars recently under- 
taken by astronomers at Steward Obser- 
vatory in Arizona and reported in the 
Astrophysical Journal (279, 465 and 485; 
1984) give us a comprehensive overview of 
the polarization properties of the quasar 
continuum radiation at optical 
wavelengths. Some of the results are 
valuable confirmations of old beliefs, such 
as the strong link between high polariza- 
tion and rapid variability at optical and 
-radio frequencies, but the work is notable 
_. for the new material it provides. One of the 
-most important conclusions to emerge is 
.. that quasars can be divided into two 
“classes, those with linear polarization of 
less than 2 per cent and a small fraction 
{about 1 per cent of the total number) with 
polarization greater than 3 per cent and up 
_ to an observed maximum of 30 per cent, In 
the case of the weakly polarized sources, 
-the polarization appears to be aligned with 
© the extended radio structure, where it is 
present, and there is evidence that the 
_- polarization is greater at short wavelengths 
_ than at long ones. 
_ One of the popular mechanisms for pro- 
“ducing continuum radiation in quasars and 
-Seyfert galaxies (which behave very much 
like mini-quasars) is radiation from 
-> relativistic electrons which are constrained 
coby a magnetic field (synchrotron 
:- radiation). If the magnetic field is ordered, 
-= the radiation emitted by this process should 
be highly polarized — up to about 70 per 
--eent — and the degree of polarization 
= should not depend strongly on wavelength. 
_ Astronomers seeking to confirm the im- 
z portance of synchrotron radiation at op- 
© tical wavelengths were rewarded with a 
¿small number of quasars which show 
_ strong rapidly-variable polarization, but it 
soon became clear that in most cases the 
<o polarization was below the few per cent 
detection limit of the early studies. 
“Moreover, while synchrotron radiation at 
_ optical wavelengths adequately explains 
< those quasars which show high polariza- 
tion, for the large majority it is not clear 
hat this mechanism is operating, or even 
_ that the optical continuum is necessarily 
non-thermal in origin. 
o> The Steward Observatory polarization 
studies go some way towards answering 
: some of the outstanding questions. First, 
they show that linear polarization is a 
-feature of the continuum radiation at op- 
_ tical wavelengths of all quasars, albeit at a 
father lower level than might have been ex- 
> pected. Second, on the basis of the new 
_-results, several proposed explanations for 
“the polarization properties of quasars can 
now be discounted. It has been suggested 
that all quasars have the same basic struc- 
ture, but that the properties observed are 






























Quasar polarization properties 


determined by our orientation with respect 
to some anisotropic component. However, 
we would not then expect to see a clear dif- 
ferentiation in polarization properties bet- 
ween the bulk of quasars and the few highly 
polarized ones. Nor does this observation 
support a model in which a polarized (syn- 
chrotron?) component interacts with some 
other (thermal?) continuum, with the 
relative strengths varying from quasar to 
quasar. Rather, the two classes of polariza- 
tion appear to reflect differences in the in- 
trinsic properties of the quasars. 

The observations on the low- 
polarization quasars are, in fact, in 
reasonable agreement with the predictions 
of only one model — polarization by dust. 
(A similar model is used to describe our 
own Galaxy.) Light scattered by dust grains 
becomes polarized, independent of the 
alignment of the grains, but dependent on 
the angle through which the light is scat- 
tered. If it were not possible to resolve the 
dust-scattering region from the continuum 
source, as would be the case for quasars, 
the object itself would appear polarized, 
provided the dust did not have a spherically 
symmetric distribution. Thus, if the system 
is rotating and the dust is in a disc or flat- 
tened sphere, for example, we should see a 








“net polarization except in the relatively few. 


cases in which the axis of rotation is aligned 
towards. us. Moreover, since dust grains 
scatter light more effectively at short wave- 
lengths than at long wavelengths, short- 
wavelength light is more polarized. This is 
exactly what Stockman and his colleagues 
at Steward Observatory have seen. They 
also find some alignment of the radio struc- 
ture with the polarization, assuming that 
the rotation axis of the dusty disc can be 
aligned with the radio structure. 

This is a very important result, and 
serves to strengthen the link between 
quasars and Seyfert galaxies, whose emis- 
sion properties have been explained in 
terms of dust obscuration. As far as 
understanding the nature of the continuum 
radiation, however, it is perhaps the least 
helpful of the explanations which have 
been considered. Since the dust is almost 
certainly outside the continuum source and 
will modify any intrinsic polarization pro- 
perties the continuum might have, the 
polarization observations provide few con- 
straints on a model of the continuum radia- 
tion. Even synchrotron radiation from 
regions with a very disordered magnetic 
field remains a possibility. Future studies 
of the highly-polarized and rapidly-variable 
quasars willno doubt yield further valuable 
information for that class, but it isnot clear 
how they relate to the low-polarization ob- 
jects. a 
Robert Carswell is at the Institute of 


Astronomy, The Observatories, Madingley 
Road, Cambridge CB3 0HA. 





Drug delivery 


Old drugs in new clothing 


from Gregory Gregoriadis 


WITH the cost of the development of new 
drugs forever mounting, it may be more 
sensible to make better use of those already 
available. To this end, the controlled 
delivery of current drugs by biodegradable 
carriers could decrease their side effects, 
dosage and frequency of administration. A 
recent meeting* was devoted to the con- 
sideration of alternative carrier systems for 
drugs, including man-made materials, such 
as polymers and liposomes, and natural 
materials, notably antibodies. They can be 
used in the form of implants, releasing 
drugs at rates conducive to optimal action, 
often through controlled degradation, or be 
employed in systems of targeted delivery, 
There has been no shortage of ingenuity 
in controlling degradation of implants. J. 
Heller (SRI, Menlo Park), for instance, 
uses poly(ortho)ester polymers with acid- 
sensitive linkages in their backbone, incor- 
porating acidic salts in a highly hydropho- 
bic environment. Since only salt on the sur- 


* ‘Macromolecules as drugs and as carriers for biologically ac- 
tive materials’, New York, 26-28 March, was organized by Drs 
D.A. Tirrell and L.G. Doneruma and sponsored by the New 
York Academy of Sciences. 








face of the polymer is exposed to water, 
polymer erosion by hydrolysis should oc- 
cur only at the surface. Therefore, drug 
release can be controlled over periods rang- 
ing from hours to months by the amount of 
salt present. Controlled release can also be 
achieved by a combination of drug diffu- 
sion and polymer biodegradation. Thus, 
microspheres made of copolymers of lactic 
acid and glycolic acid will releaseadrug asa 
function both of its concentration and of 
certain physical parameters of the 
polymer; injected microspheres loaded 
with a contraceptive steroid led to predict- 
able and efficacious levels of the steroid in 
volunteers for up to six months (D.H. 
Lewis, Stolle Research and Development 
Corporation, Alabama). Even non-bio- 
degradable materials, such as polymethyl 
methacrylate or polystyrene, can be con- 
verted into useable carriers by introducing 
biodegradable sections along the polymer 
chain (W.J. Bailey, University of 
Maryland). 
An alternative to the passive entrapment . 

of drugs in a polymer matrix is to arrange 
for them to be bound on to the matrix and. 


















- ‘through hydrolysis. Indeed, poly- 
mers can be made to consist entirely of the 
drug; herbicides for example. Control of 
hydrolysis will depend on such variables as 
the hydrophilicity of the polymer (F.W. 
Harris, University of Akron), the nature of 
the bond and its distance from the poly- 
mer’s: backbone (C.L. McCormick, 
‘University of Southern Mississippi). In a 
related approach, J. Kopeéec (Institute of 
Macromolecular Chemistry, Prague) and 
J.B. Lloyd (University of Keele, UK) have 
attached drugs onto hydroxypropyl meth- 
acrylamide via oligopeptide sequences that 
are:stable in the circulating blood but de- 
graded within the lysosomes of the target 
tissue. 

In contrast to the implant version of drug 
delivery, targeted systems are mobile; 

“moreover, they can be designed so that 
upon: binding to the target tissue, local fac- 
‘tors release the drug. Killing of malignant 
and other unwanted cells is among the tasks 
considered feasible by this approach. A 

-much explored version of targeted delivery 
uses tissue-specific antibodies to carry 

-cellular toxins. to their targets. Less ex- 
plored are such systems as that in which the 
selective uptake of a drug-carrier by paren- 
chymal cells of the liver in vivo is achieved 
by attaching to the carrier a ligand that ter- 
minates in galactose and so becomes bound 
to the galactose receptors of the cells (G. 
Gregoriadis, University of London.) Drug 
delivery to these cells could be of value ina 
number of diseases including hepatitis B 
and the liver stage of malaria. 

Several’ groups have succeeded in 
targeting liposomes via antibodies. In fact, 
‘as antibody-bearing liposomes have a 
higher valency than the soluble ligand and 
can bind to cells with a greater affinity con- 
stant (D. Papahadjopoulos, University of 
San Francisco), their use for the specific 
killing of cells may be preferable to that of 
free. antibodies. Furthermore, because 
liposomes will accommodate almost any 
available drug, a variety of cytotoxic 

v mechanisms can be designed to suit par- 
ticular needs. For example, H. Bayley (Col- 
umbia’ University) reported the selective 

killing of human T lymphocytes on ex- 

-posure to UV light when in the presence of 

_- liposomes that are coated with an antibody 

against T lymphocytes and contain a 

- phototoxic agent. In a rather intriguing 
variation of targeting, reported by R.L. 

‘Juliano (University of Texas Medical 
School), the toxicity of amphotericin B was 
reduced by its incorporation into lipo- 
somes without any loss of its antifungal ac- 
tivity. Apparently, liposomal ampho- 
tericin transfers to the fungal cell walls and 
membranes but not to mammalian cells. 

Tailoring of liposome composition (for 
example, by a combination of excess 

_ cholesterol and high-melting phospho- 

_ Hpids).can help to stabilize them in the 

presence of blood. A new approach to 

Stability. is based on the use of lipids con- 
ining diacetylene, butadiene or styrene 

groups: When incorporated into liposomes 

















and exposed to UV light; the lipids form 
polymer chains thrgqugh cross-linking (D. 
Chapman, University of London). The 
resultant ‘polymerized’ liposomes are ex- 
ceedingly stable and retain entrapped 
solutes in the presence of organic solvents 
and detergents (S.L. Regen, Marquette 
University, Milwaukee; D.F. O’Brien, 
Eastman Kodak Co., Rochester), though 
conditions can be arranged for drug release 
to occur in situ (H. Ringsdorf, University 
of Mainz). Paradoxically, polymerized 
liposomes may prove too stable and, 
hence, toxic for use in vivo. 


Earth science 


New date for diamonds 


from Nick Rogers and Chris Hawkesworth 


A PAPER in this issue of Nature ' dating in- 
clusions in diamonds from southern 
African kimberlites to more than 3,000 
Myr old is important for two reasons. 
Scientifically, it is of interest because it pro- 
vides significant insight into the origins of 
the diamonds themselves and the nature of 
the Archaean mantle. It is also of commer- 
cial interest because it has implications for 
successful prospecting. 

Diamonds are an occasional component 
of very rare igneous host rocks called 
lamproites and kimberlites. Two explana- 
tions have been advanced for their origins: 
either diamonds crystallized from the 
magmas which cooled to form the igneous 
rocks in which they are now found; or, 
those magmas picked up diamonds as ex- 
otic fragments, accidentally entrained dur- 
ing violent volcanic activity. The former 
suggests that successful prospecting is 
simply a question of finding lamproites and 
kimberlites, whereas the latter implies that 
a more sophisticated approach is needed. 
Advocates of the ‘exotic fragments’ hypo- 
thesis have been better rewarded. 

Most kimberlites and lamproites are less 
than 200 Myr old but, intriguingly, the ma- 
jority intrude rocks as old as 3,500 Myr. 
They are not all diamondiferous; those that 
are appear to be confined to the older 
cratonic areas of continents’, which sug- 
gests that diamonds too may be billions of 
years old. Moreover, the distribution of 
diamonds is not simply related to the distri- 
bution of particular igneous rocks, which is 
at least circumstantial evidence that 
diamonds and their host rocks are not 
genetically related. 

Diamonds have never been dated satis- 
factorily. Nevertheless, some of them con- 
tain minute inclusions of silicate minerals, 
commonly olivine, pyroxene and garnet, 
similar to the minerals found in the upper 
mantle. These minerals in turn contain very 
small quantities (<< 10 yg g?) of trace 
elements involved in radioactive decay 
schemes, and it is these that have now been 
analysed by Richardson et al.'. "Sm de- 
cays to '8Nd and the present-day isotope 
































The meeting made -clear how much 
polymer chemists and biologists need each 
other in their endeavour to control drug ac- 
tion: more often than not, chemists will 
design a delivery system without proper. 
reference to the biological milieu for which 
the system is intended, and medical resear- 
chers will be unable to conceive or imple- 
ment structural alterations in the system 
conducive to optimal function. EI 
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composition of neodymium in the inclu- 
sions gives a date of 3,200-3,400 Myr old. 
The immediate importance of the new 
study is that it provides, for the first time, 
convincing evidence that segments of Ar- 
chaean mantle survived at least until the — 
time of kimberlite formation (90 Myr) and 
presumably until the present day. The dia- 
mond hosts act as protective shields around 
the inclusions, so no age information is lost 
by interaction between the inclusions and, 
for example, the kimberlite magma. 
Moreover, because the age is that of the 
silicate inclusions, it is independent of 
speculation as to whether the, host 
diamonds are cogenetic, However, if the 
diamonds too are 3,000 Myr old, then not 
only will these results influence future pro- 
specting strategy, but they may also imply 
that at least beneath Kimberley, the con- 
tinental lithosphere has been over 150:km . 
thick for 3 x 10° years. [Old segments of 
the upper mantle are thought to occur 
within the lithosphere, because it is 
relatively cold and rigid and so can age un: 
disturbed by convection, and for likely 
geothermal gradients diamond is. only — 
stable below 150km (ref.3).] In which case, 
models for the present-day distribution of 
heat flow in the continental lithosphere. 
would also be relevant to the Archaean*. 
Cathodoluminescence and carbon-) 
isotope studies have shown that diamonds = 
are complex minerals. Individual crystals: 
exhibit concentric zonations and carbon- 
isotope (6'3C) variations between core and 
rim of up to 5°/oo (refs 5-8). This variation =` 
suggests that diamonds may experience: 
more than one period of growth, and is- 
even consistent with the possibility that 
small diamonds, and the rims of larger 
stones, crystallized from host kimberlite. 
The physical relationship between the © 
diamonds and their inclusions gives some 
insight into their relative ages. Usually, itis. 
only possible to conclude that inclusions: 
are older than their host minerals, with lit- _ 
tle indication of the time interval involved... 
Sometimes, however, the crystal form of. 
silicate inclusions seems to resemble more: 































osely the internal structure of diamond 
than that of silicate minerals. How com- 
mon thatis, or whether it is most often seen 
in inclusions that have a similar crystallo- 
graphy to diamond, such as garnet, is 
unknown, but when present it is regarded 
as compelling evidence that the diamonds 
and inclusions are truly cogenetic. Further 
_ studies are necessary to clarify the relation- 
. “ship between inclusion morphology and 
the structural complexities of diamond, but 
_-itseems likely that both the inclusions and 
-the diamonds worked on by Richardson et 
“al! are 3,200-3,400 Myr old. 

These ages are consistent with the obser- 
vation that diamond-containing kimber- 
~ lites only occur in old continental areas. 
_. The implication is that most diamonds are 
old, which is perhaps surprising and cer- 
tainly prompts speculation as to why that 
might be. One suggestion is that diamonds 
_ are confined to old areas because it is only 
_ beneath those portions of the continental 
_ crust that the lithosphere is thick enough 
< to extend to the depths where diamonds are 
stable’. But why should the lithosphere 
that stabilized in the Archaean be thicker 
-than that formed more recently? 

An alternative approach is to seek a 























chemical explanation. The carbon content 
of the mantle was presumably greater early 
in Earth history than at present. Thus, 
enrichment processes that scavenge and 
concentrate trace elements in the upper 
mantle!’ would have generated much 
higher localized concentrations of carbon 
in the Archaean than in recent times. We 
believe that the distribution of natural 
diamond?, and its extremely old ages’, is 
more likely to be related to the high carbon 
content in the Archaean mantle than to dif- 
ferences in lithosphere thickness. Some 
diamonds appear to have been derived 
from recycled ‘crustal’ carbon®, and we 
speculate that these are the ones most likely 
to yield younger (post-Archaean) ages. © 
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' Ecology 


Rise and fall of palsa mounds 


< from Peter D. Moore 


THE peat bogs of high latitudes, where the 
“mean annual air temperature is -1°C and 
the annual precipitation is less than 400 
mm, are characterized by irregular peat- 
“covered mounds with ice cores, called 
palsas!. The interaction of the climatic, 
biological and geomorphological factors 
involved in the initiation and growth of 
. these mounds has provided a rich area for 
z speculation, but one in which experimental 
“data have been conspicuously absent. Now, 
“however, experiments on a bog in the north 
of Finland by Seppala?“ have provided a 
“firm basis for the understanding of palsa 
‘mound ecology. 

Palsa mounds are normally 2 ~ 4m high, 
«though some may reach as high as 7 min the 
_ Fennoscandian mires’. They can be seen. to 
~opass through a cycle of growth followed by 
collapse when the ice core melts and leaves 
_ a water-filled crater surrounded by a peaty 
‘rampart. Salmi has suggested that palsas 
. began their existence during periods of un- 
-usually cold climatic conditions, and has 
: provided: palynological data from Finnish 
_palsas, accompanied by radiocarbon dates, 

which indicate two periods of palsa forma- 
“tion, around 7,000 and 5,000 b.p. (ref.6). 
But many palsa mires contain young deve- 
< doping palsa hummocks and the idea that 
“initiation has been restricted to certain 
times. in the past has not received general 
acceptance. 
From their work on Canadian palsas, 
‘Railton and Sparling have produced an 





attractive theory of palsa growth and 
collapse based on the botanical succession 
which takes place on the elevated peat 
mass’. They found that as the ice core 
raises the peat surface to about 60 cm, 
changes in hydrological conditions en- 
courage the invasion of small hummocks 
covered with Sphagnum fuscum by 
Cladonia lichens. They suggest that lichens 
have a considerable influence on the albedo 
of the mire surface; their white colour re- 
flects such a high proportion of the 
incident radiation that the likelihood of 
summer melting of the ice core decreases 
and the palsa mound is allowed to grow 
more rapidly, aided by the high insulating 
properties of the drying peat blanket over 
its surface. Ultimately, the peat cover 
begins to erode as a result of wind action, 
and the disruption of surface vegetation 
exposes the dark-coloured peat with its low 
albedo. Summer absorption of radiation 
soon results in the rapid decay of the ice 
core and the collapse of the palsa. 

The theory is very plausible and is sup- 
ported by data on the albedo of the dif- 
ferent vegetation types. But it lacks 
conviction, mainly in its explanation of the 
early stage of palsa formation simply as the 
development of a Sphagnum moss 
hummock. It is here that Seppala’s 
proposals may fill the gap. Seppala has 
produced microclimatic data on the 
ground temperatures in the Arctic regions 
of Finland which show that frost 














penetration is far greater where the snow 
cover is least?. He also finds that the basal. 
ice that forms when frost penetrates to a. 
depth of over 50 cm on a bog survives the 
following summer and provides a nucleus 
for further ice formation in the subsequent 
winter*. Those parts of a bog surface which 
are kept free of snow as a result of wind 
action might, therefore, provide promising 
locations for the initiation of new palsa 
mounds. 

As an experimental test of his proposal, 
Seppala selected a flat unfrozen area of a 
palsa mire in northern Finland and 
installed temperature probes to a depth of 2 
m into the peat at two sites. During the first 
winter, one site was experimentally cleared 
of snow on thirteen occasions, whereas on 
the control site the snow depth reached 90 
cm. At the experimental site, frost pene- 
trated 80cm into the peat and, although the 
surface layers thawed during the following 
summer to a depth of 40cm, the underlying 
30 cm remained frozen throughout. At the 
control site, the winter frost only pene- 
trated between 40 and 48 cm, not enough to 
maintain an ice core in the peat through the ` 
summer months. During the second 
winter, snow clearance was carried out 
eight times at the experimental site and 
frost penetration reached 1 m; a 50 cm 
thick ice core survived the following 
summer. The experiment continued for a 
third year and the ice continued to thicken. 

The three years provided sufficient time 
for a palsa mound to begin to develop. The 
surface of the experimental site was 10 cm 
above the mire surface after one year, 20 
em after two years and 30 cm after three 
years. This was sufficient to produce some 
changes in vegetation, with the Sphagnum 
mosses and the cyperaceous plants 
becoming moribund as a result of summer 
drought. The surface peat was cracking, 
but there was no sign of lichen or shrub 
invasion. Interestingly, however, Seppala 
noted that the incipient palsa was lightly 
coloured, which could indicate that 
Railton and Sparling’s changes in albedo 
were commencing. 

This experimental approach to the study 
of palsas has demonstrated that differen- 
tial snow lie on the mire surface can result 
in the initiation of a palsa mound, and that 
the development of such a mound acts asa 
positive feedback to the process because it 
further decreases snow lie on the develop- 
ing hummock. Vegetation changes then 
account for the further processes which 
result in the cyclical system of palsa growth 
and decay. g 
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~ Molecular genetics 


RNA polymerase I promoters 
and transcription factors 


from John Sommerville 


EUKARYOTIC cell nuclei contain three types 
of RNA polymerase, each of which 
transcribes a distinct set of genes. Whereas 
RNA polymerase H transcribes thousands 
of different protein-coding ; genes and RNA 
: polymerase His engaged i ‘in the synthesis 
of several short RNA species, including 5S 
“RNA and tRNA; RNA polymerase I acts 
almost ‘exclusively on a single kind of 
¿transcription unit, the ribosomal RNA 
(rRNA) gene. For this reason, and because 
_TRNA synthesis is a general feature of all 
“ells, it might be expected that RNA 
polymerase I activity would be relatively 
simple to define in terms of the DNA se- 
quences (promoters) and regulatory 
„molecules: (transcription factors) that 
~ determine the sites and efficiency of the 
binding of polymerase and of its initiation 
of transcription. In fact, only recently has 
significant progress been made towards 
identifying these components. 

Promoters for polymerases II and HI 
have been identified as conserved short se- 
quences located at fixed distances from the 
transcription initiation site, but on com- 
paring rRNA genes from yeast, 
Drosophila, Xenopus' and mouse’, com- 
‘mon sequences that could act as promoters 

“are not obvious.. Within more closely 
related groups, however, homologies can 
be seen (Fig. 1). For instance, the initiation 
regions of Saccharomyces rosei and S. 
carlsbergensis rRNA genes show greater 
than.90 per cent homology from nucleotide 
position -9 (relative to the transcription 
start point which is + 1) to +64 and from 
- +76 to beyond +125 (ref. 3); Xenopus 
laevis, X. clivii and X. borealis genes are 








identical from position -9 to + 4 (refs 4-6) 
and mouse, rat and human genes show 
strong homology from -1 to + 18 (ref. 7). 
These comparative data suggest an impor- 
tant role for sequences located immediately 
around the initiation site. 

Functional assays, however, implicate 
sequences that span a wider region. By us- 
ing rDNA templates with various sequence 
deletions, it has been shown that correct 
and efficient initiation in vitro depends 
upon sequences in the region -43 to-27ina 
Drosophila transcription system® and ~39 
to -12 in a mouse system’. Recently, 
Muramatsu and co-workers '® have deter- 
mined by deletion analysis that the. se- 
quence from -40 to + 52 of mouse rDNA is 
adequate for full transcriptional activity, 
and the sequence from +22 to -2 is essential 
for minimum activity. These stretches of 
DNA contain two sequences that are con- 
served in mammals in addition to the se- 
quence from—1 to + 18 already mentioned: 
the sequence ATCTTT running 
downstream from position -38 and the se- 
quence T {TTG running downstream 
from position -20 (Fig. 1). 

Some of the limitations in interpreting 
the effects of removal of whole blocks of 
sequence have been resolved by the con- 
struction of more precisely mutated 
templates. By introducing single and multi- 
ple base-pair changes into the -35 to -14 
promoter region of mouse rDNA, Skinner 
et al.'' have recently shown that conver- 
sion of C to T at positions -36, -27, ~22, 
~21 and -13 has no effect on transcription 
efficiency, whereas the single transition of G 
to A at position -16 reduces the efficiency 


oh -30 aca 510 + +10 

Mouse ATCTTT TATTG TACTGACACGC 

“Rat ATCTTT TATTG TACTGACACGC 

Human ATCTTT TITTGG TGCTGACACGC 

Ze laevis CTACGCTTTT GTCCGGGCAGGAAGG TAGGG 

X. glivii CTACGCOTTT GIGCCCACAGGAAGOTAGGG 

X. borealis CTACGCTITT GTGCGGACAGGAAGG TAGGG 

D. melanogaster TT G TAGGT 

I, pyriformis G T 

D. discoideum T ATACATATA 

Łe polycephalum A ATACATATA 

S. carlsbergensis A AGGTACTTCATGCGAAAGC 
G AGGAACTTCATGCGAAAGC 


os rosei 





mals‘; 








nd S..rosei*. 


Fig Major sequence homologies around the transcription initiation site of FRNA genes of 
q i X. laevis’, X. cliviiř, X. borealis®, Drosophila melanogaster * . Tetrahymena 
formis is Dictyostelium discoideum '° , Physarum polycephalum™, and S. carlsbergensis 
The conserved G at position -16 and the conserved T at position -Lare indicated 
arrowheads).as is the start site. and direction of transcription (arrow). 








of transcription by 95 per cent. This su 

gests a key role for the G at -16 in thein- 
teraction of a transcription factor with the. 
mammalian rDNA promoter. Thus, the G 




























at position -16, the TTT sequence aroun 
position ~34 and the first few transcribed 
nucleotides '°:'? may act together in vivo 
like the TATA promoter for RN, 
polymerase H, to set the exact initiatio 
point of transcription. As pointed out by 
Skinner etal", the G at position -16is. con 
served in higher eukaryotes, as is a Toa 
position -1, soit will be interesting to assess. 
the importance of these single nucleotid 
for rDNA transcription in othe 
organisms. 

But could there also be sequences th, 
enhance transcription and lie further from 
the start site? Competitive effects betwee: 
wild-type templates and deletion mutant 
indicate that sequences located betwee 
positions -169 and -45 influence the effi 
ciency of in vitro transcription of mous 
rDNA®. Also, in Xenopus rDNA’ th 
exist duplicated intact. promoters, and 4 
base pair repeats of the -114 to -72 regi 
of the promoter, that extend several thou 
sand base pairs upstream of the promote 
closest to the gene'.!4. According to 
Reeder and co-workers’, these 42 base 
pair repeats (in either orientation) ma 
bind transcription factors, which wouldex 
plain why, in microinjected oocyte nuclei 
rRNA genes with more repeats are prefer 
entially transcribed. At limiting. factor 
concentrations, rRNA genes would b 
either fully active or completely inactiv 
which indeed is what is observed durin 
oocyte development. Yet, whatever thei 
precise functions, at least some of the pro 
moter elements so far identified appear t 
be conserved in sequence and/or locatio 
only within closely related groups. ; 

The other side of the coin relates to th 
specificity of transcription factors: Suc- 
cessful in vitro transcription of an rDNA 
template by RNA polymerase I is depen 
dent upon components that can be sup- 
plied from cell extracts. Grummt et al.!6 
showed that rDNA isolated from mouse, a 
human and protozoan sources is transcrib- | 
ed accurately only if all the components are |. 
from the same species and concluded that _ 
transcription factors are species-specific. 

The main approach to isolating and. 
identifying transcription factors has been 
the chromatographic separation of cell 
homogenates. Mishima etal." have frac-. 
tionated mammalian cell extracts into frac- 
tions A, B, C and D. Fraction C contains” 
most of the RNA polymerase I and can be. 
replaced by the purified enzyme; fraction B- 
has a capacity to suppress random initia- 
tion and can be replaced by pure. 
poly(ADP-ribose) polymerase; fraction A; 
generally enhances transcriptional activity; 
but fraction D, which is indispensible for- 
faithful initiation in vitro, has some degree 
of species-dependency in as much as mouse: 
fraction D with human fractions A, Band 
C will not support transcription of human © 
rDNA, but will support transcription of rat — 





















DNA. Muramatsu is busy trying to iden- 
ify: the active component(s) in fraction D 
yut reckons that he may need 1 kg of HeLa 
ells for this purpose. (By contrast, a single 
Xenopus oocyte yields 10 ng of a factor 
eeded for transcription of 5S RNA genes 
by RNA polymerase III.) 
_ Using a similar approach, S. Jacob of 
. Hershey Medical Center (personal com- 
“ munication) has been able to separate to a 
_ high degree of purity transcription factors 
from rat mammary adenocarcinoma cells. 
When large quantities of cells, rather than 
‘olated nuclei, are used as starting 
‘material, a complete transcriptionally 
active complex can be obtained. By dissec- 
| ting out the components of this enzyme- 
factor complex a characterization of at 
least some factors should be possible. 
Why should there be a lack of sequence 
“eonservation in RNA polymerase I pro- 
moters and species-dependency of 
“transcription factors? As argued by 
_ Grummt et al.'®, since RNA polymerase I 
i: transcribes only : a single type of transcrip- 
tion unit, fixation of mutation within pro- 
-moters of multiple rRNA genes can take 
place at a much higher rate than in 
-polymerase II and HI promoters, which 
would require the co-evolution of many 
-different kinds of gene. The divergence of 


















rDNA promoters seems to have been, and 
perhaps had to be, &companied by ap- 
propriate modification of the enzyme 
and/or transcription factors. What led to 
the evolutionary selection of the divergence 
will continue to puzzle us for sometime. C 
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: Ecology 


Oceanic noise and fish stocks 


< from Robert M. May 


< IN recent years, many heavily exploited fish 

«stocks have shown large fluctuations both 
vin recruitment patterns and in overall 
~abundance!. Such fluctuations cannot, 
: however, be unambiguously attributed to 
>the effects of harvesting, because there is 

evidence that many pelagic fish species 
- have undergone large and rapid changes in 
abundance in the past. Major changes in 
< the abundance of Pacific sardine or Atlan- 
< tic herring, for example, appear to have oc- 
ocurred every 50-100 years for the past 
several centuries; these fluctuations have 
_ taken place abruptly, and do not appear to 
be accompanied by similarly rapid changes 
in the physical environment. Recently, 
teele and Henderson? have offered an ex- 
planation of this phenomenon that in- 
volves the interplay between a plausible 
_ model for the intrinsic dynamics of pelagic 
fish populations and the kind of environ- 
“mental noise found in the oceans. 

-= Most workin theoretical ecology that ex- 
-plores the effects of environmental noise 
< upon population dynamics assumes the 
: noise to be ‘white’34, For white noise, the 
< variability manifested when one point in 

< time is compared with another is indepen- 
dent of the time interval separating the two 
~ points; the variance is constant as the time 
interval increases from very short to very 
long times. This corresponds to the 
variance (per unit frequency) of the 









Fourier-transformed frequency spectrum 
of the environmental noise being the same 
for all frequencies. In analogy with visible 
light, such a colourless noise spectrum is 
thus called white. There is, moreover, 
evidence that white noise may be an appro- 
priate assumption for some kinds of vari- 
ability in terrestrial environments: reviews 
of data for atmospheric variability and for 
tree rings show spectra that are white (at 
least down to frequencies corresponding to 
100 year intervals)“. 

Steele and Henderson argue that 
environmental fluctuations in the sea 
typically are different from those on land, 
exhibiting ‘red’ noise spectra in which the 
variance systematically increases towards 
the low-frequency end. In particular, for 
environmental factors such as temperature 
or sea level, for which relatively long 
records are available, the variance scales 
roughly as (frequency)-", with n between 
1.5 and 2; that is, the variance increases 
steadily as the time interval increases from 
days to decades®*. Although Steele and 
Henderson rely mainly on empirical 
evidence, it is worth noting that simple 
stochastic models of the physical inter- 
actions between atmosphere and ocean 
also indicate that white noise in the atmos- 
phere changes to red noise in the ocean’. 

Steele and Henderson describe the 
population dynamics of their fish stocks by 








a model with i the following features: i in the 
absence of predators, the population is 


yegulated*at ¢elafively high density by the 


availability of resources; at high predation 
levels, the population is regulated at 
relatively low densities by predation; and 
there can be an intermediate regime in 
which the population has two alternative 
stable states (one essentially resource- 
limited, the other essentially predator- 
limited). Such models, with the possibility 
for two alternative equilibrium states, have 
already been discussed in relation to insect 
pests”, grazing herbivores!', pathogens 
and other situations'?. The new twist im- 
parted by Steele and Henderson is the in- 
sertion of environmental stochasticity with 
a red-noise spectrum into the system 
(specifically, into the predation term). The 
parameters in the model are estimated as 
those appropriate to pelagic fish, and the 
noise spectrum scales as (frequency)~*, as 
above. Numerical studies with the model 
show the fish population undergoing 
moderate fluctuations about a steady high 
level, or about a steady low level, with 
abrupt transitions from one level to the 
other taking place every 50 years or so. 
These observations could have import- 
ant implications. In Steele and 
Henderson’s words”, “In the context of 
fisheries management, there is usually a 
tacit assumption that we are operating 
within periods where stocks are persistent, 
albeit with large year-to-year fluctuations 
in recruitment. The data ... suggest that the 
period 1920 to 1960, when much of fishery 
theory and practice was developed, was 
such an interval. More recently, large con- 
current changes in stocks cast doubt on this 
assumption and raise critical management 
questions about the relative significance of 
environmental and fishery factors”. Of 
course, the model explored by Steele and 
Henderson is a very simple one, and a good 
deal remains to be done before we accept 
that red noise in the ocean environment has 
tipped marine ecosystems from one state 
into another, largely independently of fish- 
ing. Nevertheless, as this work goes for- 
ward, it could well have relevance beyond 
fisheries. For example, insofar as marine 
environments differ from terrestrial ones in 
having predominantly red rather than 
white noise spectra, what would this imply 
for community structureand function? © 
{, Lawton, J.H. & May RLM. Nature 309,744 (1984), 
2, Steele J.H, & Henderson E,W, Science 224, 985 (1984). 
3, May, R.M. Srability and Complexity in Model Ecosystems 
(Princeton University Press, 1974). 
4. Turelli, M. Theor, Pop. Biol. 12, 140 (1977). 
5, Understanding Climatic Change: A Program for Action 
(National Academy of Sciences, Washington DC, 1975). 
6, Munk, W.H. & Cartwright, D.E, Phil Trans. R. Soc. 289, 3 
(1966), 
7. Wunsch, C. Evolution af Physical Oceanography (MIT 
Press, Cambridge, 1981). 
8. Hays, J.D. et al, Science 194, 1121 (1976). 
9. Lemke, P, Tellus 29, 385 (1977), 
10. Ludwig, D., Jones, D.D. & Holling, C.S. J. Anim, Ecot, 
47, 315 (1978). 


Hi. Noy-Meir, LJ. Ecol. 63, 459 (1975). 
12. May, R.M. Nature 269, 471 (1977). 





Robert M. May is Class of 1877 Professor of 
Zoology at Princeton University, New.Jersey 
08544. 








Chemie ny 
Mastic r Tecponiopo 


Antineutrino astronomy and geophysics 


Lawrence M. Krauss’, Sheldon L. Glashow’ & David N. Schramm? 


* Lyman Laboratory of Physics, Harvard University, Cambridge, Massachusetts 02138, USA 
t Department of Physics, Boston University, Boston, Massachusetts 02215: USA 
+ Department of Physics and Astrophysics, Enrico Fermi Institute, University of Chicago, Chicago, Illinois 60637, USA 














t 






kee p 
ay 
$ 





Radioactive decays inside the Earth produce antineutrinos that may be detectable at the surface. Their 
flux and spectrum contain important geophysical information. New detectors need to be developed, 
discriminating between sources of antineutrinos, including the cosmic-background. The latter can b 


related to the frequency of supernovas. 










IF there are more things in heaven and Earth than are dreamt 
of in our natural philosophy, it is partly because. electromagnetic 
detection alone is inadequate. For sources which are visually 
obscured or which emit. most of their energy in a form other 
than photons, new methods of detection must be developed. 
This has spurred the growth of neutrino astronomy, typified by 
the detection of neutrinos emitted in the interior of the Sun'? 
but although the usefulness of the weak interactions in probing 
astrophysical sources has been recognized, the potential of anti- 
neutrino detection has not been widely explored. That is our 
objective. 

We demonstrate that the Earth is a rich source of antineutrinos 
whose detection can provide otherwise inaccessible key informa- 
tion on the internal structure and dynamics of the Earth. 

< Moreover, by a consideration of the antineutrino background 
from. other sources, we find that there may be a diffuse back- 
ground of ~10-MeV antineutrinos from supernovae which, if 
: > detected, could yield information on the energy and frequency 
of supernovae. 

That the Earth is a source of antineutrinos was first pointed 
out by Eders* and Marx and co-workers**, Marx in particular 
was the first seriously to investigate the detection of terrestrial 
neutrinos and to recognize the importance of both resonant 
capture and inverse B decay of terrestrial antineutrinos in detec- 
tion*. But a detailed analysis of the geophysical implications of 
the problems of measuring the actual flux of terrestrial anti- 
neutrinos has not been performed. 


-Earth as a source 


Antineutrinos (¥) are produced in radioactive 8 decays of 
abundant isotopes inside the Earth as in 


[A, Z]~[A, Z +1] +e" +0 (1) 


where A, Z are the atomic number and charge of the nucleus 
and e` represents the B particle (electron). Isotopes which first 
decay by a emission yield neutron-rich products which sub- 
sequently undergo 8 decay. The discovery of these processes, 
fundamental in the study of geophysics, drastically altered esti- 
mates of the lifetime of the Earth based on the assumption that 
there is no substantial production of heat within the Earth’. 
Indeed, the energy released in these decays also to a large extent 
determines the dynamics of its interior. 
The abundance of radioactive isotopes inside the Earth is 
thus of prime geophysical importance, but direct sampling is 
possible only at or near the surface. Measurements of total heat 
flow out of the Earth, moreover, are uncertain because of the 
sizeof local variations and the inaccessibility of much of the 
 Earth’s surface®. But even if present estimates of the global heat 
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flux, centring on the value 40 TW*""° were much more.accurate 
the question of how much of the heat loss arises from producti 
and how much. from the fact that the Earth is. still hot woul¢ 
remain unresolved. The difficulty is that heating from radioactiv 
sources known in the surface layers is of the same order 
magnitude as the total heat flux, so that even small abundance: 
elsewhere would imply that the interior of the Earth is heating 
not cooling. : 
Table 1 gives data for the lithosphere, which we define as t 
surface layer down to ~ 100 km depth containing the continental 
and sub-oceanic plates whose mass of ~2 x 107° comprises abou 
1/300 of the Earth's total mass’. The mean abundances are given 
in Table | for the chief radioactive isotopes K, “3U, Th 
57 Rb (ref. 11); actual abundances depend crucially on rock typ 
and region, generally decreasing from granite to basalts to 
dunites, with **U and *°Th abundances varying by factors ol 
5-10. The abundance of “°K is particularly sensitive to rock typ 
and drops to almost zero in dunites®. vi 
Our first objective is to calculate the spectrum of the: anti- 
neutrino flux from the Earth, using the lithospheric abundances 
of radioactive materials as a starting point. but within the:con- 
straints of what is known of the total-heat flux. In reality, he 
flux and the distribution of radioactive materials are not unifo: 
over the surface of the Earth. Both are probably enhanced in 
continental crust’? while heat flow from the oceans is probably 
largely due to plate formation there". To begin with, though 
we ignore this asymmetry. i 
Table 1 shows that the lithospheric **U and Th decay 
chains account for an average heat production of ~17 TW, far 
exceeding that from K and ®’Rb. Total radiogenic heat produc- 
tion at ~19 TW is approximately half the total heat flux at the 
surface. ; 
In what follows, we calculate antineutrino fluxes from litho- 
spheric radioactive isotopes only. For while most geophysical 
models’? suggest that concentrations of radioactive isotopes 
decrease rapidly at depths =20 km, even small concentrations 
in a mass 300 times as. great as that of the lithosphere could 
powerfully affect antineutrino production. And while the tota 
quantities of U and Th could not exceed twice those in the 
lithosphere without violating the constraints imposed by the 
total heat flux, K and Rb concentrations are not as constrained 
and, indeed, on some geophysical models, total K may be 10 
times that in the lithosphere*'*'*. Since essentially all anti- 
neutrinos produced within the Earth reach the surface without 
interacting, it follows that our estimates of surface flux must be 
underestimates, perhaps substantial. 
From Table 1, the total antineutrino flux normal to the Earth’s 
surface due to all decays in the lithosphere is of the order of 
10’ cm” s~! in an energy range up to 3.26 MeV, four orders of 
magnitude less than the solar neutrino flux of 10'' cm™* s~’ for 
low-energy (<1 MeV) neutrinos. Above ~1 MeV, the sp 




















Element 
hja X 1.44 % Isotope abundance Flux è integrated Enes generation Total heat 
Isotope {s) abundance by weight (em~? s) flux (MeV} (eal go's!) (W) 
“K 5.7 x10% 0.01 26x10? 3x 10° 1.1 x10 1.31 72x107 18x10? 
Rb 21x 19'8 28 3.1 x107 1.3 x 10° 4.6 x 10° 0.274 18x105 0.210" 
Bp yx 6.3.x 107 100 19x10" 24x10 3.5 x 10° 2.25 63x10 73x10" 
x4 
=9.6x10° 
238] * 2x10" 99 4x10 2.4.x 108 3.5 10° 3.26 24x 1078 9.6.x 10" 
x6 
=9.6x 10 
Total 6x 10° 2x10 19x 1908 


* Data include decay chain. 


gion in which the terrestrial antineutrino intensity is greatest 

ee below), the solar flux is of the order of ~ 10° cm™? s~’, Thus 
in this region of the spectrum, we may expect the terrestrial 
gnal to be perhaps one order of magnitude and not four weaker 
an that due to solar neutrinos. Geometry further enhances the 
trestrial signal, as will be seen, if the source distribution is a 
shell near the surface. 

The quantity relevant for antineutrino measurement, which 

e call F;, is the antineutrino flux at the surface integrated over 

I directions. This can be expressed as a radial integral in terms 
of the antineutrino production. rate per unit volume n,(r), which 
is directly related to the distribution of radioactive sources. If 
Ris the radius of the Earth, 


R 
-5f ninrin ar (2) 


If n,(r) is constant in a shell going from the surface to some 
smaller radius s, equation (2) can be integrated exactly to yield: 


SN 
2 47R7(1 -s°/ R°) 


da-s fisya +s/R]log Beall a 


where N, is the total rate of antineutrino emission from the 
Earth. This function varies from 3.5 (N;/4rR?) for a shell of 
depth ~30km, to 1.5 (N;/4aR’) for a uniform distribution 
throughout the Earth, to 1.0 (N ,/47rR°) for a distribution con- 
centrated at the Earth’s centre. For this last distribution; all the 
Rux is normal to the Earth’s surface and thus the integrated flux 
s equal to the normal flux. For all other distributions, integrated 
fluxes are enhanced relative to normal flux estimates. However, 
surface distributions (like the ones we consider here) are only 
enhanced by a factor ~2 compared with uniform distributions, 
implying that sensitivity to significant abundances deep inside 
the Earth is not lost. (We use a conservative estimate of 30 km 
‘the shell size here. A smaller value could increase the base 
signal from the lithosphere as can be seen from equation (3).) 
This is taken into account in both Table | and Fig. 1, which 
resents the total flux (F;,) per unit energy of antineutrinos from 
lithosphere, calculated using an appropriately normalized 
lowed B-decay spectrum for “°K, *’Rb and each of the 87 
emitters in the U and Th chains. Figure 1 shows that there are 
several well defined peaks and plateaus in the terrestrial anti- 
sutrino spectrum related to decays of the four chief isotopes 
of Table 1: Figure’2 shows the expected antineutrino/ neutrino 
spectrum at the Earth from all sources over a wide range of 
energies including the solar and terestrial peaks, black-body 
neutrinos and antineutrinos, and a background of antineutrino 
from supernovae. 
Essentially all antineutrinos produced inside the Earth reach 
he surface without interaction. Thus their measurement would 
be-an ideal probe of the Earth’s interior and be useful for 
Studying regions inaccessible by other means. With direct samp- 
ing we. can probe at.best the upper mantle region in contact 














with the lithosphere using the outflow from volcanoes. Modulo 
small enhancement factors for surface distributions, however, 
the antineutrino signal gives. a whole Earth measurement. Sub- 
tracting known contributions from the lithosphere gives a direct 
measurement of the internal properties of the Earth. Important 
geophysical information which can, in principle, be obtained 
by measuring the antineutrino flux from different radioactive 
isotopes is given below. 

(1) U, Th. Uranium and thorium decays are responsible for most 
of the heat production inside the Earth. The associated anti- 
neutrino flux, therefore, gives a direct measurement of heat 
production inside the Earth due to radioactivity. These anti- 
neutrinos are produced only in radioactive decays and are not 
related to any other heat source, or to residual heating. Thus 
we can determine that component of heat flow produced from 
radioactivity. This both allows.a better determination of whether 
the Earth is cooling and provides energetic data for understand- 
ing the Earth’s dynamics. Also, determination of internal abun- 
dances of U and Th imparts information on the geology of the 
Earth’s mantle and core—in particular to check the assumption 
that this radioactivity is concentrated on the surface, and also 
in the continental crust’. 

(2) ®K. Table I shows that “°K decays produce the largest overall 
flux from the lithosphere. The abundance of “°K is sensitive to 
geology, and is assumed to be zero in dunites and in the mantle 
and core. However, as its abundance is not constrained by heat 
flow considerations, any amount of “°K in the interior could 
increase the flux due to “°K decays by perhaps a factor of 10 
(ref. 14). The sensitivity of K to rock type means that a 
measurement of such a large flux could.provide important data 
on the composition of the mantle and core. 

(3) Rb. Measurement of the low-energy antineutrinos from 
Rb can have important implications for our understanding of 
convection currents in the upper mantle. These currents are 
assumed to be of the order of 700km in depth? and during 
solidification of the crust transported Rb from the upper mantle 
to the crust. How much the abundance of Rb in the crust 
differs from its whole Earth value thus gives an indication of 
how much material has been deposited in the crust, and thus 
of how deep this upper mantle is’. This convection layer is also 
related to the dynamics of heat storage. Determining the amount 
of internal heat generated by radioactivity can also shed. light 
on how much is being stored, and hence on the size and dynamics 
of the outer convection layer. 


Detecting low-energy antineutrinos 


Antineutrinos with energies in the MeV range interact with 
nuclei producing radiochemical transitions from (A, Z) to 
(A,Z-1) atoms through two different weak interaction 
processes related to the inverse of the 8-decay process (see 
equation (1)): 


(A, 2-1) (A, Z) +e +P +Q 
where Q, represents the energy release beyond the rest energy : 
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“Eig. I ¿Number density of antineutrinos at the Earth’s surface 
“due to.abundance of chief radioactive isotopies in the lithosphere. 


ie electron. By interchanging particles in the initial and final 
we.can consider the reactions: 


(A, Z-1)< (A, Z) +e° +5 +Q (4a) 
e* HA, Z—1)<— (A, Z) +0 +Q; +1.02 MeV (4b) 


Note their differing kinematics. Process (4a) (resonant orbital 
electron capture'®) has threshold energy identical to the related 
B-decay process, but occurs as a resonant process only for 
incoming antineutrinos in a small range around this energy. 

. Process (4b) (inverse B decay), on the other hand, requires an 

additional 1.02 MeV of energy for the incoming antineutrino, 
but can- occur for all energies above this threshold. Thus these 
“processes can be exploited to probe different energy regions of 

“the terrestrial antineutrino. spectrum (Fig. 1). 

“In addition, each of the two processes predominates in differ- 
ent regions of the (A, Z) space of target atoms. The cross-section 
“Tor the resonant process is given by’: 

1.66. x 107” 
(137)° 
where |y{ Rp)? is the probability density for the electron at 
the nuclear surface, ft is the ‘reduced lifetime’ characterizing 
the nuclear matrix element for the related B decay, p(E,..) 
is the density of antineytrinos per unit. energy interval at the 

“fesonant energy, and Sis a spin-statistics factor for the final 
‘state: As JW Rg)’ increases with increasing Z, equation (5) is 
maximized for detectors with high Z, and low ft values (allowed 

transitions). 

“Note that the dependence of Oes on p(E,.,) implies an 
enhanced interaction rate for incoming antineutrino distribu- 
tions which are sharply peaked in the region of the resonance. 

` In particular, low-energy sources such as **Rb can have large 
pCE) values (see Fig. 1) without extremely large integrated flux 

` densities. To obtain Fig. 1, we used pl E) for allowed B transi- 
tions, including the Coulomb correction factor which biases the 
antineutrino spectrum towards higher energies', and using 
known ft and On values for the relevant terrestrial isotopes. As 
terrestrial decays are not of the allowed type, the actual p(E) 
would be slightly modified by factors enhancing the ends of the 
spectrum”. We approximated these effects by normalization 
of p(E). 

The inverse B-decay cross-section is energy dependent and 

_ ds given by'® 





p PE res) P 


lp CRo) cm? (5) 


Tres ~ S- 









26x107" 
j fi 
-where e’ =e — Qa~1 is the energy of the emitted positron (in 


unit ‘of the electron mass}, and F(Z, e’).is the Coulomb factor 


o,(e)=S F(Z, ele? = le’ (6) 
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Fig. 2 Spectrum of neutrinos and antineutrinos at the Earth 
surface (continuous sources in cm~*s~' MeV™', line’ sources: in 
cem“? s™!, Supernovae peak is beter by a factor of ~100). 






















































which tends in this case to suppress the cross-section neal 
threshold with i pape Z. The total interaction rate is obtained 
by integrating equation (6) over the range of available energies, 
weighted by the factor p(E). 

Thus, process (4a) increases for higher detectors, while 
cess (4b) decreases, and (4a) is favoured for narrow spectra, 
while (4b) is more sensitive to broader spectra going to high 
energies. =: 

These differences can be exploited in detector design te 
maximize sensitivity to different antineutrino sources. Low Z 
detectors will tend to involve inverse B-decay interactions whi 
will be sensitive to the higher-energy terrestrial B decays of * °K, 
Beu, Th, while high Z detectors can, through resonant cap. 
ture, pick out peaks in the spectrum, such as those at low energy 
for Rb and *'*Pb decay. We now consider two model detectors 
one at high Z and one at low Z; these were chosen withou 
regard to actual experiments. Table 2 shows the calculated 
interaction rates for the detectors “He and *’Bi. These result 
justify our expectations. 

Finally, before considering the practicality of antineutrino 
detection, we consider whether the total interaction rates O 
Table 2 may be increased significantly using different detectors 
First, for inverse B decay we recall that detection efficiency. is 
maximized for detectors with low Z, low ft values and low Qg- 
*He is the lowest Z stable product of a g- decay except fora 
free proton, and Qs for the transition, °H > 3He is even lowe 
than the n+p transition: Also, as log ft =3 with equality fo 
transitions which are both allowed and favoured, and thus have 
maximal nuclear wave function overlap, 3He is the optima 
inverse B-decay type detector. Thus the maximal possible inter 
action rate due to antineutrinos from the lithosphere along whic 
interact through inverse 8 decay is of the order of 0.4 TAU (SNU 
Of course, this number may increase by up to an order o 
magnitude due to antineutrinos from the rest of the Earth. 

The maximum resonant capture rate is more difficult to deter. 
mine. The rate of 0.2 TAU in the “°Bi model detector is about: 
the same order as the maximum inverse B decay in the He: 
detector. Bi is the highest Z stable product of a B” decay. 
and hence optimizes this aspect of resonant capture. However, 
the ft value of this detector (log ft = 5.5) is over two orders of 
magnitude greater than that of the He detector. Since o ~ ( fy 
a high Z target with log ft~3 would have a detection rate of 
~10° TAU which is not possible. 

The table of isotopes indicates that there is no ground state- to- 
ground state transition with ft ~ 10°. We might, however, expect 





Table 2 Two model detectors 














3He> 3H 
Terrestrial E, Resonant 
process max (TAU) 
“K 1.31 18x10” 
“Rb 0.274 34x107 
23a 
Th 0.191 5.2 x 107° 
MPa 2.29 23x10 
214 Ph 1.03 1.4 x 107° 
718 Bi 3.26 4x107] 
iph 0.061 9x10” 
2B; 1.16 12x10°° 
Th 
Ra 0.055 2.5x 10% 
78 AC 2.18 
242 
mee pete O10"? 10-4) 
oT] 1.80 
Total from lithosphere 2.5 x 107° 


H, lifetime = 12.3 yr Pb lifetime = 





3.3h 
log ft = 3.1 209 Bj» ph log fi = 5.5 
Qa = 0.01861 MeV Qg = 0.64 
Rates Rates 
Inverse Resonant Inverse 
(TAL) (TAU) (TAU) 
O11 R.5x 107 0 
0 0 0 
0 0 0 
OH 1074 1.2x10°5 
0 8.5 x 1077 0 
53x10? 28x107? 9x107 
0 0 0 
14x107? Lixio? 0 
0 0 0 
14x107? 6x10 1077 
0 0 0 
3.1 x107? 107% 6x107® 
2.8 x107? 1074 2x10°° 
0.36 0.2 2.61074 





































that a transition from an (A, Z) nuclei to an excited state of 
some (A, Z— 1) nuclei may have much better wave function 
overlap producing a minimal log ft value. This is not possible 
because such a value occurs when the proton making the transi- 
tion does not change nuclear levels. For all stable high Z nuclei, 
Ageuron ® Nprorons aNd therefore all proton-to-neutron transitions 
must result in level changes, implying at best a log fi2 4.5 
(ref. 16). 

Thus transitions to excited states cannot significantly increase 
resonant cross-sections compared with that of °°°Bi, and if 
Z <83 for such detectors then any increase due to a slightly 
reduced ft value is largely compensated by the Z dependence 
of the cross-section. Some gains can be made if Q, < 0.274 MeV 
‘so that the detector is sensitive to low-energy antineutrinos since 
PCE) for these antineutrinos is greater by at least a factor of 2 
(see Fig. 1) compared with those in the range of the 7 Bi 
detector. In general, however, for both the inverse @ decay and 
resonant capture processes, the total interaction rate of antine- 
utrinos due to decays in the upper lithosphere is always 
0.5 TAU. 

(Antineutrino interactions may also be measurable by non- 
radiochemical means, such as water type targets using photo- 
detection of y rays associated with antineutrino scattering”. 
However, these cannot distinguish the antineutrino signal from 
comparable or larger signals because of other background 
effects, and solar neutrinos.) 

An interaction rate of 0.5 TAU translates into an event rate 
of ~(1 AMU/ M aueteus) events h” kton™! of detection material. 
Whether this is acceptable depends on the feasibility of amassing 
kton of reasonable detection material, and then extracting the 
Signal from the background. For comparison, we consider 
closely related solar neutrino experiments. 

< The Brookhaven solar neutrino experiment utilizes the reac- 
on. v+°’Cl>*"Ar+e", which is the inverse of the electron 
capture decay of *’Ar, with a half life of 35 days (ref. 1) and a 
‘threshold of 0.81 MeV. *’Cl, with an isotopic abundance of 25% 
is easily obtainable. A 400,000-1 (0.6 kton) tank of perchlorethy!- 
ene, C,Cl,, was used as a detector and placed underground in 
the Homestake Gold mine at a depth of ~1,500 m to reduce 
cosmic-ray production of Ar. The Ar produced (along with 
a little Ar placed in the tank to check recovery efficiency), 
being a noble gas is easily removed from the liquid by purging 
with helium gas. After its separation from the helium, its radioac- 
tive decay is measured to determine the net production of Ar, 
production rate of ~2.0+0.3 SNU (= TAU) is obtained, with 





| TAU = 10°** interactions per target atoms”! (and is equivalent to | SNU). 


a background from known sources of ~0.35 SNU (ref. 1). The 
actual *’Ar production rate was ~1 atom per 2 days. 

To detect antineutrino event rates of the order of ~1 per day 
the following aspects of the Cl experiment must be reproduced. 
(1) To obtain ~I event per day due to 0.5 TAU (at best), of the 
order of 1 kton of material must be available. The material must 
be cheap to produce, or to borrow (as it is not destroyed in the 
detection process). 

(2) Because of the extremely small number of atoms produced, 
separation techniques must be almost 100% efficient. This is 
possible for reaction products which are noble elements. If this 
is not the case, more sophisticated chemical separation must be 
possible. Also, use of a liquid or gas detector for separation 
purposes seems most feasible. 

(3) If radiochemical detection is envisioned the reaction prod- 
uct must have a lifetime long enough for significant production 
to occur but short enough so that subsequent decays can be 
measured—of the order of 1 day<7< 1 yr. 

The model targets discussed demonstrate the maximum poss- 
ible detection rates due to the two interaction processes. They 
were not selected for their practicality. Actual targets may have 
detection rates which are significantly less than these maximum 
values. Table 3a gives a complete list of all stable target materials 
with Az > Az., transitions induced by antineutrinos, and with 
product lifetimes >1 day. 

Table 3 shows that there are no allowed ground-state transi- 
tions which involve noble gas products. Indeed, the only such 
process, Rb > Kr, is strongly suppressed both in ground-state 
and excited-state transitions. This implies that the proven separ- 
ation technology from the *’Cl solar neutrino experiment cannot 
be used in antineutrino detection. Other chemical separation 
techniques are possible, however, especially if the chemistry of 
target and product differ significantly as in the case of Cl or Br, 
whose products can undergo reduction reactions and subsequent 
water layer separation (R. Davis Jr, personal communication). 

Next we observe that all ground-state transition rates are at 
least an order of magnitude smaller than the “He > °H reaction. 
In particular the CI reaction which might be considered 
because it could utilize the same tank and materials as the solar 
neutrino experiment and has reasonable chemistry for separ- 
ation, would only result in a transition rate of ~I atom yr’. 
*He is unlikely to be available in large enough quantities and 
thus we must consider measuring rates of 10°'~ 107° TAU, or 
else utilizing transitions to excited states. As the Zn > “Ni reac- 
tion which seems to be the next favoured ground-state transition 




























Qa (MeV) 
(ground state 
Target process transition) log ft 

3He>7H 0.0186 3.1 
SiP 0.248 5.0 
ICS 0.167 5.0 
(8b > '3)Sn 0.383 5.0 
SoZn > $3Cu> BN, 0.573 5.3 
Se > AS 0.68 5.7 
Alu iVb 0.467 63 
1 Tm a Er 0.34 6.4 
Re W 0.49 6.5 
IUH Lu 0.497 6.6 
SCu-> $ Ni 0.067 6.7 
WiEu Sm 0.801 72 
| MaHe > RAU 0.46 7.5 
abu > 235m 0.076 16 
iPro (Ce 0.58 17 
So Dy = ‘Gs Tb 0:58 7.8 
Gd- Eu 0.248 8.2 
0.156 9.0 

0.67 9.1 

0.58 9.2 

0.565 99 

0.765 99 

0.154 10.8 

Ag iPd 0.035 10.8 


Estimate excited state transition interaction assuming log ft = 5.0 for allowed transition. Excited state Qa given in parentheses. 


after He would result in an event rate of only ~I atom per 
month per kton, the second possibility seems appropriate unless 
detectors larger by at least an order of magnitude than the “cI 
detector are envisioned. 
Rates for transitions from ground state to excited state, if they 
are allowed, can, for high Z atoms, approach or equal the Bi 
rate of ~0.2 SNU. This can lead to event rates of the order of 
iper day: However, because the radioactive lifetime of many 
_ of product:atoms (once they have relaxed to their ground state) 
“is too long to use radiochemical detectors we must consider new 
technology for separation of the product atoms and for their 
subsequent detection. However, new methods, such as resonant 
ion spectroscopy, make detection of small number of ‘stable’ 
atoms possible. Current sensitivity for resonant ion counting is 
about 100-1,000 atoms. Such values can, in principle, be pro- 
duced with running times of the order of a year. Note that 
proposals exist for proton decay detectors which will measure 

“stable decay product atoms'®. A proton lifetime of ~10°' yr 
corresponds to a rate of ~3 x 107° TAU. For long-lived transition 
products, the possibility of archeological detection might be 
‘considered by searching for products which can have accumu- 
lated-over long periods in ordinary rock. However, such abun- 
dances would be at best of the order of ~107'’. 

‘The experimental situation with regard to terrestrial anti- 
“neutrino detection today is similar to that at the time when the 
first experiments for solar neutrinos were designed. Large-scale 
machines using new technology will be required, probably 
exploiting excited state transitions (possibly Br) with rates 
at best ~0.1-0.2 TAU and new resonant ion spectroscopy 
techniques. 

Other aspects of the experimental situation are encouraging. 
First, such detectors will be able to be calibrated using nuclear 
reactor antineutrinos: this was not possible for solar neutrino 
detectors. Such calibration is important both for terrestrial anti- 
neutrino measurement and for checking cross-sections of low- 
energy antineutrinos on complex nuclei which have never been 

> directly measured. 

cond, terrestrial antineutrino fluxes have a known base- 
line—that due to known levels of radioactivity in the litho- 
phere—whereas CI solar neutrino fluxes depend on processes 

























































Interaction 
Product rate 
lifetime (rau) 
12 yr 0.32 
25 day 0.002 
$8 day 0.004 
27h 0.01 
Stable 0.02 
1.6 day 
5.5 day 
9.4 day 
75 day 
6.7 day 
92 yr 0.04* (0,15-0.2 MeV) 
2 day 
3.15 day 
87 yr 0.15 (0.15-0.23 MeV) 
33 day 
7 day 
1.8 yr 
5x 104 yr 
10.7 yr 
l4yr 
269 yr 
3.8 yr 
6.5% 10° yr 
7x 10° yr 


Sensitivity to 
terrestrial decay 
2381. bad a Boppy 
2327p BU, Rb 
BIT by RE 
MOK: 238 
AK, U, RTh 


~107? 


#7 Rb RTh 


S'Rb, Bepp 


0.08 (0.25 MeV) “Rb? Th 


and abundances in the Sun which are not well known, and fo 
which a lower limit is not easy to establish. If neutrino oscilla 
tions’? occur (with three neutrino species) over length scale: 
that are small compared with the radioactive. shell depth, th 
lithospheric signal could be reduced by a factor of 3 below 
the expected baseline level. While many effects can increase th 
detection rate, if sensitivities allow an observation of such 
possible reduction, this would point to neutrino oscillations 
Even a null result can be significant if the detector sensitivit 
were of the order of the expected lithosphere flux. As state 
earlier, abundances of “°K and *’Rb can be significantly abov 
those present in the lithosphere—by up to a factor of 10, Suc 
abundances can be ruled out by null results, allowing empiric 
tests of some geophysical models. Finally, as excited. state detec 
tors have long-lived final products, longer running periods an 
hence increased sensitivity are possible. ; 
Whether such first generation terrestrial antineutrino detector: 
would yield more information than similar solar neutrino detec- 
tors depends on the possible backgrounds. These we separate 
into four types: nonantineutrino-induced events, antineutrino: 
from other terrestrial sources and from local radioactiv 
deposits, and extraterrestrial: antineutrino backgrounds. Th 
extraterrestrial background is discussed below. 
Unless the background for the terrestrial antineutrino experi 
ment is less than that of the known background in the *’CI sola: 
neutrino experiment (~0.3 SNU) it will overwhelm the signa 
The background for both experiments originates from cosmic 
ray muons. In the case of solar neutrino detectors, secondar 
protons can mimic v induced reactions through a (p, n) type 
replacement. For antineutrino detection, however, it is either 
tertiary neutrons (from spellation reactions), or stopped muons 
themselves which can mimic the terrestrial antineutrino signal. 
in the first case by (n, p) type interactions, or in the second 
through an inverse B-decay type process involving muon 
capture. 
We believe the second background is more problematic than 
the first. Deep underground, average surviving muon energies 
will be of the order of ~300 GeV (ref. 20), Most spellation 
neutrons created in the detector will not lose sufficient energy 
in the detector volume to result in Az > Az_,(n, p} reactie 



































yhich do not further disrupt target atoms. Also, slow neutrons 
rom the surrounding rock outside the detector (from local 
idioactivity as well as spellation effects) can be absorbed if 
uitable shields are placed around the detector. Thus we concen- 
ate our quantitative analysis on the case of stopped muons. 
At the depth of the Brookhaven CI detector'’, muons are 
‘stopped at an average rate of 2x 10™* ton”! day™'. Whether these 
re captured and mimic antineutrino-induced transitions 
epends both on the capture probability and the probability 
hat no neutrons are emitted from the excited nucleus after 
muon capture*'. The first probability increases strongly with Z, 
hile the second is generally small (<10% ) (see ref. 21). Also, 
sing the fact that the stopping rate is a function of density, we 
nd that for high Z targets the muon background at these depths 
hould be about equal to the antineutrino signal for excited-state 
etectors with detection rates of ~0.2 TAU. For low Z targets 
«0.2 TAU. However, the only efficient detector at low Z is 
e “He. Thus we consider three possible ways to reduce this 
background. First, at only slightly greater depths the stopped 
uon rate drops asymptotically to ~1/10 their value at the 
Davis experiment depth'’. Then, one might dope the detector 
with high Z efficient muon capturing material to reduce to 
number captured by desirable target atoms. A combination of 
se techniques may reduce this background to 10-20% of the 
antineutrino signal. One could determine quantitatively both 
background, and that due to neutrons by using radio- 
chemical detectors with Q; values 22 MeV which are insensitive 
© terrestrial antineutrinos but will react with neutrons and 
stopped muons. 
Antineutrinos from other terrestrial sources consist primarily 
of atmospheric antineutrinos from cosmic-ray muon and pions, 
but we have also considered possible backgrounds from sources 
such as proton decay and nuclear weapons testing. Extrapolating 
fluxes of atmospheric neutrinos and antineutrinos estimated by 
other authors***, to low energies, we estimate a maximum flux 
density of the order of 107? cm™*s7' MeV™ in the I-10 MeV 
fange. This background, even if it were to remain constant up 
to. 50-100 MeV, would give « 1% effect, both for resonant cap- 
ture type detectors sensitive only to low-energy antineutrinos, 
and for inverse B-decay detectors which are also sensitive up 
to higher energies. With regard to possible antineutrino back- 
grounds from proton decay, with a proton lifetime of >10°! yr 
(ref. 25), even if the dominant decay mode is to antineutrinos 
the maximum flux is of the order of 1074 om™? 5”! and is again 
negligible. Nuclear weapons explosions, on the other hand, can 
yield pulses of antineutrinos from the decay of fission products, 
However, a | Mton explosion at 1,000 miles from the detector 
will yield a maximum pulse of 10'° antineutrinos which, while 
momentarily swamping the terrestrial flux, yields a signal which 
equivalent to that obtained in only 1 h of running time in the 
constant flux due to radioactivity. Thus unless the detector is 
' built very close to a test site this background is also negligible. 
imilar results apply for backgrounds from reactors.) 
In discussing signal enhancement from local radioactivity, we 
assume that radioactive distributions are uniform in a shell 
~30 km in depth from the surface, with an average concentration 
© that total abundances in the lithosphere agree with known 
values. Except for an enhancement factor (~3.5), the flux 
through the surface can be written 


Car Venen Cy 3m[Re~(R.-d)"] 
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here C,, is the average lithosphere source concentration, V 
he volume of the surface shell, d = 30 km (depth of shell). Now 
ce d « R we can expand equation (7) to obtain in first order: 


F,=Cyd (8) 


Hence the relevant scale in the problem is the shell thick- 
ness d. 

Thus, modulo geometric factors, we need only consider the 
quantity Fy’ Cyjcdiocan Where Cioca is the enhanced con- 





“centration of a local source of scale size dien to see if local 


“sources can overwhelm the global signal. 

Whether these conditions are satisfied depends on the actual 
distribution of radioactive ore. For example, the minimal allow- 
able Care/ Car for uranium to be minable is ~10° (refs 26, 27). 
But the largest single deposit in the United States, Jackpile, 
contains an ore body some 1,300 ft wide, 2,000 ft long, 20 ft in 
average thickness, ranging from surface outcroppings to a depth 
of 2,000 ft (ref. 27). Even assuming an optimal surface layer, 
we get Fa. = S sanoe OF a detector directly above the distribu- 
tion, which is too small a signal (of the order of | TAU) to make 
such prospecting practical. 

Larger-scale enhancement of radioactive abundances may be 
of more geological interest, however. Indeed, the continental 
crust is expected to have an enhanced concentration of radioac- 
tive isotopes compared with the lithospheres as a whole’. Such 
enhancement could increase the measured signal compared with 
our estimates based on a spherically symmetric distribution. 
(Also, for constant total radioactivity, a smaller shell depth than 
we assumed could increase the signal compared with our initial 
estimates.) In general, however, as far as initial global measure- 
ments are concerned, while large-scale local region >0(30 km) 
of enhanced deposits exist, only the major deposits, which 
can easily be avoided, might yield signals significantly greater 
than the mean global signal. 

However, regions exist where it is expected that radioactive 
abundances may be significantly less than average. For example, 
heat flow under the oceans has been modelled as being due to 
convective plate formation, rather than radioactivity'’*, Some 
empirical confirmation of this large-scale anisotropy might be 
possible if detectors with sensitivity below the expected litho- 
spheric level were placed in the ocean. 

Thus, the only background which may pose difficulty 
for extracting the large-scale terrestrial antineutrino signal is 
that due to cosmic-ray muons, and we believe this can be 
reduced to an acceptable level in a way which can be checked 
independently. 


Extraterrestrial antineutrinos 


Except for rare nearby supernovae pulses, the solar neutrino 
flux masks all other possible extraterrestrial sources in the 0.1~ 
15 MeV range. The terrestrial antineutrino flux is both smaller 
and more localized in energy, and will we believe, make 
antineutrino rather than neutrino detectors more useful for 
astrophysical purposes. In particular, a diffuse background of 
antineutrinos (and neutrinos) from supernovae exists which, if 
detectable, can yield information on supernova frequency in 
galaxies. First, however, we consider other astrophysical sources 
which do not produce antineutrino fluxes comparable with the 
terrestrial flux. 

Antineutrinos are absent from all major solar reactions. This 
is important because even if their production rate was suppressed 
by 10°*-10°* relative to solar neutrinos, their flux on Earth could 
equal that of terrestrial antineutrinos. 

In describing this suppression, we note that all 18 reactions 
in the p-p cycle, and the CNO cycle involve the production of 
neutrinos or photons only”; thus antineutrino production is 
divorced from the primary energy production mechanisms of 
the Sun, and we must consider other weak interaction processes 
involving neutrino pair production™, however, these are strongly 
suppressed, and are not significant until temperatures of order 
~10° K (ref. 28). At solar temperatures they are down by factors 
of the order of <107'°. Because of its distance from Earth, in 
order for fluxes due to B~ decays in the Sun to compete with 
fluxes for terrestrial B” decay, radioactive isotopic abundances 
on the Sun must be greater by a factor of ~10°. No solar model 
predicts such abundances. 

Having demonstrated that essentially no solar antineutrino 
flux exists, we may consider other point sources. As the terrestrial 
antineutrino flux is of the order of 10°* times the solar neutrino 
flux, the antineutrino luminosity of any source must be of the 











order of L~ 1074 (Liua)(R/ Roun)” to compete with the terrestrial 
antineutrino flux. This rules out all known continuous pointe 
sources as significant sources of antineutrinos. Even the flux of 
neutrino and antineutrinos from the galactic centre is, for ener- 
gies of interest, expected to be orders of magnitude smaller than 
the atmospheric neutrino flux which is much smaller than the 
‘terrestrial flux”. 

-Only supernovae explosions, which emit ~ 10° erg of energy, 
miostly in the form of neutrinos and antineutrinos with energies 
~10.MeV (ref. 29), are, in principle, energetic enough to produce 
fluxes comparable or larger than the solar or terrestrial fluxes. 
However, calculations using existing supernovae neutrino detec- 
tors demonstrate that a | kton detector will only be sensitive to 
supernovae in our Galaxy’. These explosions are expected to 
occur at a rate of only 1 every 10-30 yr, making individual 
detection problematic. 

If supernovae have been occurring at a constant rate of | per 

15 yr per galaxy for most of the history of the Universe (say 

_~{0"° yr), their cumulative effects would have produced a diffuse 

background of neutrinos and antineutrinos. The neutrino back- 

ground is hidden by the high-energy portion of the solar neutrino 

flux. However, the antineutrino background is, in principle, 
separable from the terrestrial flux. 

: We can calculate the present antineutrino luminosity at the 
“Earth, taking into account the effects of Universe expansion as 
follows*®. Each particle emitted with energy E at cosmic time 
t will be redshifted at observation time to the energy 
ER(1,)/R(to), where R(t) represents the cosmic scale factor 
describing isotropic homogeneous expansion. Similarly, anti- 
neutrinos emitted at intervals 51, will arrive at time intervals 
5t,R(t))/ R(t). Hence the apparent luminosity (energy/unit 
area/time) of a supernova at co-moving coordinate r; (relative 
to the Earth) is 


LR*(1,) 
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where L is the absolute luminosity of the supernovae in anti- 
neutrinos. 

Now the number of supernovae observed at to, which occurred 
between time t; — St, and h, is: 


dN = n(t)4rR°(1) 17 ôt (10) 


where n is the number density of supernovae per unit time. 
“Thus the total energy density of neutrinos and antineutrinos 
is measured by an observer on Earth at time fy is: 


to R) |* 
noT nL Ea di; 
ex | a R(t) 


where t, is the initial time of supernovae occurrence, which 
can be taken to zero without affecting the numerical result. If 
supernova frequency has been constant, so that ni) = 
nlto)[R(to)/ RU), equation (11) can be integrated to yield: 


, to Rit 
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3 
o Rit) dr 5 nto) Lto 
Thus the net effect of expansion is to reduce the neutrino energy 
density by a factor 3/5 compared with what could be expected 
in the absence of expansion. Now assuming ~ 10°? erg emitted 
per supernova, and that 9(f) ~ 1073 Mpe™? yr~! (this is only a 
rough estimate, the actual densities of galaxies may be less. The 
frequency we assume may also be too low"), equation (12) gives 


(13) 
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pas = 310°" erg em”? = 2x10" MeV cm 
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The mean energy per antineutrino (neutrino) is ~10 MeV at the 
time of emission is now redshifted by the same factor of 3/5 of 
equation (12). Hence, the total flux density of neutrinos and 
-antineutrinos through a small volume at the Earth’s surface is 
Snow” 


N(x, py =~ 10? em? (14) 
























































If roughly half the energy is emitted in the form of antineu 
trinos’’ then the number density of antineutrinos at the Earth’ 
surface at present is ~S0cm™’s, with a spectrum peaked a 
~6 MeV. This number could increase if the frequency of super 
novae increased at earlier times. 
This flux is not large enough to warrant an experiment for it 
determination. However, antineutrino detectors may eventualh 
be sensitive to these antineutrinos. As their mean energy f 
significantly larger than terrestrial antineutrinos, they may yiel 
an effect at the ~1% level for inverse B-decay type detectors 
If this small effect could be measured, it would yield the firs 
estimate of the time-averaged supernovae frequency per galax 
over the lifetime of the Universe, 


Conclusions 


The neutrino and antineutrino fluxes described here are show 
on Fig. 2. Neutrinos provide information on the Sun and stella 
processes, and antineutrinos provide information on the Earth 
and perhaps on supernova abundance. Both processes provic 
information which is probably inaccessible by means other tha 
weak interaction probes. The absence of electromagnetic interac 
tions for neutrinos and antineutrinos implies that they may ope 
for investigation an orthogonal and complementary compon 
of the Universe to that available through electromagnetic detec 
tion. Moreover, neutrinos and antineutrinos may account: fo 
much of the energy density of the Universe, and hence ma 
have a vital role in its dynamics. : 
Yet the aspects of the weak interactions that make them 
useful for investigating the interior of the Sun and Earth alsc 
hinder their measurement. Detection of terrestrial antineutrinos 
will require sophisticated new technology. We. can envision 
several generations of experiments aimed at measuring different 
parts of the antineutrino spectrum. If this proves possible, w 
may obtain the first fundamental empirical data on the Earth 
interior structure and dynamics, including measurements of he: 
production, convection in the upper mantle, geological data 6) 
interior composition and perhaps information.on local. cor 
centrations of, or global anisotropies in radioactive abundance 
Also, it may be possible to gain information on the abundance 
and frequency of supernovae, on the antineutrino compone 
of cosmic rays on possible neutrino oscillations, and to veri 
theoretical predictions of low-energy weak interaction: cros 
sections. 
It is a long step from even a single meassurement to the 
programme outlined above. Indeed, even rudimentary. wea 
interaction astronomy and geophysics may not become pra t 
cable for some time. In principal however, neutrino and ant 
neutrino astronomy and geophysics can open vast new windows 
for exploration above us and below. 4 
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Sub-calcic garnets encapsulated by diamonds from relatively young (90 Myr) kimberlites in southern Africa, yield ancient 
Sm-Nd and Rb-Sr model ages (3,200-3,300 Myr). The chemistry and distribution of these and associated sub-calcic 
garnets from kimberlite concentrate, indicate diamonds formed following enrichment of residual sub-cratonic mantle such 
as that remaining after widespread extraction of 3,500-Myr komatiitic lavas. 




























LTHOUGH diamonds have been recovered directly from kim- 
rlite pipes for more than a century, their relation to host 
mberlite has remained controversial'’. The debate centres on 
whether diamonds are phenocrysts or xenocrysts in the proto- 
mberlite magma. More broadly, diamond crystallization may 
e temporally and spatially associated with kimberlite genesis, 
or, alternatively, segments of mantle within the diamond stability 
field may be littered with diamonds, so that sampling by kimber- 
te is strictly accidental. Diamond is, in fact, only a trace 
constituent of kimberlite, with abundances varying from zero 
to an order-of-magnitude maximum of | p.p.m. Moreover, in 
outhern Africa, kimberlites erupted within the boundaries of 
e Archaean craton are diamondiferous, while those in adjacent 
younger mobile belts are barren’. 

LA small fraction of diamonds (<1%) contains syngenetic 
onomineralic and rarely multimineralic inclusions belonging 
0 peridotitic or eclogitic parageneses. The peridotitic inclusion 
ssemblage, which includes olivine, orthopyroxene, chromite 
nd distinctive lilac chrome-pyrope garnet, is on average far 
nore abundant than the eclogitic assemblage of orange pyrope- 
almandine garnet and omphacitic clinopyroxene’. This 
atégorization and relative abundance are apparently also reflec- 
d in diamond carbon isotope compositions®, most of which 
ave been recorded in inclusion-free diamonds’. Thus, con- 
traints on diamond origin derived from such inclusions may 
considered applicable to most inclusion-free diamonds. 
Diamond inclusion assemblages parallel the mineralogy of 
he two most important categories of mantle xenolith in kimber- 
ites, garnet peridotite and eclogite. However, there are sig- 
ificant differences in chemical composition between the 
ominant peridotitic diamond inclusions and constituent 
linerals of garnet peridotites. For example, garnets in diamond 
ave significantly higher Mg and Cr, and lower Ca, contents 
in their peridotite xenolith counterparts, which are generally 
aturated with Ca (Fig. 1). The former are here referred to as 
ub-calcic garnets, Lilac garnets of similar but less extreme 
mposition have also been found in kimberlite concentrate’®. 
The distribution of these discrete sub-calcic garnets in southern 
African kimberlites generally mirrors that of diamonds, implying 
an intimate genetic association''. 
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Previous radiogenic isotope studies on trace constituents of 
diamond-related materials have been viewed with some sceptic- 
ism, given identification and potentially severe contamination 
problems. For example, a U-Pb study of presumed sulphide 
inclusions in diamonds yielded model Pb ages in excess of 
2,000 Myr but was clouded by uncertainty regarding inclusion 
identity and paragenesis'*. Similarly, results of a He isotopic 
study of industriai-grade diamonds required speculation on He 
entrapment by diamonds soon after accretion of the Earth”. 

We have investigated the Sm—Nd and Rb-Sr isotopic system- 
atics of carefully screened sub-calcic garnets in concentrate and 
diamonds from two of the best documented localities in southern 
Africa, Kimberley (28°46'S, 24°48’E) and Finsch (28°16'S, 
23°06’ E; ~160 km WNW of Kimberley). These kimberlites are 
respectively representative of two classic types of kimberlite 
(basaltic and micaceous) recognized on the basis of petro- 
graphic, chemical and isotopic characteristics'*!5, Our con- 
sistent results preclude a genetic connection between diamonds 
and host kimberlites and provide strong age and chemical con- 
straints on an ultimate origin of diamonds in old, enriched 
mantle. 


Sub-calcic garnets in diamonds 


Garnet inclusions in diamond are easily recognized in situ by 
their distinctive colours. Peridotitic inclusions, of which 10-20% 
are garnets, comprise more than 98% of inclusions in Finsch 
diamonds’ and more than 90% of those in Kimberley 
diamonds'®. A comprehensive study of inclusion major element 
compositions”, revealed that more than 95% of peridotitic 
garnets in Finsch diamonds have extremely high Mg and Cr 
and low Ca contents. Associated olivine and orthopyroxene 
inclusion compositions are also extremely magnesian with. 
average values of Mg/(Mg+Fe) of 0.941 and 0.949 respec- 
tively'’. Peridotitic diopside inclusions are conspicuous by their 
absence, emphasizing the residual major element character of 
the peridotitic inclusion paragenesis*~’. 

Lilac garnet, inclusion bearing, diamonds were selected from 
the ~6+5 and -7 +6 diamond sieve fractions'* of the general 
production from Finsch and the Kimberley Pool. The latter 
represents output from Bultfontein, De Beers, Dutoitspan and 
Wesselton, the four kimberlite pipes currently mined at Kimber- 
ley, which are close enough at surface to have possibly had the 
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oo Fig. 1 Distribution of CaO and Cr,0, in selected sub-calcic 
© garnets from Bultfontein (Kimberley Pool) and Finsch kimberlite 
heavy mineral concentrates. Also shown for comparison are fields 
enclosing greater. than 95% of sub-calcic garnet inclusions in 
Finsch diamonds'’, garnets in Finsch peridotites”’ and garnets in 
Bultfontein peridotites** (coarse and deformed therzolites and 
harzburgites). Positive correlations described by peridotite garnets 
have become known as the lherzolite trend” as they reflect satur- 
ation with a diopside component, regardless of the modal abund- 
ance of diopside. Sub-calcic concentrate garnets scatter away from 
this trend towards diamond inclusion garnets, suggesting diopside- 
free host assemblages. 


same in-depth source’. Garnets were liberated by breaking 
‘diamonds in a steel cracker, and recovered intact, or occasionally 
ina few pieces, under a binocular microscope. Whole inclusions, 
often displaying diamond controlled morphologies, averaged 
100-200 um in diameter and 10-15 ug in weight. In view of 
small inclusion size, coupled with Nd and Sr concentrations of 
only a few p.p.m, as determined in a pilot study”, several 
hundred garnets from each locality were composited for isotope 
analysis. 

Inclusions from otherwise internally flawless diamonds were 
found to be in pristine condition. Partial alteration of some 
inclusions in other diamonds could generally be traced to 
emplacement-related fractures in diamonds, which were open 
to penetration by deuteric solutions. Approximately 15% of 
Finsch and 30% of Kimberley inclusion garnets were rejected 
on the basis of the slightest trace of alteration, discoloration, 
coating or surface pitting visible during microscopic examin- 
ation of all grain surfaces before and after successive ultrasonic 
cleaning in ultrapure 2.5 M HCl, 5% HF, 2.5 M-HCI, water and 
acetone. For the benefit of a duplicate determination, Finsch 
garnets were further divided into two fractions (Table 1) before 
final cleaning. 


Sub-calcic garnets from kimberlite 


Red to lilac chrome-pyrope garnet crystals up to a few mil- 
limetres in diameter are generally abundant in the heavy mineral 
concentrate recovered from kimberlites. Most of these fall in 
the range of compositions for peridotite garnets, which display 
a positive correlation between Ca and Cr (Fig. 1). However, a 
significant Hfraction of lilac garnets scatter towards and partially 
overlap most diamond inclusion compositions'”'', At Finsch, 
such sub-calcic garnets comprise ~ 100 p.p.m. of the kimberlite 
‘as @-whole'®, as compared with a diamond abundance of 
-0.2 p.p.m. (ref. 20). 

“For this study, several sub-calcic garnets from Bultfontein 
(Kimberley Pool) and Finsch concentrates, were identified on 
the basis of full electron microprobe analysis of fragments split 
from "pre-selected lilac garnet grains. Ca and Cr contents of 
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Fig. 2 Nd~Sr isotope correlation diagram, constructed at 90 Myr 
(approximate time. of kimberlite emplacement)”, for sub-cale 
garnets. Concentrate garnets are single grains from“ Bultfon 
(Kimberley. Pool) and Finsch kimberlite heavy mineral conce 
trates, while inclusion garnets are composites of many specimens 
from Kimberley Pool and Finsch diamonds. The oceanic mantle 
array*?**, a bulk Earth evolution curve, based on average chon- 
dritic Nd isotopic evolution’, and host kimberlite values’? are 
shown for reference. Diamond inclusion garnets clearly bear no 
relation to host kimberlites, or any other modern mantle-derived 
volcanics. Model age arguments (Figs 3 and 4) indicate ancient’ 
diamond formation in enriched mantle 3,200-3,300 Myr ago. Con- 
centrate garnets show crude inverse arrays, extending from extreme 
high °’Sr/**Sr and low '“Nd/'*Nd ratios back towards peridotite 
garnet’®, kimberlite and oceanic mantle values. Values -föt 
micaceous kimberlites from southern. Africa'*, as well as kimber- 
lites and lamproites from western Australia*', plot in the vicini 
of the top left end of these arrays, as for the Finsch kimberlite, 


individual grains used for isotope analysis are shown in Fig: 
While grains have interiors that are extremely fresh an 
uncracked, they invariably carry remnants of kelyphite crus 
or underlying. pitted surfaces. All such exterior surfaces were 
removed using thin sliver splitting techniques under a binocular 
microscope. Remaining whole 2-4 mg grains were then subjecte 
to successive ultrasonic cleaning in ultrapure. 2:5 M HCl, 
5% HF, 2.5 M HCI, water and acetone, followed by piece-by- 
piece grain size reduction in a steel cracker and final inspection 
and cleaning. 


Analytical techniques 


Chemical and mass spectrometric techniques for determination 
of concentrations and isotope ratios are as described in refs 21 
and 22 but with provision for precise determination of Sm/Nd 
and '**Nd/!“*Nd ratios on totally spiked samples!®. Apart from 
pilot study extremes, available quantities of garnet Sr and Nd 
were 2-35ng and 10-45ng respectively. In-run precision 
(20 mean) Of 0.007% for *’Sr/**Sr and 0.005% for '*Nd/'“*Nd 
was attainable for as little as 10 ng of each element from the 
same garnet sample in runs with standard “Sr and ‘“Nd ion 
beam intensities of 1 x107'' A and 3 x 107"? A respectively, last- 
ing up to 2h. For garnet Sr contents in the 2-4 ng range, Sr. 
ion beam intensities were reduced to 3X107'7 A with corre: 
sponding decrease in precision. No obvious differential instru- 
mental bias attributable to use of this scaled reduction in. 
intensity, has been detected within the precision of standard 
runs. Total procedural blank corrections (see Table 1) are gen- 
erally barely significant other than for Rb. Alkali contents of | 
small garnet samples are only 0-2 times minimum blank levels,» 
resulting in large relative but trivial absolute uncertainties in 
Rb concentrations which are inherently close to zero. 








lef Rb-Sr. and Sm-Nd concentrations* and isotope ratios? for sub-calcic garnets in heavy mineral concentrates and diamonds from Kimberley Poolt and Finsch | 
: kimberlite pipes 


wt(mg) "Ro/*sr Sef" Sr, 7 Sr/**Sr, Sm 1 Sm/Nd 





oncentrate garnets 


‘Bultfontein 
Composite’ 13.25 0.022 2.97 0.021 0.71397 24 0.71394 2.797 9.042 0.1870 0.512253 + 15 0.512143 
JIG/SR4 2.67 0.006 1.23 0.014 0.71020 + 46 0.71018 1.982 8.202 0.1462 0.512202 + 20 0.526 
JIG/SR10 3.73 0.007 0.671 0.030 0.71230 4 23 0.71226 1.558 BAW 0.3027 0.512574 4 25 0.512396 
"JJG/SR20 2.77 0.001 0.993 0.003 0.75510 £33 0.75510 1.294 3.871 0.2020 0.511409 435 0.511290 
Finsch 
FINCONS 3,27 0.001 0.642 0.003 0.70734 + 20 0.70734 0.8288 3.094 O.1619 0.512015 +37 0.511920 
FINCON7 3.40 0.002 2.66 0.002 0.70889 £ 24 0.70889 0.7954 7.327 0.06561 0.511800 + 17 0.511761 
FINCONII 2.26 0.004 5.44 0.002 O.73213 47 0.73213 1.714 12.149 0.08526 0.541250 17 0.511200 
“FINCON/07/18 2.90 0.002 12.17 0.0004 0.71424 + 3 0.71424 3.342 15.282 0.1322 OSIL781 + 16 0.511703 
amond inclusion garnets 
imberley Poolt 
Composite] $.93 0.003 1.985 0.004 0.70621 & $ 0.70621 0.6115 2.920 0.1265 0.511058 +36 0.510984 
Finsch 
Composite Pq 3.81 0.013 6.379 0.006 0.70380 + 4 0.70379 1.287 6.569 0.1184 O.STO919 + 15 0.510849 
Composite C # 3.79 0.015 8.610 0.005 0.70356 & 8 0.70355 1.186 6.301 0.1137 0.510892 + 22 0.510825 





* Concentrations in p.p.m. (yg per g) after correction for minimum applicable blanks [Bultfontein concentrate garnets: Rb(26 pg), Sr(100 pg), Sm(1.5 pg), Nd(2.3 pg): 
‘Finsch concentrate garnets and all diamond inclusion garnets: Rb(20 pg), Sr(15 pg}, Sm(1.5 pg), Nd(2.3 pg)]. Estimated analytical uncertainties in concentrations (ignoring 
small-sample weighing errors) indicated by number of significant digits. 

+755 /°sr ratios normalized to 0.70800 for E & A SrCO, [average measured valued = 0.70783 +3 (20, N = 5, 1981-83) using *°Sr/"*Sr= 0.1194] and corrected for an 
identified reagent blank *’Sr/*°Sr of 0.70783 + 15. Latter corrections all less than in-run precision (27 mean errors corresponding to least significant digits) except for 

JG/SR20. '}3Nd/'“*Nd ratios normalized to 0.51264 for BCR-1 [average measured value = 0.5126222 14 (20, N= 6, spiked, 1982-83) using ‘“°Nd/'“*Nd = 0.7219], 
Blank effects on Nd isotope ratios insignificant. Initial ratios calculated for an approximate kimberlite emplacement age of 90 Myr (ref. 23)-using Agi, = 1.42 x wort ye! 
atid Asm = 6.54 x107? yr"! Differential effects of a slightly older age for Finsch (ref. 15) are negligible. 

4$ Kimberley Pool includes Bultfontein, De Beers, Dutoitspan and Wesselton pipes. Mined kimberlite is channelled through common diamond recovery plant. 

$ Pilot study composite of six 1-3 mg sub-calcic garnet grains from concentrate. 

“ff Composite of ~600 flawless as well as irregular and fragmented sub-calcic garnet inclusions (average weight = 10 pg). Garnet inclusions enclosing minute chromite 


grains excluded. 


$ Composite of ~ 200 flawless sub-calcic garnet inclusions (average weight = 19 pg). 
# Composite of ~300 irregular and fragmented sub-calcic garnet inclusions (average weight = 13 pg) of which ~- 10% enclosed minute chromite grains (residual after 


arnet dissolution with total weight <10 pg). 


Sm-—Nd and Rb-Sr isotopic systematics 


ub-calcic garnet Y Nd/'“Nd and *’Sr/**Sr ratios (Table 1) 
fe illustrated on a Nd~—Sr isotope correlation diagram (Fig. 2) 
constructed at 90 Myr, the approximate time of host kimberlite 
emplacement”. Corresponding age corrections are small for 
'3Nid/'“4Nd, since Sm/Nd ratios are low (0.1-0.5), and gen- 
erally insignificant for *’Sr/**Sr, since Rb/Sr ratios are negligible 


The immediate first-order observation is that diamond 
inclusion garnets, concentrate garnets and host kimberlites have 
distinct isotopic signatures. Sub-calcic diamond inclusion gar- 
nets have by far the lowest '**Nd/'*Nd ratios measured in any 
modern mantle-derived materials. Such inclusion garnets clearly 

arry an ancient Nd isotopic component and syngenetic host 
diamonds must necessarily be xenocrysts in kimberlites. Sub- 
calcic concentrate garnets have a large spread in 'Nd/'**Nd 
ratios negatively correlated with extremely high *’Sr/*°Sr ratios. 
Such concentrate garnets are also necessarily xenocrysts in kim- 
berlites but are clearly isotopically differentiated from diamond 
clusion. garnets. Yet the two types of sub-calcic garnet show 
ympathetic differences in isotopic signature between localities. 
pecifically, the Finsch concentrate garnet array and diamond 
aclusion composites lie at relatively lower '**Nd/'4Nd and 

Sr/**Sr ratios than their Kimberley counterparts. 

The next obvious observation is that both diamond inclusion 
nd concentrate garnet *’Sr/*°Sr ratios are entirely unsupported 
y uniformly low intrinsic Rb contents, even over the age of the 
Earth. Therefore, the garnets must have inherited such *’Sr/*°Sr 
atios by crystallization from and/or subsequent diffusive 
equilibration with mantle hosts which had higher time-integrated 
Rb/Sr ratios for an appropriate period of time. As Sm, Nd, Rb 
nd Sr diffusion rates through diamond are assumed to be 
negligible, diamond crystallization effectively isolates inclusions 
from further interaction with the host. Therefore, the difference 
n isotopic signature between the two types of sub-calcic garnet 
uld simply be a function of exposure time in a common host 
hemical environment, which is similar but not identical from 
place to. place. 


Overall, sub-calcic garnets are endowed with trace element 
abundances which belie their residual major element composi- 
tions, Concentrations of Nd (3~15 p.p.m.) and Sr (0.6-12 p.p.m.) 
range up to significantly higher values than those for peridotite 
xenolith garnets (l-4p.p.m. Nd, 0.5~! p.p.m. Sr; ref. 19). 
Moreover, relatively low garnet Sm/Nd ratios suggest strongly 
light rare earth element (LREE) enriched patterns which are 
the opposite of those observed in peridotite xenolith garnets”. 
On a Sm-Nd isochron diagram (not shown), diamond inclusion 
garnets show restricted variation in low "Sm/Nd and 
3x d/'4Nd ratios. In contrast, concentrate garnets show a 
substantial range of '**Nd/'**Nd ratios and great scatter. 

Representation of garnet Rb-Sr data on a Rb-Sr isochron 
diagram is not particularly useful, since Rb/Sr ratios are all 
extremely low (0.0001--0.01) and absolute values are imprecise 
because of uncertainties in vanishingly small Rb contents. 
Nevertheless, diamond inclusion garnets show an apparent posi- 
tive correlation between *’Sr/*°Sr ratio (0.7036—0.7062) and 
reciprocal Sr concentration (not shown), and by inference pre- 
cursor host Rb/Sr ratio. In contrast, concentrate garnets show 
an extreme range of *’Sr/**Sr ratios and no coherent relationship 
with Sr concentrations. 

By all accounts, Sm--Nd and Rb-Sr concentrations in diamond 
inclusion garnets show consistent relationships with isotope 
ratios, whereas in concentrate garnets they do not. Therefore, 
only syngenetic inclusion garnet Sm/Nd ratios may be used to 
derive Sm-Nd model ages for diamond formation. Time- 
integrated precursor Rb-Sr ratios may in turn be used to calcu- 
late differential Rb-Sr model ages for precursor formation. 


Age constraints on diamond formation 


Sm-Nd model age relationships are best illustrated in a 
'ONd/'“4Nd evolution diagram (Fig. 3). Intersections of garnet 
and reference curves yield Sm-Nd model ages for syngenetic 
garnet and diamond derivation from the hypothetical bulk Earth 
reservoir. Ages thus obtained are 3,410 + 80 Myr for the Kimber- 
ley diamond inclusion composite and 3,320+30 and 3,190+ 
50 Myr for the two. Finsch diamond inclusion composites (P: 



































0.510 
143 N d 
144 N d 
0.509 
SUB-CALCIC 3530 Myr 
GARNET INCLUSIONS oe wacht 
IN DIAMONDS aes 
0.508 














2000 3000 
TIME (Myr) 


1000 4000 


13 Nd/'* Nd evolution diagram showing evolution curves 


Fig. 3 
for sub-calcic garnets in Kimberley Pool and Finsch diamonds. 


Curves are constructed from measured ‘Nd/'*Nd and 
47Sm/'44Nd ratios, using As, = 6.54107! yr", and terminated 
for convenience at 3,530 Myr. Diamond symbols at 90 Myr mark 
the approximate time of diamond transport to surface by kimber- 
lite”. The bulk Earth reference curve is constructed using appropri- 
sate present-day chondritic values ('*Nd/'“Nd = 0.512638, 
471gm/'4Nd=0.1966)°?", The Onverwacht komatiite age 
(3,530 Myc) and initial ‘“"Nd/'4Nd ratio are from refs 25 and 26 
"using an error ellipse representation*'. Intersections of garnet and 
bulk Earth curves give Sm-Nd-model ages for garnet encapsulation 
by diamond. Using a simple combination of analytical and model 
uncertainties, a conservative overall estimate of diamond formation 
age is 3,300 + 200 Myr. Temporal, spatial and major element com- 
positional relationships suggest diamond formation occurred sub- 
sequent to komatiite generation in Archaean mantle beneath the 
Kaapvaal craton. Trace element and Sr isotopic relationships (Fig. 
4) require introduction of an enriched component (high Rb/Sr 
and low Sm/ Nd ratios) following komatiite generation as a precur- 

a sor to diamond formation. 








and'C). Analytical uncertainties are as propagated from those 
for both '8Nd/'“4Nd (20mean) and Sm/Nd (<0.1%) 
” measurements but effectively dominated by the former. In prin- 
ciple, results for the two Finsch composites were meant to 
“represent a first-order duplicate determination, and in this sense 
_ the ages obtained are very similar, if not exactly within nominal 
errors. In practice, the second composite (C) consisted of 


irregular and fragmented garnet inclusions and included a minor. 


proportion enclosing minute chromite grains, residual after dis- 
solution (Table |). The marginally younger age could be due 
to sample character, imperfect screening, minor contamination 
or simply underestimated analytical errors. 

Further systematic model age uncertainties arise from the 
assumption of a bulk Earth reference curve, since neither an 
exactly chondritic initial Earth nor a subsequent undifferentiated 
mantle source for garnet and diamond can be presumed. The 
Nd isotopic character of real temporally and spatially associated 
mantle may usefully be represented by that of 3,530-Myr old 
Onverwacht Group volcanics**”*, from the Barberton Mountain 


Land in southern Africa. These komatiitic volcanics are the best . 


preserved remnant of such magmas which appear to have been 
emplaced. across the entire Kaapvaal craton’’.. For a mantle 
evolution curve passing through the Onverwacht datum (Fig. 
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Fig. 4 *’Sr/*°Sr evolution diagram showing evolution curves fi 
sub-calcic garnets in Kimberley Pool and Finsch diamonds: Curves 
are constructed from measured °’Sr/*°Sr and ®’Rb/**Sr ratios, 
using Ag, = 1.42%107' ye"! Intrinsic garnet Rb/Sr ratios are $0. 
low that corresponding evolution curves are virtually flat. Diamond. 
symbols as in Fig. 3. The bulk Earth reference curve is drawn using. 
a chondritic meteorite initial °’Sr/*°Sr ratio of 0.69880 anda 
present-day silicate Earth *’Sr/**Sr ratio of 0.70475 derived: fro 
the mantle Nd~Sr correlation (see Fig. 2 and ref. 42). The Onver: 
wacht datum is a combination of initial °’Sr/**Sr (from ref. 43} 
and 3,530 Myr Sm-Nd isochron age (from refs 25 and 26). 
Hypothetical sub-calcic garnet host (diamond precursor) evolution, 
curves are drawn between the bulk Earth curve and extreme. 
""Sr/*6Sr ratios measured in sub-calcic garnets from kimberlite, 
heavy mineral concentrates. Solid. curves are drawn between the. 
bulk Earth at 3,530 Myr and. the highest concentrate garnet. 
876/8Sr ratios (at-90 Myr) for Bultfontein (0.755) and Finsch: 
(0,732). Corresponding time-integrated Rb/Sr ratios are indicated. 
Dashed curves emanating from the bulk: Earth at 4,550 My 
shown for reference. Intersections of respective diamond and. 
sub-calcic garnet host curves give-a. common Rb-Sr model age fo 
garnet encapsulation by diamond. of 3,200 Myr, predicated oran 
approximate 300 Myr time differential between precursor enrich- 
ment (following komatiite generation) and diamond crystallization 
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3) and either slightly steeper (depleted mantle with. higher 
Sm/ Nd) or shallower (enriched mantle with lower Sm/ Nd). than. 
the reference curve, garnet model ages would be respectively 
increased or decreased by ~100 Myr on average. In effect, the 
ages of Kimberley and Finsch garnets are not resolved within 
reasonable errors and approximately synchronous diamond for- 
mation is suggested. With simple combination of analytical an 
model uncertainties, a conservative overall estimate of su 
calcic, garnét-bearing diamond formation age, is 3,300 
200 Myr. ; 

The association between diamond and komatiite genesis'' is 
not only temporal and spatial, but also compositional. For 
example, diamond inclusion olivine Mg/(Mg+ Fe) ratios are. 
essentially identical to those for liquidus olivines in komatiites 
While the mineralogy of residual mantle or high-pressure cumu- 
lates remaining after komatiite generation is controversial”, 
highly magnesian major element compositions are not disputed. 
Nd/Sm and Rb/Sr ratios equal to or less than bulk Earth values. 
may also be inferred for such depleted residual mantle, Such 
trace element characteristics are the opposite of those inferred © 
from measured sub-calcic garnet Nd/Sm and 8’Sr/**Sr ratios. 
Therefore, enrichment of such residues is required after 
komatiite generation as a precursor to sub-calcic garnet and. 
diamond crystallization. 



























































ormation is also required to allow for dramatic radiogenic 
rowth of Sr in the enriched (high Rb/Sr and low Sm/Nd) 
recursor. In contrast, differential radiogenic growth of Nd 
s far less pronounced because relative differences in low Sm/Nd 
atio are small by comparison with those in Rb/Sr ratio, The 
iagnitude of this time differential can be derived from Rb-Sr 
model age relationships, as illustrated in a *’Sr/**Sr evolution 
diagram (Fig. 4). 

o Hypothetical sub-calcic garnet host (diamond precursor) 
volution curves are shown diverging from the bulk Earth curve 
towards the highest present day *’Sr/*°Sr ratios measured in 
unencapsulated concentrate garnets. Intersections of the respec- 
ve diamond inclusion garnet and precursor curves yield a 
ommon Rb-Sr model age for diamond formation of 
~3,200 Myr, predicated on an ~300 Myr time differential 
between precursor formation (enrichment of komatiite residua) 
and diamond crystallization. 

This treatment can be extended to argue against an origin of 
such diamonds soon after formation of the Earth'*. Intersections 
of extrapolated diamond curves with precursor curves diverging 
from the bulk Earth at 4,550 Myr, give model ages of <4,000 Myr 
(Fig. 4). Thus, even with precursor enrichment dating back to 
Original accretion of the Earth, formation of such diamonds 
before 4,000 Myr is effectively precluded. 

-SAs previously indicated, concentrate garnets show a range of 
major element compositions (Fig. 1) and °’Sr/*°Sr and 
'8Nd/'“Nd ratios (Fig. 2) that extend towards those charac- 
eristic of peridotite xenolith garnets'®. This suggests that 
Original enrichment in sub-calcic garnet host assemblages has 
variably dispersed over time through open system behaviour. 
In. principle and practice, more extreme concentrate garnets may 
remain to be analysed. Thus, precursor evolution curves may 
possibly have been even steeper than indicated, with a corre- 
spondingly smaller time differential between enrichment and 
diamond crystallization. 


Nature of enriched precursor 


The overall consistency of Sm-Nd and Rb-Sr model age 
relationships is taken as strong support for a 3,200-3,300 Myr 
origin of diamonds following enrichment of residues or high- 
pressure cumulates from 3,500 Myr komatiites. Given the restric- 
on of sub-calcic concentrate garnets, diamonds and komatiites 
to the Archaean cratons in southern Africa, the most likely site 
of sub-caicic garnet and diamond formation is in upper mantle 
harzburgitic assemblages underlying the cratons''. Sub-cratonic 
_ storage of such diamond host assemblages since that time implies 
that continental lithosphere was stabilized to depths within the 
diamond stability field during the Archaean. The existence of 
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suitable time differential between komatiite and diamond 





athick, cold lithosphere at that time is corroborated by equilibra- 

etion temperatures below 1,150°C (but with a total range of 
900-1,300 °C and potential systematic uncertainties) derived 
from olivine and garnet inclusion pairs in diamonds*”°. These 
temperatures have also previously been used to infer sub-solidus 
crystallization of diamond’. The striking absence of correspond- 
ing host peridotite xenoliths has, in turn, been attributed to the 
presence of disseminated magnesite which would cause disrup- 
tion by decomposition during eruption''*°. Now, an additional 
alkali-rich phase is apparently needed to account for sub-calcic 
garnet Rb-Sr systematics. However, neither magnesite nor an 
alkali host phase such as phlogopite is an obvious member of 
the peridotitic diamond inclusion suite. Therefore, the mechan- 
ism of enrichment is suggested to be introduction and entrap- 
ment of asthenosphere-derived alkali, LREE and CO, enriched 
interstitial melt, which remained liquid until the time of diamond 
crystallization”. Furthermore, residual interstitial melt may have 
persisted through time, allowing for easy diffusive exchange 
with unencapsulated garnet, and assuring disaggregation during 
sampling by kimberlite’. 


Implications for kimberlite compositions 


The inferred trace element and isotopic characteristics of sub- 
calcic garnet (and diamond) host assemblages make them attrac- 
tive candidates for the enriched component apparent in 
micaceous kimberlites from southern Africa!*, as well as kimber- 
lites and lamproites from the Kimberley region of western Aus- 
tralia’'. If kimberlites originate with distinctly depleted Sr and 
Nd isotopic characteristics analogous to those of ocean islands** 
rather than those of a bulk Earth reservoir’, the observed 
isotopic compositions of different kimberlite types may well 
reflect variable incorporation of such old enriched diamond host 
assemblages. This is in accord with the speculation of Nixon et 
al”* that kimberlites are hybrid magmas by virtue of incorpor- 
ation of incompatible element enriched melt at the base of the 
continental lithosphere. 
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Little is known about the mechanisms that generate neuronal specificity during development. Whereas the grasshoppe 
embryo has been an ideal system for a cellular analysis of neuronal development, the Drosophila embryo has obvious 
attributes for a molecular genetic analysis. Here we show that the early Drosophila embryo is a miniature replica of tl 
grasshopper embryo in terms of its identified neurones, their growth cones and their selective fasciculation choices, th 
opening the way for a combined cellular and molecular genetic analysis of cell recognition during neuronal developme 


in Drosophila. 





BUILDING a functional nervous system involves the generation 
of enormous cellular diversity and at the same time the unfolding 
of remarkable neuronal specificity in terms of the precise pat- 
terns of interconnections among neurones. Elucidation of the 
mechanisms giving tise to neuronal specificity will require 
understanding at the cellular and molecular level of how 
individual neurones recognize and interact with one another 
during development. 
The mechanisms underlying neuronal! specificity are most 
easily studied in nervous systems containing relatively small 
numbers of neurones (~10° neurones in an insect segmental 
ganglion), and in which the specificity is refined to such a degree 
that individual neurones can be uniquely identified. according 
to their morphology and synaptic connectivity. A straightfor- 
ward analysis of this question at the cellular level has been 
possible in the grasshopper embryo because of its relatively 
_ simple segmental ganglia, and most important because the 
embryonic neurones developing within these ganglia are large 
and highly accessible from their birth to maturation. Over the 

-past decade, these attributes of the grasshopper embryo have 
permitted advances in our understanding of the cellular events 
of neuronal development (see, for example, refs 1-5). Moreover, 
these results have led to models for neuronal recognition which 
await testing and elucidation at the molecular level’. 

Whereas the grasshopper embryo has been an ideal system 
for cellular studies, the Drosophila embryo has obvious attributes 
for a molecular genetic approach. The problem with studying 
cell-recognition and neuronal specificity in the central nervous 
system (CNS) of the Drosophila embryo has always been the 
small size of its seemingly inaccessible embryonic neurones. 
Until recently, nothing was known of the detailed cellular events 

* underlying neurogenesis in Drosophila, thus precluding a 
rational attempt at a molecular genetic approach to the problem. 

Given our perspective of neurogenesis in the grasshopper 
embryo, we wondered if we could use the same methods (albeit 
in scaled-down versions) to elucidate the cellular events of 
neurogenesis in the Drosophila embryo. Here we show that the 
early fly embryo CNS is a miniature replica of the grasshopper 
embryo in terms of its identified neurones, their growth cones 
and their selective fasciculation choices when confronted with 
a common embryonic axonal scaffold. Furthermore, all 
arthropod nervous systems seem to be constructed using the 
same embryonic plan. Thus, we can now use the advanced 
genetics and molecular biology of Drosophila to extend our 
analysis of neuronal specificity to the molecular level. 


Neurogenesis in the grasshopper 


Like most animals, arthropods have bodies that consist of a 
series of repeated metameric units. The fundamental pattern of 
‘the arthropod CNS is a segmental chain of cephalic, thoracic 
-~ and abdominal ganglia. The ~2,000 neurones in each thoracic 
_ (and ~500 ineach abdominal) ganglion are generated during 





embryogenesis in the neuroepithelium from a repeated seg: 
mental pattern of neuronal precursor cells. With minor differ. 
ences, each segment contains two bilaterally symmetrical plate 
of 30 neuroblasts (NBs)*’, an unpaired median neuroblas' 
(MNB) and seven midline precursors (MPs)’. 

The set of neuronal precursor cells produces characteristic 
families of neurones; uniquely identified neurones are generated 
at specific points in the stem cell lineages. As each neurone 
differentiates, the stereotypic route taken by its growth cone c 
be charted*’. The early growth cones in the CNS interact with 
one another and use cues in the neuroepithelium to pioneer a 
stereotyped orthogonal scaffold of axon pathways, or fascicles 
(Fig. la). For example, the MPI (one of the two progeny. ol 
midline precursor 1), and dMP2 and vMP2 (two sibling progeny 
of MP2) establish the first two longitudinal axon fascicles: the 
vMP2 fascicle and the MPI/dMP2 fascicle>™®, The growth 
cones of the aCC and pCC neurones (siblings from the firs 
division of NB 1-1) make cell-specific choices when confronted 
with these early axon fascicles: the pCC axon extends anteriorly 
and fasciculates on the MP1/dMP2 axons''’'* whereas the aC 
axon waits and then extends posteriorly and laterally ‘as it 
fasciculates on the later-developing Ul and U2 axons which 
pioneer the U fascicle (ref. 13 and S. DuLac and C.S.G.;: 
preparation). 

The growth cones of neurones differentiating later thus follow 
the axon bundles pioneered by earlier differentiating neurones. 
Each neurone’s growth cone makes a series of cell-specific. 
choices of which fascicle to follow, in this. way generating the. 
neurone’s distinctive morphology. These stereotyped: patterns 
of selective fasciculation are mediated by the high affinity tha 
growth cones and their filopodia show for particular axona 
surfaces. For example, in the 40% grasshopper embryo, the 
growth cone of the G neurone (from the second division o 
NB 7-4)'*'5 is within filopodial grasp of ~25 different longi 
tudinal axon fascicles (made up of ~100 different axons) and 
yet invariably chooses to fasciculate on the A/P fascicle (consist-. 
ing of the Al, A2, Pi and P2 axons)’. When the A/P fascicle’ 
is ablated, the G growth cone does not show a high affinity for : 
any other fascicle*'”. Furthermore, extensive ultrastructural’®.. 
and experimental'’ analysis demonstrates that G is able to 
distinguish the two P axons from the two A axons within the. 
A/P fascicle; when only the P axons are ablated, the G growth” 
cone behaves abnormally. 

These examples of exquisite specificity have convinced us 
that many different molecules are differentially expressed on 
the surfaces of embryonic axon fascicles, or subsets of axons: 
within them, and that they guide growing neurones to their. 
appropriate targets by the selective adhesion of their filopodia: 
to these labelled axonal pathways’. Monoclonaleantibodies gen- 
erated against the grasshopper neuroepithelium have revealed 
cell-surface antigens whose expression in the embryo correlates’. 
with the predictions of the cellular studies, namely, neurones 



























Figo 1 Embryonic. axonal scaffold 
. of grasshopper (a) at 40% of devel- 
opment and Drosophila (b) at 12h 
“stained, respectively, with the 1-5 
“monoclonal antibody” and an anti- 
| tubulin monoclonal antibody (made 
by S. Lose, provided by T. Carr). A 
single segment which is the basic 
repeated unit of the scaffold is shown 
. for grasshopper; three contiguous 
segments are shown for Drosophila, 
the commissures in one of which are 
labelled. The scaffold consists of 
bundles of axons arranged as two 
bilaterally symmetrical longitudinal 
connectives running the length of the 
embryo, three lateral commissures 
per segment joining the two sides of 
the ganglion (one posterior, C, and 
two fused anterior, A and B), and 
two peripheral pathways per seg- 
ment, the intersegmental nerve (IS) 







axons fasciculate together share common surface 


Neurogenesis in Drosophila 


-We now extend our study of neurogenesis to the molecular level 
by capitalizing on the advanced genetics and molecular biology 
of Drosophila. The difficulty with this approach has previously 
“been the small size of the Drosophila nervous system and the 
lack of knowledge about the interactions and fates of individual 
-embryonic neurones which develop within its tiny egg. There 
-are some reasons for supposing that the grasshopper and the 
‘fruitfly might have radically different patterns of neural develop- 
ment. Drosophila is a holometabolous insect with two distinct 
¿phases of development: embryogenesis, which produces a larva, 
and metamorphosis, which transforms the larva during pupation 
‘into an adult fly. Embryogenesis in the more primitive (hemi- 
metabolous) grasshopper, on the other hand, produces a larva 
which, in most respects, is a miniature adult requiring no radical 
“metamorphosis. Adult structures such as limbs which are pre- 
figured in the grasshopper embryo as limb buds are present in 
the Drosophila embryo and larva only as nests of undifferenti- 
ated cells, the imaginal disks. 

However, although fruitflies and grasshoppers are separated 
“by at least 300 Myr of evolution, we find that they, like the other 
arthropods we have studied, are constructed from a common 
plan for the embryogenesis of the arthropod CNS. The re- 
‘semblance between Drosophila and the grasshopper is striking: it 
extends to individual identified neurones which appear homolo- 
-gous in both embryos (Figs 2-4), to the scaffold of axon fascicles 
pon which they grow (Fig. 1) and to the specific choices of 
-selective fasciculation made by their growth cones (Fig. 5). 

` We have primarily focused on a comparison of neurogenesis 
n the fruitfly Drosophila and the grasshopper Schistocerca. 
However, in passing, we have also examined neurogenesis in two 
arger holometabolous insects (the moth Manduca and the fly 
-Calliphora ), in two other hemimetabolous insects (the bug Rhod- 
-nius and the cockroach Periplaneta) and in a crustacean (the 
rayfish Procambarus). With minor variations, the nervous sys- 
tems of all of these insects (and one crustacean) are built from 
he same common embryonic plan, implying an early and sub- 
sequently conservative evolution of the developmental pro- 
gramme for the proto-insect (and perhaps proto-arthropod) 
CNS. ° 

The Drosophila embryo is much smaller than the grasshopper 
embryo. We found, however, that we could dissect the living 
embryo in the same way as we do a grasshopper embryo. By 







































at the segment boundary and the segmental nerve (S) at the segment midline (IS not included in a). In grasshopper there are ~25 axon 
fascicles in each of the connectives. Each of the three commissures contains ~20 different axon fascicles, many of which in the C commissure 
can be seen in the focal plane shown in a. This same pattern is present in Drosophila. Later-developing neurones grow along this framework, 
each choosing particular axon bundles on which selectively to fasciculate. In addition to the scaffold, several homologous cells can be identified 
in Drosophila: for example, the anterior corner cell (aCC) and the median neuroblast (MNB). Scale bar, 20 um for a, 15 um for b. 


slitting the ly embryo down its dorsal surface and removing its 
gut, we reveal the dorsal surface of the neuroepithelium as a plate 
several hundred micrometres long, 50 pm wide and 20 pm thick. 
When viewed with Nomarski optics, the axon scaffold, neuronal 
cell bodies and in some cases individual axons (<0.5 um in 
diameter) can be visualized. In the Drosophila embryo, the cell 
bodies and axons are so small (cell bodies are typically 2-4 ym 
in diameter as opposed to 10-15 um in the grasshopper) and so 
prone to damage from both the impalement and the UV illumina- 
tion that the filopodia and even growth cones often retract and 
appear blebby. This problem can be overcome by lightly fixing 
the dissected embryos before dye injection (with 2% paraformal- 
dehyde for 8 min). These lightly fixed embryos have intact 
plasma membranes and can be stored in buffer overnight. The 
fixed cells are taut and more easily penetrated. Although we do 
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Fig.2  Homologies of cell body identity and location of identified 
neurones in grasshopper (Schistocerca)(a), crayfish (Pro- 
cambarus }(b) and fruitfly (Drosophila )(c). Embryos were dissected 
from their egg cases, filleted on a microscope slide and viewed 
with Zeiss Nomarski optics through a Leitz x50 salt water immer- 
sion objective. Camera lucida tracings were made of the identified 
cell body positions. Homologies were determined by each 
neurone’s characteristic cell body location and its stereotyped 
axonal morphology as revealed by intracellular injection of Lucifer 
yellow. The pattern is identical in each species with the exception 
that the two MP3 progeny (the H cell and H-cell sib) are absent 


in the crayfish and Drosophila, RP2 lies directly underneath RPI 
in the crayfish and thus is not shown in the drawing. 











not record a resting potential, we can ‘visually place the micro- 
electrode tip in the cell body. Such fixed neurones can be filled 
by iontophoresis with Lucifer yellow or horseradish peroxidase 
(HRP) and show excellent integrity of the growth cones and 
filopodia; for electron microscopy, after dye injection the 
embryos are fixed for a second time and processed using routine 
procedures (Fig. 5b). 


Neuronal precursor cells 


All species examined use the same two kinds of neuronal precur- 
sor cells as in the grasshopper—neuroblasts (NBs) and midline 
precursors (MPs)—arranged in fundamentally the same pattern. 
In the three other species for which detailed precursor maps have 
been constructed (Calliphora, Manduca and Rhodnius), the 
fundamental arrangement of seven rows of NBs, a single median 
NB and medial MPs is conserved. Each species, however, has 
specific differences in the precise number of precursors, just as 
within a species there are specific differences between segments. 
.. No detailed map exists for Drosophila because some of the NBs 
are so small that they are often difficult to distinguish from 
neighbouring epidermal cells. However, our partial NB map for 
‘Drosophila indicates that they are arranged in the standard 
_ pattern of 7 rows and include more than 20 NBs per hemi- 
segment... 


Identified neurones 
Certain identified neurones in the grasshopper embryo are par- 
ticularly accessible because of some conspicuous feature such as 
the location of their cell bodies or the pathway of their growth 
cones. These diagnostic neurones (and their precursors) at 35% 
of development in the grasshopper embryo include the MPI, 
dMP2 and vMP2 (MP2), H cell and H-cell sib (MP3), aCC and 
pCC (NB 1-1), RPI and RP2 (unknown NB lineage), Q1 (NB 7- 
4) and the two MP4s (MP4). Figure 2 compares this set of 
identified neurones in the grasshopper (Fig. 2a), crayfish (Fig. 
2b). and Drosophila (Fig. 2c) embryos. The pattern is highly 
. invariant, with the exception that the MP3 progeny (the H cell 
‘and H-cell sib) are absent in the crayfish and fly (interestingly, 
~ they are present in Manduca). Another diagnostic neurone at 
40% of development i in the grasshopper embryo is the G neurone 
(NB 7-4); this cellis also present in the crayfish, moth and fly. 





Fig. 3 Homologous pathway selection by identified neurones in 
(from largest to smallest in each set) grasshopper (Schistocerca), 
moth (Manduca) and fruitfly (Drosophila). The neurones com- 
pared for each species are the aCC and pCC (a), MP1, dMP2 and 
VMP2 (b) and the later-developing G neurone (c), Embryos were 
prepared and viewed as described in Fig. 2 legend; Drosophila 
embryos were fixed lightly in 2% paraformaldehyde for 8 min. 
Lucifer yellow was iontophoretically injected into the cell bodies; 
: preparations were then viewed with fluorescence and camera lucida 
tracings made of the neurones. 






























These identified embryonic neurones also extend their growt 
cones along stereotyped pathways in all arthropod embryo 
examined. Figure 3 compares the morphologies of the aCC ai 
pCC (Fig. 3a), MP1, dMP2 and vMP?2 (Fig. 3b) and G neurone 
(Fig. 3c) in (from largest to smallest) the grasshopper, mot 
and fly. The Drosophila neurones seem to be simply miniatur 
replicas of the grasshopper neurones. 


Time course of neurogenesis 


We have charted the development of highly accessible embry 
onic.neurones in the fly.embryo whose behaviours have been 
well.documented in the grasshopper. Embryonic developmen: 
in Drosophila takes 22 h (at 25°C), compared with 20 days. 
33 °C)!” in the grasshopper. The cellular events of neurogene: 
that. occur over a 3-day period between 30% and 45% 
development i in the grasshopper, occur over a 3-h period duri 
hours 10-13 in the fly. By 10h the first neurones (MP1, dM] 
vMP2, pCC, aCC, RPI and RP2) have begun to differentiat 
(the first growth cones appear at 9:45), extending axons whic 
establish the first longitudinal, commissural and periphe 
axonal pathways. 

Figure 4 charts the development of these identified neurone 
in Drosophila at 10, 11 and 12 h of embryonic. developmen 
in the grasshopper, the growth cones of MP! and dMP2 ex: 
posteriorly whereas the growth ‘cone.of the vMP2 exten 
anteriorly, pioneering a second longitudinal axon fascicle. B. 
10.5 h the MP1 and dMP2 growth cones have fasciculated wit 
the pCC growth cone, extending anteriorly from the next pos 
terior segment. By Ilh the MPI growth cone has reached} 
homologue in the next posterior segment. The-patterns of growt 
parallel those in the grasshopper, with minor modifications 6 
temporal order. For example, in Drosophila the aCC extend: 
its growth cone posteriorly and laterally to establish the interseg 
mental nerve simultaneous to the extension of the MP1; dAMP 
and vMP2 growth cones to pioneer the first longitudinal fas 
cicles. In grasshopper, the aCC growth cone does not’ exten 
posteriorly and laterally until some time after the MPI an 
dMP2 growth cones have extended past it. 
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Fig. 4 Developmental. time course of identified neurones in 
Drosophila. Wild-type O-R eggs were collected on yeasted agar 
plates and allowed to develop at 25 °C. As there is some variation 
in developmental time between eggs within a single collection, | 
each egg was staged on the basis of external embryo morphology 
after removal of the chorion”'. Embryos were dissected from the . 
vitelline membrane under saline, filleted on a microscope slide and 
lightly fixed for 8 min in 2% paraformaldehyde. Neurones were 
filled with Lucifer yellow via their cell bodies. Each developmental 
stage shown is a compilation of camera lucida drawings of Lucifer » 
yellow fills from several embryos. Three contiguous segments are 
shown, marked by aCC and pCC cell bodies (open cell bodies). 
The first two axon fascicles in each of the longitudinal connectives: 
are established by MPI, dMP2, pCC and vMP2 (see text). Cell 
QI (at 10 h) crosses the segment in what will become the posterior 
commissure (cc); the homologue of Q1 in grasshopper establishes 
the fascicle followed by its later-developing sibling, the G neurone. 
The G neurone in Drosophila crosses the segment between [1 and 
12h, grows past both the vMP2 fascicle and the MPI/dMP2 
fascicle and selectively fasciculates with a more lateral bundle (the 
A/P fascicle} running within the connective. IS, intersegmental | 

nerve; S, segmental nerve. 








Fig. 5 Selective fasciculation in 
grasshopper and Drosophila. Trans- 
mission electron micrographs of the 
A/P fascicle and the tip of the G 
growth cone in a 40% grasshopper 
embryo (a) and a 12-h Drosophila 
(b) embryo from semi-serial TEM 
sections of HRP-filled G neurones. 
In both species the A/P fascicle con- 
tains the Al, A2, PI and P2 axons 
= and the G growth cone at this stage. 
In both species the tip of the G 
growth cone (large arrow) is in selec- 
tive contact with the P axons rather 
than the A axons. Arrowheads show 
the filopodia of G. In Drosophila the 
axons are smaller in diameter and 
the fascicles closer together than in 
grasshopper. For example, the axon 
marked by an asterisk in b is prob- 
j ably homologous to the D 
= fascicle, which in grasshopper is 

= ~10pm dorsal to the A/P fascicle. 
f Scale bar, | ym. 


y : Embryonic axonal scaffold 


_ The early-differentiating neurones in the grasshopper embryo 
_ give rise to a stereotyped orthogonal pattern of axon fascicles 
= which is repeated in each segment of the neuroepithelium. In 
_ the grasshopper embryo we can visualize this axonal scaffold 
_ using the I-5 monoclonal antibody”? and HRP immuno- 
histochemistry (Fig. la). The axonal scaffold at 40% of 
development in the grasshopper includes ~25 longitudinal axon 
fascicles on each side of the segment and ~20 axon fascicles 
in each of two commissures (one anterior which is subdivided 
_ into two commissures, A and B, and one posterior, commissure 
_ C) in each segment. Each segment also has two places where 
axon bundles leave the neuroepithelium and extend into the 
_ peripheral tissues—the intersegmental nerve (IS) at the segment 
‘boundary and the segmental nerve (S) at the segment midline. 
_ This orthogonal scaffold of axon fascicles, constituting a 
_ ladder-like arrangement of longitudinal connectives, commis- 
= sures and peripheral nerves along the dorsal surface of the 
_ neuroepithelium, is common to all arthropod embryos. In the 
_ Drosophila embryo, we can visualize the axonal scaffold using 
= an anti-tubulin monoclonal antibody and HRP immuno- 
_ cytochemistry (Fig. 1b). The pattern of axonal fascicles rep- 
resents a miniature version of the scaffold in the grasshopper 
embryo. 
= In the grasshopper embryo, the first two longitudinal axon 
: , bundles, the vMP2 fascicle and the MP1/dMP2 fascicle, are 
= pioneered by the interactions of the MP1, dMP2, vMP2 and 
pCC neurones. The same is true in the fly. 


3 Selective fasciculation 


The detailed similarities between embryonic neurones in grass- 
hopper and Drosophila suggest that each identified neurone 
= differentiates in an equivalent environment within which the 
~ patterns of cell interactions, growth cone guidance and selective 
fasciculation are faithfully conserved. To substantiate this notion 
further, we have compared the development of the G neurone 
in Drosophila with that in the grasshopper, where much is 
already known about its selective fasciculation. As described 
above, in the 40% grasshopper embryo, the growth cone of the 
= G neurone is within filopodial grasp of ~25 different longi- 
H tudinal axon fascicles and yet invariably chooses to fasciculate 
_ on the A/P bundle consisting of the Al, A2, P1 and P2 axons. 
Furthermore, the tip of the G growth cone specifically fascicu- 
lates with the P and not the A axons (Fig. Sa). This stereotyped 
pattern of selective fasciculation by the G growth cone is medi- 
ated by the high’affinity shown by its growth cone and filopodia 
for the surfaces of the P axons as compared with all other axons 
(~100) within filopodial grasp'*'’. 

Drosophila has a neurone homologous to the grasshopper G 


at 


neurone (Figs 3, 4). After crossing the posterior commissure, 
its growth cone also turns anteriorly on a lateral bundle of axons 
in the contralateral neuropil. When this fascicle is reconstructed 
in the transmission electron microscope (TEM) after filling the 
G neurone with HRP, it is found to consist of two P axons 
and two A axons. Moreover, the tip of the fly G growth cone 
associates with the P and not the A axons, just as in the 
grasshopper (Fig. 5b). These and other results suggest that the 
patterns of selective fasciculation are largely identical in both 
insect species, and that the patterns of surface affinities and cell 
recognition have been highly conserved during insect evolution. 


Discussion 

The segmental ganglia in insects each contain ~10° neurones, 
many of which are unique identified neurones that have cell- 
specific morphologies and make cell-specific patterns of synaptic 
connections. This extraordinary degree of neuronal specificity 
is largely achieved during embryonic development by a sequen- 
tial series of cell recognition events. The results of studies in 
the grasshopper embryo have led us to propose that cell recogni- 
tion by neuronal growth cones is likely to involve the temporal 
and spatial expression of many different molecules*. Here we 
have shown that the same cellular events occur in the Drosophila 
embryo, although on a different temporal and spatial scale. In 
fact, this common theme for neurogenesis is faithfully observed 
in such diverse arthropod nervous systems as crayfish, grass- 
hoppers and flies. 

The most promising discovery is that by studying the large 
and accessible neurones of the grasshopper embryo for the past 
decade, we have in effect been studying the less accessible 
neurones of the Drosophila embryo. The fact that we can now 
work with identified neurones, their growth cones and their 
patterns of selective fasciculation in the Drosophila embryo 
means that genetic and molecular approaches can be applied 
to unravelling the mechanisms of cell recognition and neuronal 
specificity. The early cell recognition events involving selective 
fasciculation, so well characterized in the grasshopper embryo, 
occur between 10-13h in the fly embryo. Fortunately, this is 
before the appearance of neurotransmitters, synapses and elec- 
trical excitability. Using recombinant DNA techniques we have 
begun to search for genes encoding the cell recognition 
molecules implicated by these cellular studies. 
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The - complete (172,282 base pairs) nucleotide sequence of the B95-8 strain of Epstein-Barr virus has been establish 

using the dideoxynucleotide/ M13 sequencing procedure, Many RNA polymerase II promoters have been mapped and th 
mRNAs from: these promoters have been assigned to the latent or early/late productive virus cycles, Likely protein- -codin: 
regions have been identified and three of these have been shown to encode a ribonucleotide reductase, a DNA pone 


and two surface glycoproteins. 





EPSTEIN-BARR virus (EBV) is a human herpesvirus’ which is 
endemic in all human populations. Most people are infected 
with the virus in early childhood and then carry the virus for 
life. If the initial infection is delayed until adolescence, infec- 
tious mononucleosis frequently results. The virus is also linked 
with certain kinds of cancer. In the malarial belt of Africa, EBV 
isa contributory factor in the development of Burkitt’s lymph- 
oma and-in South-East Asia the virus is linked to the 
high incidence of undifferentiated nasopharyngeal carcinomas 
(reviewed in refs 2, 3). 

The lack of a simple permissive tissue system for EBV makes 
it difficult to obtain large amounts of virus and hampers genetic 
analysis. Until recently no genes had been located on the viral 
genome. Only p primate B lymphocytes appear to have receptors 
for the virus*® but in vivo both B lymphocytes and certain 
(possibly epithelial) cells in the oropharynx become infected’. 
There are many different EBV-infected lymphoid cell lines and 
these derive either from Burkitt’s lymphoma explants or from 
B lymphocytes infected in vitro with EBV. When B lymphocytes 
are infected with EBV they are efficiently immortalized to per- 
` pétual growth. The B95-8 cell line was established by infecting 
marmoset B lymphocytes with EBV from a human with infec- 
tious mononucleosis’. Only a small proportion of the B95-8 cells 
support virus production spontaneously; the remainder are con- 
sidered to be latently infected. The proportion of cells producing 
EBV can be substantially increased'° by adding various inducers 
such as the tumour promoter 12-O-tetradecanoylphorbol-13- 
acetate (TPA). 

EBV has a double-stranded DNA genome about 172 kilobases 
(kb) long which is linear in the virus particle’''* but exists as 
a circular episome inside the nucleus of the infected cell'*'*. 
The circularization is mediated by means of multiple direct 
sequence repeats about 0.5 kb long at the ends of the linear 
form!'®:'® which become joined in the circular form'*. The 
genome is further divided into a short and a long unique region 
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by direct sequence repeats (up to 12) of ~3 kb'’"'”. Unlike othe: 
herpesviruses, the short (Us) and long (UL) unique regions of 
EBV are maintained in a unique orientation relative to: each 
other. In most EBV- -containing cell lines (including B95-8) the 
majority of EBV DNA is episomal and it is generally though 
that most gene expression in such lines is from this form. 

The EcoRI and BamHI restriction fragments of the virus 
have been cloned and restriction maps for these enzyme 
obtained'*?°), By using these cloned fragments as probes in. 
Northern blotting experiments, many viral mRNAs have been. 
approximately localized on the viral genome*”?. As a result of 
hybrid-selected translation experiments on MRNA from EBV. 
infected cells, many viral proteins have been assigned to:region 
of the viral genome**”*. The genome is thought to be transcribed. 
by the cellular RNA polymerases II and HI. 

We have now determined the complete DNA sequence of the 
B95-8 strain of EBV and analysed the sequence for likely coding 
regions and transcription promoters, splice junctions and 
poly(A) addition sites. This information is being used to analyse. 
the transcription and gene expression of EBV. Here we show 
the overall arrangement of possible protein-coding regions and. 
summarize our present knowledge of the transcription and trans- 
lation of the virus. 


DNA sequence analysis 


M13 subclone libraries were constructed from suitable EcoRI 
or BamHI fragments of B95-8 EBV by the sonication method” 
using the Mi3mp8 and M13mp9 vectors™. These MI3 clones 
were sequenced randomly by the dideoxynucleotide procedure” 

and the data compiled in a DEC VAX computer using the 
programs of Staden*’. About 95% of the sequence of each region | 
was obtained on both strands by the random procedure and the. 
final single-stranded areas or ambiguities were resolved by more 

directed methods. The methods used have been reviewed by 
Bankier and Barrell*'. The sequence of each nucleotide was. 
determined on average 7.3 times and, apart from small parts of | 
certain repetitive regions, determined on both strands. To join: 
up the sequences of adjacent EcoRI or BamHI clones, random- 
sequence analysis of a clone overlapping the junction was per- 
formed. Restriction maps deduced from the DNA sequence are. 

shown in Fig. 1. f 
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a1 i š te sites, major open reading frames, 
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M 4 ; gi the B95-8 EBV genome. Restriction 
3] M4 8] LH maps deduced from the DNA 
s J E P iu sequence are shown for the enzymes 
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a4 z i | repeated regions of the genome are 
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* | = Ki L a AATAAA (mRNA 3' ends and 
i 3 H poly(A) sites) by vertical arrows. 
3 | HE uh ig 3 7 $ Marks the rarely used ATTAAA 3> 
8 "| | : H end signal: Promoters confirmed to 
= 3 3 H function in B95-8-cells.are shown by 
g] | j 7 the symbol ¢ and promoters sur- 
3r In i j mised from the DNA sequence are 
r z indicated by the symbol r. The read- 
T a j ae HOO ~ ing frames shown in the diagram 
a| HIF Te a UH were selected on the grounds of 
. iH length, codon usage, initiator 
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el al U scription signals. Confirmed pro- 
j x 4 moters have been mapped by a com- 
ey H k ld e bination of S, mapping and primer 
zd bs #1 extension on RNA from B95-8 cells 
el Mi 3 | and in some cases by in vitro tran- 
ea 5 H 7 scription. Possible promoters have 
£] “a -| L a been predicted from position and 
zd S H E sequences homologous to the TATA 
al gj 3 G box™. The complete DNA sequence 
j i a4 f and feature table have been 
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zl j | 4 ; dit tide Sequence Data Library, Post- 
ol F Ea i fach 10.2209, 6900 Heidelberg, FRG. 
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Table t Coordinates of the starts and ends of the reading frames indicated in Fig. | and the 
calculated molecular weights (MW) of the predicted polypeptides 


Name Position MW Promoter Comments 
BNRFI 1,736 5689 142,843 

BCRP 9675 10,184 = 19,914 

BWRFI 12,541 13,689 39866 12 copies 


oBYRFI 48,429 49,964 55,173 

BHRFI $4,376 54,948 21,893 

BHLFI 52,887 $0,578 66,244 BH-LI 52786 Early 

BFLF2 $6,935 55,982 35,361 

BFLF} 58,525 56,95} 57,912 

BFRFI $8,891 59,898 37,632 

BFRF2 59,610 61,580 70,942 

BFRF3 61,456 62,034... 19,966 

BPLFI 71,527 62,081 337,973 

BOLFI 75,239 71,523 132,750 

BORFI 75,238 76,329 39,191 BO-RI 75,052 Late 

BORF2 76,407 78,884 93,030 BO-R2 76,198 Par Ribonucleotide 
BaRFI 78,900 79,805 34,358 Ba-RI 78,838 Early reductase 
BMRFI 79,899 BIIO 43,373 BM-RI 79,871 Early 

BMRF2 81,118 82,188 39,515 BM-R2 $808)! Late 

BMLFI 84,122 82,746 51,347 

BSLF2 84,288 84,229 2,162 

, BSLFI 86,881 84,260 98,040 

BSRFI $6,924 87,577 23,861 BS-RI 86,918 Late 

BLLF2 $8,474 87,641 30,952 BL-L3 88,48) Early 

BLRFI 88,547 88,852 10,944 BL-RI 88,539 Late 

BERF? 88,925 89,410 17,687 BL-R2 88,896 Late 

SBLLFla . 92,153 89,433 94,431. BL-LI 92,158 Late gp3so 
“BELPIb 92,153) 89,433 TSIT gp220 
|. BLLES 90,013 89,569 16,652. BL-L2° 90,020 Early 

oA BERS © 92,243 - 92,599 12,832 


BERFE 92.646. 95162 92.314 { Homologous with 
BERF2a 95,353 95,721 13,186 BERF2b, BERF4 
BERF2b 95,725, 98,244 92,769 { Homologous with 
BERF} 983233 98,766 16717 BERFI, BERF4 

BERF4 98,805 101,420 95,543 Homologous with 
BZLF2 102,116 101,448 25,257 { BERFI, BERF2b 


BZLF!I 103,155 102,556 21,482 
BRLFI 105,183 103,369 66,594 
BRLF2 104,989 104,927 2,343 
BRRFI 105,182 106,111 35,319 
BRRF2 106,302 107912 56,954 


BKRFI 107,950 109.872 56,427 EBNA 
BKRF2 109,958 116,368 15,080 
BERPS 110,275 HELI? | 31,606 


BKERF4 pH,IO7 111,784 9 24,837 
BBLFA 114.259 111,833 89,853 
BBREL 144,204 116,042 68,456 
“BBRF2 [15,843 116,78) 34,916 
SBBLFS” 117,386°°316,784 22,605 
BBLF2 119,080 117,416 60,364 





BB-R} 119,014 Late 
BBRF3 119,137. 120,351 45,792 BB-R3 119,133 Late 
BBLFI 120,974 . 120,750 8,470. BB-LI 123300 Late 
BGLFS 122,341 120,932 52666 
BGLF4 123,692 122328 5129 
BGLF3 124,939 123944 37,708 
BGREI 124,938 125912 36,462 
BGLF2 126,873 125,866 36,888 EE-L& 126,895 Late 
BGLFI 128374 126,854 54,462 
BDLF4 129,021 128,347 25,448 
BDRFI 129,188 130,348 42,626 
BDLF3 131,066 130,365 23,791 EE-L4 131,073 Late 
BDLF2.. 132,389 131,130 464168 
\BDLFE 133,307 132,403 33,624 
BoLFI 137,466 133,324 153,916 EH-LI 137,676 Late 
BeRFI 137,862 139,715 68,711 
BTRFI 139,642 140,916 46711 
BXLF2 143,036 140,919 78,321 EC-L2 143,274 Late 
BXLF! 144,861 143,041 67,193 
BXRF! 144,860 145,603 27,063 
BVRFEI 145,416 147,125 62,46! 
BVRF2 147927 149,741 64,102 
BdRFI 148,707 149,741 36,127 EC-RI 148,65! Late 
BILF? 150,525 149,782 27,076 
BILFI 153,099 152,164 34,519 
BALFS 156,746 153,702 113,419 
BALF4 159,322 156,752 95,640 EC-LI 159,337 Late 
BALF3 161,678 159,312 85,536 
BALF2 164,770 161,387 123,122 
BALFI 165,517 364,858 25,149 
BARFL 165,504 166,166 24,47} ED-R} 165,498 Early 
BNLF2b 167,303 167,001 11,449 
BNLF2a 167,486 167,307 6,540 ED-L2 167,495 Early 
BNLFle 168,966 168,163 28,851 
BNLFIb 169,129 169,043 3,212 
BNLFla 169,474 169,208 9,942 ED-Li 169,517 Latent 


Glycoprotein? 


Glycoprotein? 
Membrane protein? 
DNA polymerase 
Glycoprotein? 





BLLFia and b are overlapping co-terminal reading frames, BLLF!b having a central portion 
spliced out, The locations of the approximate transcription start points of the confirmed 
promoters and the stage of expression of mRNAs from these promoters are given. Reading 

; frames identified as coding for known proteins are indicated. Reading frames rich in the 
glycosylation site sequence (N-X-T/S) are also noted, together with a possible membrane 
protein, which has many hydrophobic amino acid residues. 
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The complete DNA sequence, together with a table showin; 
the positions of the features shown in Fig. 1, has been depositec 
with the EMBL database; for reasons of space the sequence 
and feature table cannot be shown here. We have previous! 
published the sequences of the EcoRI Dhet, EcoRIC 
BamHI B, BamHIL, BamHla and part of the BamHIM 
regions together with some analysis of their transcription®?”®, 

Most of the sequence we have established is from single EcoR| 
or BamHI clones. The possibility that cloning artefacts may 
have arisen in the construction and maintenance of the EcoR 
and BamHI libraries cannot be excluded, but there is no reasoi 
to believe that such artefacts have occurred. The overlap betweer 
the EcoRI Dhet and EcoRI I fragments was obtained b 
sequencing the corresponding region of EBV strain, M-ABA 
which has a single base change in the EcoRI recogniti 
sequence. 

There are some well documented areas of the EBV genom 
in which some strains have deletions relative to most othe 
strains: one of these is in the BamHI WYH region and anothë 
is in the EcoRI C region. B95-8 does not have a deletion in th 
BamHI WYH region; the P3HR1 and Daudi strains, however, 
are missing bases 45,644 to. 52,450 and 45,415 to 52,824 of.ou 
sequence respectively*?*. There is a deletion of ~13.6 kb i 
B95-8 relative to most strains and we have determined: that 
lies between bases 152,012~152,013 by comparison. with -th 
sequence of the corresponding fragment of Raji DNA 
Similarly, a deletion of 2,648 base pairs (bp) in the EcoRI Dhe 
fragment of Raji DNA removes bases 163,978 to 166,635 of the. 
B95-8 sequence. 


Repeat sequences 


The genome is divided into the two unique regions ( Us and Uy, 
by the major internal repeat. We have avoided an earlier nomen: 
clature in which the genome is subdivided into smaller uniqu 
regions by other repetitive sequences because there are ma 
more repeat sequences in the virus than was previously though 
and these do not appear to separate functional domains. of th 
virus. 

In the EcoRI Dhet clone that we sequenced (derived from 
the circular form of the virus) there were four copies ‘of t 
terminal repeat, three of 538 bp and one of 523 bp. In th 
3.07-kb major internal repeat the sequence of only one of thi 
BamHI W clones was determined and for the moment weha 
assumed that the repeats are identical. The number of copi 
of this repeat (11.6 copies in the B95-8 strain) has been taker 
from previous work*'. Our sequence of BamHI W is. identica 
to that determined by Jones and Griffin’? but differs in tw 
places from the sequence of Cheung and Kieft”. 

Repetitive regions are scattered throughout the genome. So 
repeats are found in likely coding regions and it is known it 
some cases that the repeats are actually encoded into protein 
one of the most striking of these is the BamHI K Epstein-Barr 
nuclear antigen (EBNA) Gly-Ala repeat in the BKRFI readin 
frame (BKRFI is explained below). In this repeat and severa 
others there is no degeneration (third position variation) in th 
repeat sequences which are coding. Some mechanism or con 
straint apart from simply coding for protein may prevent these 
repeat sequences from drifting. 


Interpretation of the sequence 


The DNA sequence has been analysed* for transcription pro- 
moters, major open reading frames and possible polyadenyla- 
tion/mRNA processing sites. The reading frames, promoter: 

and AATAAA signals are shown in Fig. 1 together with other 
features of the sequence such as repetitive sequences. In our 
nomenclature, reading frames and promoters are preceded. by 
the abbreviated name of the restriction fragment in which they 
start translation or transcription. A promoter starting transcrip- 
tion in BamHI-K is preceded by BK-, one starfing in EcoRI C 
is preceded by EC-. This is followed by L or R depending o 

whether the promoter or reading frame is leftward or rightward: 
on the standard. map. Promoters, are then simply numbered; 













































ading frames have F and a number. Thus, BN-R1 would be 
a rightward promoter starting transcription in BamHI N and 
BCLF2 would be a leftward reading frame beginning in 
amHI C. In many cases (see below) we have demonstrated 
romoters to be functional in B95-8 cells but some promoters 
still only predicted from the DNA sequence. 

On grounds of size alone it is likely that all or large parts of 
ẹ reading frames shown are expressed as protein. Their posi- 
s with respect to each other and to promoter and polyadenyl- 
jon/RNA processing sites strengthen this argument. Because 
of the high G+C content (59.94% in B95-8) we have been able 
to use codon usage analysis to further justify many of the reading 
mes”. There are 84 unique major open reading frames shown 
ig. | and the coordinates and sizes of the reading frames 
nd locations of known transcription starts and various other 
eatures are shown in Table 1. The sequence is numbered from 
the EcoRI site separating EcoRI Dhet from EcoRI I. 
Generally the arrangement of coding regions in the unique 
regions is economical, particularly in the large unique region. 
Often there are few or no bases between reading frames and 
some promoters are found to lie in the coding regions of the 
adjacent genes. This economical arrangement in the unique 
regions contrasts with the large repetitive regions of the virus. 
The number of major internal repeat units is variable in different 
strains'’'*°-4" and tends to compensate for the deletions that 
certain strains have; this may indicate a packing constraint on 
the size of the virus. 


ene expression 


e total number of proteins expressed from the EBV genome 
nknown. Of the 84 major open reading frames, some may 
€ spliced together, tending to reduce the total number of 
proteins expressed by the virus, while alternate splicing patterns 
would increase the number of proteins. Some proteins (discussed 
below) are thought to correspond to the major antigens of the 
virus, EBNA, MA (membrane antigen) and the capsid proteins 
(VCA). Other classically identified antigens such as the EA 
{early antigen) group and LYDMA (lymphocyte-detected mem- 
brane antigen), remain to be identified as polypeptide chains. 
A large number of EBV-specific polypeptides have been mapped 
to particular regions of the virus by hybrid-selected transla- 
tion’***, though in some regions of the virus no proteins have 
yet been detected by this method. For example, the two very 
large leftward reading frames BPLF1 and BOLF! would encode 
polypeptides of molecular weight 338,000 and 133,000, respec- 
tively. However, no proteins have been reported as originating 
from this substantial region of the virus, though the fact that 
the reading frames are so large makes it fairly evident that they 
are expressed. 
> The EBV genome is thought to be transcribed by the cellular 
RNA polymerases II and HI. RNA polymerase III transcribes 
the two Epstein~Barr early region (EBER) RNA genes in the 
small unique region**“?, There is no evidence of any tRNA 
genes in EBV and our computer searches of the sequence have 
revealed none. The function of the EBER RNAs is not directly 

own but they will substitute for the adenovirus VA RNAs in 
an adenovirus infection. The EBER RNA genes are localized 
next to the maintenance origin of replication of EBV mapped 
by Yates et al’. 
We have searched for RNA polymerase II (pol IL) promoters 
by a combination of identifying 5’ ends of EBV mRNAs using 
Sı mapping and primer extension experiments and by in vitro 
transcription of EBV DNA fragments in a HeLa whole-cell 
extract®*. So far, 24 pol II promoters have been detected but the 
final total is expected to be more than twice this number. The 
location of the transcription starts of these promoters (which 
are all confirmed to function in B95-8 cells) are given in Table 
|All the promoters detected so far have sequences about 30 
bases upstream ôf their transcription starts that are homologous 
with the TATAAAA sequence”. 

RNAs have been classified as expressed in the latent cycle or 
early or late productive cycles****. We have compared the levels 





of RNAs in B95-8 cells either not treated or treated with TPA: 
Although the control B95-8 cells produce virus, the levels of 
productive cycle RNAs are low in control cultures and increase 
very dramatically on TPA treatment so, in practice, it is easy to 
distinguish latent cycle RNAs from productive cycle ones in 
this system. Phosphonoacetic acid (PAA) is used as an inhibitor 
of viral DNA synthesis” to distinguish between early productive 
cycle RNAs and late productive cycle ones. PAA prevents the 
TPA induction of late RNAs but not of early RNAs. 

It is unknown whether the regulated expression of EBV genes 
is controlled at the transcriptional level or through RNA process- 
ing or stability; there is a precedent for transcriptional regulation 
in herpes simplex virus (HSV). We previously noted 
homologous DNA sequences upstream of some EBV pro- 
moters’”** which might be used to regulate those genes at the 
transcriptional level. All the promoters which had those sequen- 
ces give rise to late RNAs but only a few of the late promoters 
have the sequences, so it remains to be seen whether they are 
functionally important. The promoters are classified as latent, 
early or late in Table | though at present this classification refers 
to when the corresponding RNA is observed, rather than proven 
regulation of the promoter activity. 


Genes active in latently infected cells 


Significant levels of mRNA are expressed from three regions of 
the genome in latently infected cells in addition to the pol III 
EBER RNA transcripts*?*°*”: one of these regions is the BamHI 
WYH region where mRNA is latently transcribed rightward 
possibly from the in vitro promoter” in BamHI W (transcription 
start at position 45,104) or from the small unique region. A 
mature latent mRNA of 3.0 kb containing exons in Bam W, Y 
and H has been described**. We have confirmed that there is a 
strong in vitro promoter starting transcription at position 45,104 
but have been unable to show that it operates in B95-8 cells. 
Our preliminary Northern blotting experiments in the 
Bam W, Y, H region reveal two spliced rightward latent RNAs 
of 2.4 and 3.7 kb. The deletion in P3HRI which may account 
for the nontransforming phenotype of this strain affects the 
region where these mRNAs map as well as the early RNA 
transcribed across the 125-bp repeats, encoding BHLF1*’. 

A second latently transcribed region is BamHI K. A 3.7-kb 
latent RNA hybridizes with BamHI K which contains a simple 
repeat sequence 708 bases long, consisting only of the triplets 
GGA, GGG and GCA”, This repeat sequence lies in the BKRF1! 
reading frame and codes for an amino acid sequence consisting 
of only Gly and Ala. This region has been conclusively shown 
to code for the nuclear antigen EBNA-1 (refs 44,60). The 
molecular weight of the BKRFI reading frame is 56,427 which 
is lower than the observed 68,000--85,000 of the EBNA-1 protein. 
The molecular weight of EBNA varies in a strain-specific manner 
according to the number of repeats in the BKRF1 frame®'. The 
location of the promoter for latent transcription of the EBNA-1 
gene is not yet known but may lie several kilobases upstream 
of the start of the BKRF1 frame”. The observation? that a 
protein very similar to EBNA is produced in response to trans- 
fection of a BamHI-—Hindlll fragment (positions 107,565- 
110,491) implies that BKRFI! accounts for most of the coding 
sequence. Another EBNA (EBNA-2) has been identified, though 
the gene for this has not yet been accurately localized on the 
genome map™. A third nuclear antigen appears to map to the 
BamHI M region”. 

The most abundantly transcribed EBV mRNA in latently 
infected cells is a 2.8-kb RNA encoded by EcoRI Dhet?>5%°’ 
which has been correlated with a latent active leftward pro- 
moter” at position 169,513 (ED-L1). In the latent virus cycle 
the RNA from this promoter is spliced and most of the mRNA 
is composed of an exon containing the BNLFlc reading frame 
and terminating at the poly(A) addition site at 166,950. This 
mRNA probably codes for a 42,000-molecular weight membrane 
protein’. The 5’ end of this mRNA may be different in the 
productively infected cell. 





















Early productive cycle genes 


e 
Productive cycle RNAs are induced in B95-8 cells by treatment 


with TPA and induction of early RNAs is not inhibited by 
blocking viral DNA synthesis with PAA. The functions of three 
reading frames in B95-8 EBV have been identified by comparing 
the protein-coding sequences of all the reading frames in EBV 
with a library of known protein sequences. RNAs encoding 
these reading frames are expressed in the early productive cycle. 
We. found that the reading frame BALFS is similar to the HSV 
DNA polymerase (J. Quinn and D. McGeoch, personal com- 
munication) and the reading frames BORF2 and BaRFi are 
similar (112 amino acids out of 301) to the HSV ribonucleotide 
reductase gene region*®. The EBV reading frame BXLF1 has a 
small region of homology (19 amino acids out of 35) with the 
HSV2 thymidine kinase gene®. This sequence, however, may 
represent a nucleotide-binding site™ rather than necessarily 
imply a thymidine kinase function for BXLFI. 


Late productive cycle genes 


The major component of the virus capsid is a 160,000 (160K)- 
molecular weight protein and a similar-sized protein has been 
observed by hybrid-selected translation using the EcoRI E frag- 
ment”*. This protein may be encoded by the BcLF1 reading 
frame which would give a 154K protein. 

: The membrane antigen (MA) of EBV contains several proteins 
including gp350/300, gp250/200, p140 and gp85: three of these 
are glycoproteins (gp). Antibodies to MA and to the gp350/300 

` neutralize viral infectivity in tissue culture®*®*, The sequences 
of these proteins are of interest, therefore, in the development 
of synthetic vaccines against EBV infection. Hummel et al.®’ 
have mapped gp350/300 and gp250/200 to the BamHI L region 
by hybrid-select translation and suggested that they may be 
expressed from overlapping reading frames because they have 
peptides in common. By Northern blotting and S, mapping”, 
< it has been shown that there are two co-terminal late RNAs 
containing the BLLF1 reading frame, the smaller having most 
or all of an internal repetitive region removed by splicing”. It 
is proposed that gp350/300 is expressed from a 2.8-kb mRNA 
and gp250/200 is expressed from a 2.2-kb mRNA which is 
spliced, removing the repetitive region”. 

Although the location of the gene for the gp85 protein is 
unknown, two obvious candidates are the BALF4 and the 
BDLF3 reading frames as they are about the right size and 
contain many potential glycosylation sites. The non-glycosylated 
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membrane protein p140 is 143K in size and a similar-sized vir 
protein was mapped to the short unique region”; this protei 
is probably encoded by BNRFI. 


Conclusions 
Our structural approach to the biology of EBV, making use of 
the complete DNA sequence, has been particularly useful 
because of the lack of viral genetics and because of technical 
obstacles to working with the virus in tissue culture. The library’ 
of over 6,000 characterized M13 clones covering the genom 
obtained from the sequencing programme is proving most useful 
in analysing the gene expression of the virus. By using the M13 
clones as probes for S, mapping and Northern blotting exper 
ments, we are now constructing a detailed transcription map.o 
the virus. 

One of the most interesting features of EBV is its ability t 
immortalize B lymphocytes. Only a few regions of the genom 
are expressed in the latently infected lymphocyte: some of thes 
may be involved in maintenance of the viral DNA and one. 
least is presumably involved in the immortalization. Identifying 
the immortalizing function may be useful both technically. fo 
making human monoclonal antibody lines that do not. secrete. 
EBV and with respect to the involvement of the virus in 
oncogenesis. EBV does not seem to be the proximal cause 
Burkitt’s lymphoma (reviewed in ref. 68) but is nevertheless 
contributory risk factor. The fact that virtually every South-Ea 
Asian undifferentiated nasopharyngeal carcinoma carries EB 
DNA implies a link between the virus and this disease. A region 
of the EBV genome which immortalizes epithelial cells has been 
identified but immortalization of lymphocytes may require 
other EBV genes. At present it seems that an understanding o 
the role of the virus in these diseases will probably derive from 
a future investigation of the detailed molecular biology © 
EBV. 
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The empirical data on triton B- decay, H —>°He +e” + è, have 
been analysed with _ regard to their implications for neutron f 
decay, n> p+e~+¥,. The latter process is a primary source of 
information on weak interactions in the aucleonic sector’; it also 
hasa central role in big-bang cosmology” and in nuclear astrophy- 
sies in relation to the solar neutrino problem*. Unfortunately, the 
absolute rate of neutron £ decay is rather uncertain". The Particle 
Data Group has recommended the value 7, =925+115 for the 
neutron lifetime®, based on two direct measurements’® which are 
in-close accord, but barely consistent with the value +, = 905+ 11s 
_ derived from directional correlation data on polarized and unpolar- 
ized neutron decay*'', and the comparative half lives of pure 
Fermi mirror transitions'*""", A third direct measurement has given 
the value 7, = 877 11s (ref. 14), which is totally at variance with 
all other evidence. We suggest here that the triton data exclude 
values of 7, outside the range 911+ 10s, and deduce a weighted 
mean value 7, = 91416 s. 
Weak interactions are known’ to be mediated by vector 
bosons, in the same way that electromagnetic interactions are 
mediated by the exchange of photons. But whereas the space- 
time structure of the electromagnetic current is purely vector in 
character, the weak current has vector and axial components 
with corresponding form factors gy and g, analogous to the 
electromagnetic charge form factor. The weak current is further 
subdivided into leptonic and hadronic contributions, the latter 
having the transformation properties of an isovector. In the 
purely leptonic decay of the muon, gy and ga are identical, but 
this is not the case for neutron 8 decay, where the strong 
interactions are dominant. As an added complication, only the 
strangeness non-conserving part of the hadronic weak current 
contributes, resulting in an effective reduction of the weak 
coupling constant by a factor cos 0, (ref.16). In the quark model 
of hadrons, the Cabibbo angle 6, fixes the mixing of the d- and 
- §-quark contributions in the hadronic weak current”. 
In other respects, neutron 8 decay is very simple; there are 
no nuclear structure effects and the energy release E= 
0.782 MeV is so low that the energy dependence is manifested 
solely in the phase space factor f, which includes the effect on 
the Coulomb field of the residual proton (or indeed of a strong 
magnetic field, for example, inside a neutron star'*). It is there- 
fore convenient to express the decay rate in terms of the com- 
parative half life (/1),, also referred to as the ft value, where 
t= r In 2 is the half life. 
Triton Ø decay, like neutron decay, is a mixed transition 
between members of an isospin doublet. Because the mass excess 
of the second neutron in *H is closely matched by the Coulomb 
energy of the second proton in *He, the two isospin substates 
i are almost degenerate and the resultant low value of the energy 
: release makes the transition ideal as a candidate for a neutron 
ass search’””°. Thus, in view of the sustained interest in this 
question the main parameters of the decay have been determined 
With some precision. 
From these new data we may calculate the fi value for triton 
decay and, subject to an important correction to the Gamow- 
Teller matrix element Mcr, a result may be derived for the 
number A, which is defined as the ratio of the axial vector and 
-polar vector form factors in neutron B decay. As the polar vector 
coupling constant is determined to an accuracy of ~0.03%, 

either from the aforementioned Fermi decays or from the muon 


15 





lifetime”', and the Cabibbo angle is derived from weak decay 
rates in the baryon octet”, the neutron ft value and ultimately 
the neutron lifetime can be calculated. 

Two values of the triton half life of comparable accuracy are 
currently available; the value t, = 12.262 + 0,004 yr (ref. 23) was 
determined from measurements of the growth rate of “He in a 
sample of molecular tritium, while the value t= 
12.346+0.002 yr (ref. 24) was obtained by calorimetry on 
samples of titanium titride and gaseous tritium. These results 
differ by ~0.8%, a discrepancy which is well outside the claimed 
precision for either measurement but which is not of great 
importance in the present context. 

We may calculate the phase space factor f using the para- 
meterization of Wilkinson and Macefield*’ which takes account 
of nuclear recoil and radiative corrections up to 0(@), and is 
accurate to better than 0.1%. Two recent measurements of the 
*H-He neutral atom mass difference, which agree on the value 
18,573 +7 eV (refs 26, 27), give a result for the endpoint energy 
Ey = 18,532 +7 eV, allowing for the difference in binding energy 
of H and He* atoms**. The resultant value for f is 2.8980 x 107°. 
Allowing for the =30% of decays to excited atomic states”’, this 
number is reduced to 2.8913 x 107%; on the other hand, inclusion 
of the 0.7% branch to neutral helium?’ and the 0.1% contribu- 
tion of radiative corrections 0(a@*)*! tends to increase f. The final 
figure is f= (2.914+ 0.006) x10. 

We now exploit the relationship connecting ft values for 
allowed decays within T =4 and T=1 isospin multiplets 


O +AMoa PAG + 3°) = 2ft(0* +0") 


where the empirical average over Fermi mirror decays ¢ ft(0* > 
0%) = 3,083. 141.458 (ref. 5) provides, in effect, a measure of 
the polar vector coupling constant. From these data, we obtain 
the result |AMo7|* = 4.455 + 0.022, making due allowance for the 
uncertainty associated with the two competing values of the 
triton half life. 

For the neutron Mg; = V3, but A #1 (for the muon A = 1) as 
the weak form factors are renormalized by the strong interac- 
tions. For the description of nuclear 8 decay in the impulse 
approximation, this renormalization is expressed by assigning 
effective weak charges to the nucleons, a procedure which is 
very successful for pure Fermi decays because the vector current 
is conserved. The axial current is only partially conserved 
(PCAC), and in Gamow-~Teller transitions the axial coupling 
constant is quenched. This effect may be traced to core polariz- 
ation and relativistic terms in the nuclear wave functions, and 
to meson exchange currents and in general is very complicated. 
However, in mirror nuclei with one hole or one particle outside 
an N = Z core, the dominant nucleonic contribution to the core 
polarization vanishes exactly, and the remaining corrections — 
now appear to be reasonably well understood**** 

For the triton, Towner and Khanna” compute a net reduction 
6=~2.6% in Mor, most of which (~1.6%) derives from the 
relativistic effect?” because of almost complete cancellation of 
the core polarization and meson exchange contributions. Oset 
and Rho” concur and, by arguing that the quenching process 
may be understood in terms of the connection between the axial 
vector matrix element and the pion—nucleon scattering ampli- 
tude as expressed by the Goldberger~Treiman relation, find 

= ~2.340.3%. To cover the full range of predictions, we shall 
assume that 8=~—2.640.6% giving the result |Mor? = 
2.846 + 0.035. Combining the triton data, we find that A= 
1.251 +0.008. The corresponding results for neutron B-decay 
are (ft), = 1,083+12s and 7, =911+ 10s, where we have used 
the value fa = 1.71465 + 0.00015 (ref. 5). This conclusion is con- 
sistent both with correlation data on neutron B-decay and with 
the direct lifetime measurements, excluding the one anomalous 
result'*. We therefore ignore this result and average the com- 
bined triton and neutron data to give (ft), = 1,086+7 s with 
Tt, =914465 and A = 1.249 + 0.005. 

















Finally we consider the theoretical significance of the para- 
meter A which, according to the Goldberger-Treiman relation? 
is given by the formula! A = f,g,..1n/ My where f, is the charged 
pion decay constant, g,x~ the pion nucleon coupling constant 
and My the mean nucleon mass. This relation is usually intro- 
duced in the context of PCAC theory but is currently viewed 
as a consequence of an exact chiral symmetry of the strong 
interactions whose associated conserved currents are identified 
with the strangeness conserving isovector and isoaxial weak 
currents. The non-existence of an isospin doublet, degenerate 
with the nucleons but of opposite parity, indicates that the 
isoaxial symmetry is spontaneously broken, and implies the 
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NGC3256 is a spectacular peculiar galaxy, with a highly chaotic 
nuclear region consisting of several bright knots. Two diffuse tidal 
tails are visible evidence of violent past history. The galaxy has 
been classified on the basis of this tidal damage as the remnant of 
two colliding galaxies in the final throes of merging’. The galaxy 
is highly luminous, with Mp = —22.6, as well as being a bright, 
narrow emission-line galaxy’. At radio wavelengths, NGC3256 is 
one of the brightest in Wright’s survey’ of interacting galaxies. 
We have discovered bright and exceptionally extended 10-pm 
emission that is evidence for an extremely luminous starburst 
extending over several kiloparsecs, which will leave the system 
severely gas-depleted. This depletion, in combination with the 
violent stellar relaxation which accompanies galaxy mergers, sug- 
gests that NGC3256 will become an elliptical galaxy. 

NGC3256 was observed in February 1984 as part of our 
programme to investigate the IR properties of interacting 
galaxies’. Merging galaxies such as NGC3256 are an interesting 


oe subgroup of these, not only because the interactions are expected 





Present address: Department of Astronomy, The University, Manchester M13 9PL, UK. 





existence of an isotri iplet of massless bosons with the quantum 
numbers of the pion*”, Because the pion is not, in fact, massless 
the chiral symmetry is not exact, and the parameter. A, 
1~AM./f,8enn provides a measure of the degree of symmet: 
breaking. Although it has proved difficult to compute an accurate 


value for this parameter“? in a recent calculation based o 


current algebra and extended PCAC theory, Dominguez has 
obtained the fairly precise result A„ = 0.06 + 0.02 (ref. 43). From 
the value of A derived in the present work and using the data 
J, =93.24£0.09 MeV, My = 938.926 + 0.002 MeV and Erny 
13.396 + 0.084, we find the value A, = 0.061 + 0.007 which i is 
good agreement with the theoretical estimate. 
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to be particularly violent, but also because of the suggesti 
that a significant fraction of elliptical galaxies could be thi 
endpoint of mergers. The 1.5-m telescope at the Cerro. Tolok 
Inter-American Observatory was used to make measurement: 
at JHKL (1.25, 1.65, 2.2, 3.5 pm) and 10 pmina 15 arc s aperture 
centred on the optical nucleus. 3 x3 maps using the same beam 
with pixel centres displaced one half beamwidth, were also made 
at these wavelengths. In addition, JHKL measurements wer 
made in a 30 ares aperture on the nucleus. At 10 um, the flu 
density measured on the nucleus was 1.7 + 0.15 Jy. Emission wa 
also detected in the pixels to the east and south-east at 1.24.0.2J 
and 1.30.3 Jy respectively. The integrated flux of about 3J 
makes this object one of the brightest extragalactic 10-um sour 
ces, At the distance of 53 Mpc inferred from its redshift’ (Hy = 
50kms~! Mpc™') the nuclear 10-ym luminosity of NGC3256 
=1.8 x10'° Lo. This surpasses the 10-um luminosity of all rec- 
ognized ‘starburst’ galaxies by an order of magnitude, and rivals 
that of the powerful Seyfert galaxies. Extrapolating this spectrum 
into the far IR suggests a total IR luminosity of order 3 x 10"! Le 
(ref. 6). The mass contained within the central IS arcs (4kpe 
determined from the mean rotation curve is 6 x 10° Mo. Thu 
the mass/ luminosity ratio in solar units is ~0.02( Ho/ 50). Clearl 
this ratio cannot be sustained by normal star formation over the: 
lifetime of the galaxy. 

The 10-um source must be extended on a scale of several 
arcseconds. This follows directly from consideration of the 
10-4m fluxes observed at three positions together with the 
measured beam profile. In fact, the 10-~m emission is almost 
certainly more extended than these measurements suggest: A 
remarkably red K — L colour «1.0, indicating a large excess at 
L, extends over most of the central 30 arcs (typical galaxy 
colours are 0.3). Furthermore, one third of the total luminosity 
at L measured in the 30 arcs beam falls befond the centr: 
15 arcs. The most plausible interpretation of these results is that 
a mammoth burst of star formation has been triggered by the 
violent gravitational tides and collisional shocks produced by 










































¢ interaction. The steeply-rising IR spectrum looks very much 
like that typical of known starburst galaxies such as M82 (ref, 
6). The very small mass/luminosity ratio, and the evidence for 
spatially extended 10-4m emission are features characteristic of 
starbursts. In a starburst, the luminosity at 10 um and at L i$ 
due to massive early-type stars. The dust cocoon surrounding 
these stars at birth absorbs their light and reradiates it in the 
IR. The considerable variations we find in the JHK colours 
measured at different positions in our maps suggest that we have 
within the same aperture both the unreddened light from knots 
of less massive blue stars and emission from hot dust. 
‘Apart from the intrinsic interest of an unusually luminous 
starburst, this discovery has one interesting further implication. 
here are both theoretical and observational arguments which 
upport the suggestion that merging galaxies can evolve into 
ipticals. Numerical simulations™ show that the violent relaxa- 
‘ion following a collision produces a stellar velocity distribution 
similar to that in ellipticals. Observations of galaxies like 
NGC7257 and NGC5128 show this effect in the stellar velocity 

istribution, as well as an r'/* luminosity profile’. However, as 
White’ and others have pointed out, the ultimate fate of the gas 
which the two merging galaxies originally contain is an outstand- 
ing difficulty. If mergers generally result in powerful starbursts 
imilar to that in NGC3256, this lacuna in the merger-elliptical 
evolution scenario is resolved. The massive early-type stars 
responsible for the high IR luminosity eventually become super- 
novae, and the mechanical energy in the supernovae ejecta is 
sufficient to drive a galactic wind which will leave the galaxy 
everely gas-depleted. 
Galactic winds driven by supernovae have been discussed 
slsewhere’ but we can argue that, on simple energetic grounds, 
he supernovae resulting from the starburst in NGC3256 will 
be able to sweep the galaxy free of gas. The IR luminosity Lir 

is. powered by early-type stars of average luminosity J, so the 
_total mechanical energy supplied by the supernovae produced 
when these stars explode is (Lig/l,)Esx, where Esn = 10°! erg 
s.the energy liberated by each supernova. The condition that 
his ejected gas, and any remaining interstellar gas, escape from 
he galaxy is 
GM’ Lip 


eee een 


Esn (1) 
r ly 


where we have made the conservative assumption that all the 
mass, M, inside a radius, r, is gas. In fact, a considerable fraction 
may be locked up in remant objects and low-mass main sequence 
tars. If the duration of the starburst, 7,, exceeds the lifetime 
f a typical early-type star, Tą, then additional generations of 
supernovae will contribute to the kinetic energy, increasing it 
jy a factor 7,/7,. We may therefore re-express the condition 
or gas ejection in terms of the mass/luminosity ratio: 


M ( Tp )( My T Mo , 
<1x — (2) 
Lig 2x10" yr/ \10 Mo Le 


where m, is the mass of a star characterizing the starburst. If 
'etake a 10 Mo star to typify the early-type stars in the burst’, 
d we assume, conservatively, that there is only one generation 
Mf stars, (that which we are presently observing), then the 
ondition for escape of all the gas is that M/Lir< 1. As the 
bserved M / Lig for NGC3256 is 0.02, this condition is easily 
atisfied. Thus, there is more than enough mechanical energy 
o drive a galactic wind which will carry the gas out of the galaxy. 
NGC3256 is, therefore, one of the most luminous examples 
fa starburst yet discovered. It also demonstrates that merger- 
nduced star formation is sufficiently vigorous to produce a 
emnant as gas depleted as any elliptical galaxy. The discovery 
{the super-starburst in NGC3256 supports the idea that at 
east some of present-day elliptical galaxies could have been 
ormed by mergers. 
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Pulsed y rays from the Vela pulsar PSRO833~45 are reported 
here for the first time at the medium energies, E, of 0.3-30 MeV. 
They were observed with the University of California, Riverside 
double scatter y-ray telescope’ flown on a balloon from Alice 
Springs, Australia, on 10 November 1981, 31 days after a large 
glitch in the pulsar period. The first and second pulses were detected 
from single scatters in the top scintillators, S1, at energies 
>0.3 MeV with statistical significances of 1.60 and 1.60 (together 
20), and by double scatters from all detector cell pairs at energies 
of 1-30 MeV with significances of 4.80 and 3.80 (together 5.87). 
The phase separation of the two pulses is 0.43 + 0.02 at the same 
absolute phases previously found by SAS 27 and COS B? for 
E >35 MeV. The energy distribution with six points from 0.3 to 
30 MeV appears to bend away from the COS B power law‘ at the 
lower energies and is well below the HEAO 1° upper limits. 

PSRO0833 — 45 is the strongest y-ray source in the sky’>* for 
E > 35 MeV. Its energy distribution decreases as E~! from 
0.05 to 5 GeV (ref. 4). It was discovered at the radio frequency 
of 408 MHz (ref. 7) and confirmed at other radio frequencies. 
Optical pulses were measured that are centred about the same 
phase as the two y-ray pulses but only 0.25 in phase apart®. The 
single radio pulse leads the primary y-ray pulse by 0.12 in phase. 
Upper limits, only, exist for soft and hard X rays*. The report’ 
of pulsed y rays from 10 to 30 MeV with a narrow peak following 
the radio pulse has not been verified. 

Our balloon was launched in the evening at 10.5 UT and 
reached an altitude of 4.5 g cm~? at 15.5 UT when observations 
began, 4.5h before the meridian passage of PSRO833—45. 
Observations continued for 9h after zenith passage. In the 
double scatter mode the telescope measures the energy of the 
incident y ray and its angle to a ring on the sky’. Its fractional 
energy resolution varies from about 6 to 25% HWHM (half 
width at half maximum) for scatter angles in the first scintillator 
of 50°--10°. The scatter angle resolution is ~ 10° HWHM indepen- 
dent of scatter angle. All cell pairs are used in the analysis. The 
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Fig. 1: -Light curves for y rays of: a, 50-6,000 MeV, COS B, ref. 

12:6, double scatter, this work; c, 0.3~1.5 MeV, single scatter, this 

work timed absolutely. relative to d, the 2,295 MHz radio light 
curve (R. N. Manchester, personal communication). 


energy thresholds for the top (S1) and bottom ($2) scintillators 
were 0.32 and 0.40 MeV, respectively. 

The Vela pulsar parameters and epoch provided by R. N. 
Manchester (personal communication) were determined from 

. the’seven central arrival times of the single radio pulse recorded 

on 3, 6, 9, 11, 16, 18 and 20 November 1981 at Honeysuckle 
Creek Radio Observatory, Australia. Manchester’s values for 
the period P and P were verified with his topocentric arrival 

“times and our program. The parameters are: epoch 
(Manchester’s) 2444912.07142550356 JD; radio pulse phase 0.0; 
period 0.08925813256779 s; and period derivative 124.915107 x 
107!5ss7', In the large glitch between 10 and 11 October 1981, 

“Vela’s period decreased by ~102 ns (ref. 10). Its recovery is 
accurately described by two exponential decays with time con- 
stants of 1.62+0.18 and 233+ 1 days. The P and P used for our 
observations 31 days after the glitch are in complete agreement 
with this observation’? 

The direction of the s source was determined from the overlap- 
ping of the rings on the sky. The total flux (pulsed plus constant) 
was determined for source bins on the sky as previously dis- 
cussed''. The contours for total flux showed a maximum in the 
direction of the Vela Pulsar’'. 

The pulsed y rays are analysed over the observation time of 
= 15:46.UT 10 November to. 0:50 UT 11 November 1981 with live 
_ time chosen for the Vela observation of 8h 41 min 35s (Vela 
zenith angle <59°). Selective angle cuts determined by the size 
of the cell combinations in S1 and $2 were applied along with 
the exclusion or events with cones <10° above the horizon. y-ray 
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Fig. 2 The energy distribution of pulsed y rays from the Vela“ 
pulsar PSR0833 — 45. 


light curves obtained only from single scatters in SI -and from 
double scatters are shown in Fig. | along with the light curv 
for radio waves and for COS B y- rays’? with E > 50 MeV. Fo 
the single scatter mode, a count rate above a threshold 
0.3 MeV was recorded every 5.12ms but y-ray energies 
directions were not measured. for individual y rays. The 
efficiency area product of about 3x 10° cm? is responsible | 
the high count rates. Here the Vela zenith angle was kept <45 
to maximize signal-to-background noise. The uncerialnty i 
phase of the single scatter light curve is +0.029 (+2.56 ms), ha 
the accumulation bin size. 

For double scatters, oń the other hand, energies, angles an 
times to 0.05 ms were provided for each event. The dotted lin 
shows the backgrounds calculated from the six channels no 
including the four channels in the pulses for the single scat 
results and the 14 channels in the non-pulsed region betwee 
the second and first pulses in the double scatters. A x° ploto 
a phase sweep +250 ns from the Manchester pulse period an 
light curves at sampled periods confirm that the Manchester: 
was the best choice for our observations. The ratio of the coun! 
in the inter-region between the first and second pulses. to th 
counts in the first pulse, using the same background as forth 
pulses, is —0.1+0.5. This is to be compared with the value 0 
about 0.8+0.1 from COS B at energies of 50-300 MeV (ref. 12). 

The absolute phases of the first and second pulses from the 
double scatters agree with those of SAS 2° and COS B”? to ou 
uncertainty of <+0.0! in phase, Our phase separation between 
pulses | and 2 is 0.43 + 0.02, also in agreement. Our pulse width 
of 0.045 +0.015 FWHM for each pulse, obtained from. a S( 
channel light curve, are in reasonable agreement with those of 
COS B for E > 50 MeV. 

A separate light curve was run for energies of 10-30 MeV. 
Our first and second pulses, seen with significances 2.5 and 
1.80 (together 2.90), are located at the same phases as for Fig, 
1. Our signal at the position of the single pulse previously 
reported at 10-30 MeV (ref. 9) is below background. We there- 
fore find two-pulses.at, 10-30:MeV with the same phases as at 


















































our lower energies and at SAS 2 and COS B higher energies 
which are in disagreement with the previous single pulse. 
< The upper five energy points of our energy distribution come 
rom the double scatters. Slightly different angle cuts were used 
this analysis to match the efficiency calculations of the Monte 
arlo program. The light curve of each of the energy intervals 
is plotted, each background is evaluated as above and the pulsed 
signal above background is taken from the same single channels 
(4 and 17) as for the first and second pulses in Fig. 1. The count 
tates are converted to fluxes and are plotted on Fig. 2 along 
with the COS B power law for E > 50 MeV and the upper limits 
at lower energies'*"'’. The dotted and dotted-dashed lines are 
he theoretical predictions for the shape of the energy distribu- 

n given by low-altitude acceleration polar cap models with 

arge opening angles and pulsar radii of 10-30 km (ref. 18). The 
dotted curve is based on the Ruderman-Sutherland'’, RS, model 
and the dotted-dashed curve on the Scharlemann et al.°, 
SAF, model. The earlier point for 10-30 MeV with a single 
different phase pulse is also included. A least squares power 
aw fit to the five points gives (3.641.3)x10™* E70 4*0 
photons cm~? s7! MeV~'. This distribution was integrated 
between 0.3 and 1.5 MeV to estimate that 60% of the single 
scatters occurs between 0.3 and 1.5 MeV. A Monte Carlo calcu- 
ated efficiency leads to the flux plotted in Fig. 2. Although the 
COS B energy distribution’? best fit from 50 to 3,000 MeV fol- 
lows the power law — 1.89 + 0.06, the best fit from 50 to 300 MeV 
is ~1.77+0.15. Our value of ~1.6+0.2 from 1 to 30 MeV con- 
tinues the trend. All standard deviations and significances in 
this paper were calculated using equations (6) and (17), respec- 
tively, of ref. 21. 

It appears that the points gradually bend away from the COS B 

urve at the lower energies and are well under the upper limits 
of HEAO 1. The power law, 2.2 x 107* E~ ™ photons cm? s*! 
MeV™', joining the 0.3-1.5 MeV point to the optical point® at 
-eV does not violate the X-ray upper limits. The lower limit on 
_ the ratio of the energy in pulsed y rays of 1-30 MeV to those 
of | eV—1 MeV is thus 10 while the ratio of the energy in y rays 
of 1-30 MeV to those at higher energies of 30 MeV-3 GeV is 
about 0.5. Our energy distribution i is in reasonable agreement 
with the predicted shapes of Fawley" for the RS and SAF polar 
cap models. However, he also cautions that it will be difficult 

‘or the model to fit both the optical and y-ray light curves. And 

the predicted energy distribution cuts off sharply about 1 GeV 

o it cannot explain a continuation of the COS B power law of 
E to higher energies. 

: We thank NSBF for their expert balloon launch, data retrieval 
and payload recovery, R. N. Manchester for providing the 
PSR0833 — 45 radio data and NASA for valuable support from 
grant 05-008-022. 
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Ackerman et al.’ have reported experimental evidence for the 
existence of a dust layer at an altitude of 60 km (see ref. 2). Using 
their extinction measurements at 0.44 and 0.65 pm, they concluded 
that these dust particles are “made out of brownish matter”, They 
did not, however, speculate on what this matter might be. Nor did 
they estimate the size of the particles, other than that they are 
much smaller than the wavelengths of visible light. Our analysis, 
using their data, suggests that the particles are composed of 
haematite (a-Fe,O,) and have radii around 200 A. Experimental 
evidence either to support or to refute this condition could be 
provided by measurements in the UV, especially near 0.34 and 
0.40 pm. 

Extinction (scattering plus absorption) by sufficiently small 
absorbing particles is dominated by absorption. The absorption 
cross-section (normalized by the geometrical cross-section) of 
a small homogeneous sphere of radius a is approximately’ 


m°- | 

m? +2 

provided that x« 1 and |m|x« 1, where the size parameter x is 
2ra/A, m= n + ik is the complex refractive index of the particle 
(in air) at the wavelength A and Im{---} is the imaginary part of 
the quantity in parentheses. 

We calculated Q,,, at 0.44 and 0.65 um, using unpublished 
measured values of n and k for haematite (a-Fe,0,). (The 
wavelength dependence of k for haematite and several solids 
and liquids that are found as atmospheric particles is shown in 
Fig. 14.1 of ref. 3.) Haematite is anisotropic, but not to the 
extent that this needs to be taken into account in an estimate 
of extinction by small haematite particles. Accordingly, we have 
used n and k appropriate to an electric field perpendicular to 
the optic axis. 

At A=0.65 ym (red) the complex refractive index of 
haematite is 3.08 + 10.13; at 0.44 um (blue) it is 3.2 + i1.35. From 
the preceding expression for Q,,, it therefore follows that extinc- 
tion of blue light exceeds that of red by a factor of about 11.6. 
This is consistent with the assertion by Ackerman ef al. that 
“the optical efficiency of the layer increases more than 10 times 
when the wavelength of the interacting light changes from 0.65 
to 0.44 um”. 

Exact calculations of the ratio of absorptions at 0.44 and 
0.65 um are shown in Fig. 1. For radii <200 A this absorption 
ratio is independent of size. As the radius is increased, however, 
the absorption ratio rises to a maximum at ~450 A before a 
sharp decrease. This results from the greater contribution of the 
magnetic dipole term (and higher-order terms) in the series for 
the cross-section at 0.44 than at 0.65 um, because k is much 
larger at the shorter wavelength; for very small particles, only 
the electric dipole term contributes to the cross-section. For 
sufficiently large particles we expect the ratio of absorption 
cross-sections to approach an asymptotic value <1, as indeed 
it does. This is easy to explain using geometrical optics argu- 
ments: all the incident light that is not externally reflected by a 
large absorbing particle enters it and is absorbed; according to 
the Fresnel formulae, however, reflection increases with 
increasing k. 

Particles smaller than ~200 A are consistent with the extinc- 
tion observations of Ackerman et al, but so, it could be argued 
from Fig. 1, is a distribution of particle sizes, some smaller than 
~200 A, some several times larger. Indeed, it could even be 
argued that the extinction observations equally support the 
assertions that the particles are smaller than 200 A or that they 
have radii narrowly distributed around 700 A. 
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Fig. 1 Ratio of absorption cross-sections at 0.44 and 0.65 pm for 
haematite spheres of varying radius, 
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„The small values of both the single-scattering albedo and the 
asymmetry parameter reported by Ackerman et al. support the 
hypothesis that the particles are smaller than 200A. For 
example, a small.(« 1) asymmetry parameter is a particularly 

` good indicator of very small particles. As the size parameter is 
increased from values «1 to values = 1, the asymmetry parameter 
tapidly increases nearly monotonically from zero to about 0.7- 
0.9. We shall therefore continue our analysis under the assump- 
tion that simple Rayleigh theory is adequate. 

Ackerman et al. reported the single-scattering albedo wọ (ratio 
of scattering to extinction) at 0.44 um. From the definition of 
a» it follows that 


We ais (a? Qoca? 
(a° Qavs) 


where: Q.a is the normalized scattering cross-section and the 
brackets indicate averages over the size distribution. For 
sufficiently small particles Qua is given by 

m?— $1? 
m?’ +2 


1 — wp 
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Size distributions of particles condensed from meteor ablation 
calculated by Hunten et al.* are narrow. If we assume that such 
natrow distributions are applicable to the haematite particles 
under consideration here, the various moments (a”) of the size 
distribution may be approximated by K,,(a)", where K,, is not 
appreciably different from one. We therefore omit brackets from 
quantities, it being understood that x, for example, represents 
an average over the size distribution. 

The value wy. = 0.1 at 0.44 um measured by Ackerman et al. 
implies that x = 0.31 (this is somewhat larger than the strict 
validity of the Rayleigh approximation dictates, but not by so 
much that it gives large errors). In turn, this size parameter 
implies a particle radius of ~220 A 

` There is one other quantity, the asymmetry parameter g (mean 
cosine of the scattering angle), inferred by Ackerman et al. from 
their measurements. It may be shown from results in ref. 3 that 
to terms of order x° 


x? { 
g 15 Re 

If we use the value x =0.31 at A =0.44 ym inferred from the 

single-scattering albedo measurements, this gives an asymmetry 

parameter of 0.050, which agrees well with the value 0.060 
reported by Ackerman et al. 

Results obtained using Mie theory and the calculated size 

distributions of Hunten et al.*, which we shall report in more 

-detail.elsewhere, are consistent with our conclusions about the 

Size and composition of the particles observed by Ackerman 
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Fig.2 Degree of linear polarization acquired by initially unpolat~ 
ized light upon scattering by small (Rayleigh limit) spheres (=), 
randomly oriented disks (-----), and tandomly oriented needles 

(+++), The refractive index is 3.08 + 0.13. 


We have assumed spherical particles and have analysed thei 
optical properties using the Rayleigh approximation. If they ar 
nonspherical, but still sufficiently small to be treated adequatel 
by this approximation, the ratio of extinctions at the tw 
wavelengths will be even greater than it is for spherical particles 
Clues about the shape of small haematite particles may b 
obtained from polarization measurements. The degree of linear. 
polarization of light scattered by such particles depends strongly 
on their shape because the refractive index is so high. This 
shown in Fig. 2, where we have plotted the degree of polarization. 
as a function of scattering angle for three ensembles of smal 
haematite particles: spheres, randomly oriented disks and ran 
domly oriented needles. The wavelength of the incident unpolar. 
ized light was taken to be 0.65 jim; at 0.44 xm the polarizatio: 
curves are similar, although the maximum degree of polarizatio: 
(for needles and disks) is lower. 

We know of no other absorbing materials that, when in-th 
form of small particles, could give the measured 10-fold increas 
in extinction in going from 0.65 to 0.44 jm. Carbon is ruled ou! 
because the imaginary part of its refractive index does not vary 
much over the visible spectrum, From inspection of measured 
optical constants of magnetite (Fe,0,), we can rule out thi 
oxide of iron: k does not change sufficiently over the visibl 
spectrum. 

The measurements of k for haematite peak at about 0. 40 üm 
then drop sharply to rise again at ~0.34 ym. Measurements nea 
these two wavelengths would therefore provide further evidenc 
to consider in deciding if haematite is indeed the material o: 
which the dust particles observed by Ackerman et al. are com: 
posed. 

Neither the observations of Ackerman et al. nor the interpreta 
tions made here are without precedent. Iron oxide and silicat 
particles are thought | to form as a condensate of meteor ablation 
~ 1,000 particles cm”, of radius ~100 A, are expected at 60 km 
(ref. 4). Appreciable horizontal convergence of meteori 
material in the 55-75 km region is expected from simple genera 
circulation models®. Ionic iron in various oxides and hydrates 
has been detected at 65 km and above using mass spectrometry’ 
which supports the hypothesis of an extraterrestrial source, 
Finally, a surface source of haematite particles has been inferred 
from aircraft observations of transmitted solar radiation over. 
an Asian desert®. 

We thank Professor Donald Huffman for optical constants of: 
haematite, and Mr Timothy Nevitt for help with some computa: 
tions. 
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The Earth’s gravitational potential is usually expressed as a double 
nfinite series of spherical harmonics. In recent models’, derived 
‘from photographic, radio and laser observations of satellites, 
gravimetry and satellite altimetry, the harmonics have been evalu- 
ated up to a degree and an order of 36 or more, so that there are 
3296 or more coefficients to be evaluated. The geoid surfaces 
erived from such models have errors of approximately 1 m, but 
much better accuracy is required to take advantage of satellite 
Itimeter measurements accurate to 10cm or better. So there is 
ontinuing demand to improve the models. The accuracy of the 
individual coefficients is questionable, and difficult to estimate’. 
The most precise technique for determining coefficients of a par- 
icular order is by analysis of satellite orbits which experience 
resonance with the Earth’s gravitational field. We have recently“ 
e-evaluated individual harmonic coefficients of orders 15 and 30 
rom analyses of 24 orbits having a wide range of inclinations to 
he Equator. These coefficients have standard deviations equivalent 
o an accuracy in geoid height of 1 cm, for degree up to 23, and 
_are valuable as a standard against which the comprehensive gravity 
field models can be tested. 

A satellite orbit experiences resonance when the ground track 
zover the Earth repeats after an integral number of revolutions. 
‘The most useful resonance is 15th order, when the successive 

quator crossings are 24° apart in longitude and the tracks 
‘repeat each day after 15 revolutions. This resonance occurs when 
“the average height of the satellite is near 500 km. Many satellites 

sass through 1StH-order resonance as their orbits contract under 
he action of air drag, and, if the orbits are nearly circular, they 
may pass through the resonance slowly enough to ensure that 
he perturbations? due to harmonics of 15th order (and to a 
esser extent 30th order) build up to a magnitude that can be 
' measured and analysed’. The best satellites of this type, such 
as 1963-24B, 1971-54A and 1974-34A, have remained near reson- 
nce for 2 years or more’. Analysis of the changes in orbital 
nclination and eccentricity of such satellites can yield accurate 
‘alues for a ‘lumped harmonic’—a linear sum of individual 
armonic coefficients. When lumped harmonics are available 
or numerous satellites widely and evenly spread in inclination, 
t is possible to solve for the individual harmonic coefficients. 
We have used 24 such analyses, at inclinations between 31° and 
144°, to determine the individual 1S5th-order coefficients of 
egree 15, 16,..., 35. Eight of these 24 analyses also give good 
alues for lumped 30th-order harmonics of even degree, which 
have been successfully used to evaluate individual 30th-order 
coefficients of degree 30, 32,..., 40. 

To define the harmonic coefficients, we write the longitude- 
‘dependent part of the Earth’s the tele ge aa at an 

xterior point (r, 0, A) in normalized form'® 


pe J [RV z z 
se he () Pi" (cos OH Cim cos mA + Sin sin MA} Nim 


F fel mel 
where ris the distance from the Earth’s centre, @ the colatitude, 
A the longitude (positive to the east), u is the gravitational 
constant for the Earth (398,600 km? s™°), R is the Earth’s 
quatorial radius (6,378.1 km), P7(cos 6) is the associated 








Legendre function of order m and degree i, and Či and Sin 
eare the normalized tesseral harmonic coefficients to be evaluated. 
The normalizing factor Nim is given by 


im = 2(21 + 1)(1- m) +m)! 


In this notation, we have evaluated the Č and Š for m= 15 
with /= 15, 16,...,35; and for m= 30 with /= 30, 32,..., 40. 
Our method is similar to that described for a previous determina- 
tion of 15th-order coefficients", and consists of a simultaneous 
least-squares solution of (1) the equations for the lumped har- 
monics, and (2) constraint equations of the form Č, pS 
010° I°, and similarly for S,,,. There were also relaxations 
in the accuracies of some ill-fitting values of lumped harmonics, 
so as to ensure that the weighted residuals were <1.4. 

The new results are more reliable than before, because a gap 
in the coverage of inclination has been filled'’, and also more 
accurate because of the new data and revisions of previous 
analyses. Our new values for the 15th-order coefficients, with 
standard deviations, are given in Table 1, divided into odd and 
even degree, because the odd-degree values, derived from analy- 
sis of inclination, are generally more accurate than the even- 
degree values, derived from analysis of eccentricity. Also, as 
expected, the accuracy deteriorates as the degree of coefficients 
increases: further orbits at low inclinations are required to 
improve the high-degree values. 

For degree 15-23 the values in Table i have an average 
standard deviation of 1.2 107°, which is equivalent to about 
lcm in the accuracy of the geoid undulation due to [5th-order 
harmonics. These well-established values are the most useful 
for testing comprehensive models. 


Table 1 Values for [Sth-order coefficients 





i 10° Css 10° Si l 10° Cais 10° $115 
15 -20.740.5 ~6.5£0.4 16 -12.1423  -2L7215 
17 7340.8 2.40.7 I8 -42.441.7  —223£11 
19 =16.2+0.7  ~13.7+0.6 20 -23.522.0 -6.0415 
21 17.9 +0.6 10.8 +0.9 22 239+£2.0 10.2+1.6 
23 -20.641,3 10413 24 0443.6 22.1232 
25 -6.021.8 Li+21 26 —143£5.5 14.3453 
27 -4.6413 9842.4 28 -15.2+63 -8.446.3 
29 6.9414 -4.01.4 30  —3.1+6.7  —157+6.2 
310 18.4 42.4 ~4.943.4 32 9.2459 3.0+ 5.0 
3300-11428 8 6~-12.443.6 34 10.4 45.8 5.3449 
35 - 10.5440 4.2444 


Table 2 Comparison of our values with GEM 10B 








10° Enis 10° Sirs 
l Table | GEM 10B Table | GEM 10B 
15 ~20.7 19.7 ~6.5 ~6.4 
16 121 ~14d ~21.7 ~278 
17 7.3 2.5 2.4 4.8 
18 ~42.4 48.3 ~22.3 ~18.6 
19 ~16.2 ~20.6 ~ 13.7 -15.3 
20 ~23.5 ~23.9 6.0 48 
21 17.9 16.2 10.8 9.5 
22 23.9 24.1 10.2 ~13 
23 20.6 15.4 2.0 41 








Table 3 Four-coefficient solution for even-degree 30th-order 
harmonics, with GEM 10B for comparison 








10° C30 10° Sis0 
l Our values GEM 10B Qur values GEM 10B 
30 ~2,.6+1.0 ~§.2 8.6+0.6 HLI 
32 -8.32.7 ~0.6 3322.1 ~O.2 
34. —12.84%:3.2 ~119 8.82.5 1.2 
36 ~8.943.2 ~3.9 1342.6 ~0.9 














Previous comparisons of gravity field models? suggest that 
only the recent models are good enough for testing; of theses 
the Goddard Earth Model 10B (ref. 1) is believed to be quite 
independent of our values, but the 1981 model of Rapp’ and 
the European model GRIM 3 (ref. 3) use our earlier values and 
therefore do not provide a useful comparison. Table 2 gives our 
values for degree 15-23 and those from GEM 10B. 

The mean numerical difference between our values and GEM 
10B in Table 2 is 3.6 x 107°. As the mean standard deviation of 
our values is 1.2 107°, this crude but effective comparison 
suggests that, for order 15 and degree 15~23, the accuracy of 
GEM 10B is about 3 or 4x 107°, much better than is indicated 
by other evidence’. 

For the 30th-order coefficients, we have previously given only 
a tentative solution’’. Our new data are much better than before, 
and there is a 40% improvement in the standard deviations of 
the first three pairs of coefficients when we solve for six 
coefficients (degree 30, 32,..., 40). The average standard devi- 
ation of the coefficients of degree 30, 32 and 34 is 2.0x 107", 
which is equivalent to an uncertainty of 1.5 cm in the 30th-order 
contribution to the geoid profile. We also have a satisfactory 
solution for only four coefficients, up to degree 36, and GEM 
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10B, which ceases at degree 36, can most appropriately: be 
compared with this four-coefficient solution (see Table 3). 

The mean numerical difference between the eight GEM values 
and ours is 3.7xX10°°, while our mean standard deviation is 
2.2 x 107°. For 30th order, Rapp’s model uses our previous value: 
for the (30, 30) coefficients: for degree 32, 34,..., 40, his values 
differ from those of our six-coefficient solution by 4.2 «107? on 
average. GRIM 3 does not use our previous values, and, in the 
GRIM3-LI version’, the mean difference from our values in 
Table 3 is 4.3 x 10°. These comparisons are encouraging 
because the errors in all three models could be as low as 3 x 107” 
smaller than would be expected from statistical tests*. However 
as the mean numerical value of the 16 coefficients in Table 3 is 
only 5.6 x 107°, it could also be said that the values in the thre 
models do not much exceed their likely errors. 

The accuracy of these high-order coefficients clearly needs to 
be further improved, but Rapp’s study’ suggests that the main 
errors in geoid height arise from errors in the harmonics of ordet 
between 3 and 10. The values of these harmonics could, in 
principle, also be improved by analysing resonances of ord 
3-10; in practice, however, there are very few satellites in-orb 
suitable for such analyses. 
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Short period variations in the geomagnetic field components were 
recorded in a closely spaced network of sites on southern Eyre 
Peninsula, South Australia. They reveal the existence of a linear 
zone of very good electrical conductivity within the late Archaean— 
early Proterozoic Gawler Craton. There is strong enhancement of 
the horizontal component variations transverse to the zone and an 
abrupt phase change in the vertical component, particularly for 
periods near 2 x 10°s. These features are consistent with a line or 
narrow thin sheet of current flowing in a conductor at a depth 
<10 km; this almost certainly requires a major fracture or shear 
zone within the crystalline basement, for which there is supporting 
geophysical evidence. Superficial Cenozoic deposits blanket much 
of the area and consequently the basement geology is not known 
in detail, although there are structures parallel to the conductor 
20 km to the east. Identification of a major linear crustal feature 
in such an area demonstrates the usefulness of geomagnetic vari- 
ation studies for understanding deep geology. 

The feature was discovered during a study of the coast effect 
in South Australia’. In this effect the flow of induced electrical 
current in the highly conductive ocean produces large vertical 
magnetic field variations at the coast, and these are strongly 
correlated with the horizontal field variations perpendicular to 
the coast™*. A coastal profile in the south-east of South Australia 
showed a normal response pattern! but unpublished data from 
profiles on Eyre Peninsula showed strong disturbance of the 
coast effect. This prompted a detailed study with some of the 
stations only 5 km apart. 

Figure 1 shows the magnetometer sites and the regional 
geology of the area. Magnetometers were generally deployed 
“along NW-SE profiles; Fig. 2 shows magnetograms from the 
; profile closest to the coast. Variations in the north horizontal 








component (H) do not differ discernibly from station to station 
indeed, this is true over the whole study area. The east horizonta 
component (D) variations, while very similar in form from 
station to station, show amplitude enhancement by as much a 
a factor of 2 for station CB with respect to station PL. The 
enhancement is frequency-dependent, with a maximum effect 
at periods of ~2 x 10°s, but with almost no effect at the diurna 
period. In the vertical component (Z) the short period variation 
are strongly attenuated at station CB and there is a large phas 
change between stations to the north-west and these to th 
south-east. 

Similar effects are seen in magnetograms from stations alon 
the more northerly profiles, with a peak in the D compone 
enhancement and a ‘null’ in the Z component occurting clos 
to (but probably just east of) a line joining stations CB, BL, 
CU and BR. It is useful to compute transfer functions betwee 
Z (assumed to be caused wholly by induced telluric. currents 
and the normal, non-anomalous horizontal field. Previou 
observations on Eyre Peninsula showed that the D componen 
at PL is not enhanced, so that the horizontal field at this'statio 
was taken to be the reference normal field. Figure 3 shows: 
transfer functions for most stations in a vector form* fora 3,600-s. 
period. The direction of the in-phase arrows has been reversed 
so that they point towards, rather than away from, concentra 
tions of telluric current, and their length represents the ratio 9 
vertical to horizontal field variations. The coast effect is clearl 
being severely disrupted by what seems to be a relatively narro¥ 
and shallow line current flowing in a zone whose axis is indicated 
in Fig. 3. This is probably a case of current being channelle 
from the ocean into a zone whose total conductance compares: 
favourably with that of the seawater layer. Modelled as a simple 
buried line current, the maximum depth is estimated as 15 km, 
although it is probably considerably less. 

The remarkable aspect of this conducting zone is that in 
neither the relatively thin surface cover nor in the interpreted. 
basement geology, is there any real indication of a coincident. 
structure with which the zone might be associated. To the west 
are limited exposures of the late Archaean Sleaford complex 
partly overlain by basal units of the Hutchison Group metasedi- 
ments. To the east there is better exposure of the Hutchison and 
the Lincoln complex. The latter is thought to be composed of 
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granite intrusives and basement reworked by the Kimban 
orogeny (~1,820-1,580 Myr) which also caused intense defor- 
mation to the Hutchison Group®. This part of the Gawler Craton 
hich was severely affected by Kimban tectonism, is termed the 
Cleve sub-domain. The adjacent Coulta sub-domain is a major 
cratonic area comprising rocks of the Sleaford complex, and 
was much less affected by the orogeny”*. It seems probable that 
e conducting zone identifies the presently ill-defined: boundary 
between these two sub-domains. 
There is other geophysical evidence to support the idea of a 
major fracture or shear zone in the crust. There are several static 
agnetic anomalies closely parallel to the major structural 
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Fig. 1 Study area location show- 

ing magnetometer sites and general 

geology. Sites referred to in the text 

and Fig. 2 are indentified. (After 
ref. 5). 
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trends east of the conducting zone, but almost none to the west’. 
The Bouguer gravity’ and seismicity (Fig. 4) also show some 
correlation with the zone. Although the seismicity is relatively 
low, the earthquake epicentres are concentrated closer to the 
axis of the conducting zone than to the mapped faults. All of 
the earthquakes originate within the crust, most within the top 
12km. The mylonite zone, although of Kimban origin, was 
reactivated in the Tertiary when the block faulting commenced 
that caused the graben structures of the South Australian gulfs. 
It is significant that the present seismicity is not closely associ- 
ated with the mylonite zone but with an unidentified feature 
20km to the west. The Bouguer. gravity displays a prominent.” 
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7 AUGUST 1982 > 8 AUGUST 1982 => 
Fig. 2 Simultaneous magnetograms from selected stations (iden- 
tified in Fig. 1). The traces show the small variations occurring in 
the strengths of the horizontal north (H), horizontal east (D) and 
vertical. (Z) components of the geomagnetic field. Note the large 
change in phase and amplitude of the Z-component variations for 
stations above and below stations CB. 


fault-like: gradient. coincident with the southern half of the 
conducting zone. A simple analysis of this as a vertical fault 
gives a depth estimate of 6-8 km to the centre of the fault. The 
preliminary interpretation, therefore, is that the conductor lies 
within a major fracture or shear zone within the top 10-15 km 
of the crust. 

The conductive mechanism necessary to produce the geomag- 
netic variation anomaly is unknown. Numerous water bores, 
particularly in the southern part of the peninsula, show the cover 
to be <100 m thick and therefore localized conduction within 
surface sediments cannot explain the magnitude of the anomaly. 
Other workers have reported such shallow highly conducting 
zones which also produce enhancement of the horizontal 
field’'©. The North American Central Plains anomaly”'® is one 
‘such comparison that has been attributed to graphitic schists 

- within a Precambrian metamorphic belt and possibly associated 
with a Proterozoic plate boundary''. A graphitic schist near the 
base of the Hutchison Group outcrops a few kilometres west 
of the mylonite zone, and has been mined at two locations (Fig. 
1). However, we detect little significant effect on the geomagnetic 
variations in this region. The reappearance of this unit in the 
vicinity of the conducting zone is possible but it has not been 
reported, and it would aparently require more extensive 
graphitization to cause the observed effect. Nevertheless, a 
marked increase in conductivity is caused by even small amounts 
of graphite'’, whether within a metasedimentary schist or a shear 
zone, and it remains a possible candidate. The most probable 
mechanism is the occurrence of saline waters within a fracture 
orshear zone’®. The implications are that such a feature probably 


“would have to be several kilometres wide and extend deep into 
“©. the crust. This is quite plausible in the overall geological context 


ae and its’ discovery emphasizes the potential of the geomagnetic 
variation method in probing crystal geology. 
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Fig. 3. Transfer functions relating the vertical to. the horizonta 
field variations for a 3,600-s period. The direction is that of th 


horizontal field showing highest correlation with the vertical field 
In-phase arrows have been reversed. : 
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Fig. 4 Bouguer gravity and seismicity data for southern Eyre: 
Peninsula. All but three epicentres are located instrumental; 
About half of the locations have an uncertainty of +3 km, th 

remainder +10 km. Gravity contour interval, 5 mGal. ` 
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2,680-2,750-Myr old'* intrusive granite-greenstone ter- 
anes’ in the Rainy Lake region, Ontario, and in, and adjacent 
0, the Vermilion District, Minnesota, of the Superior Province in 
North America, include a wide variety of volcanic and intrusive 
rocks with initial Pb, Sr and Nd isotope ratios close to those for 
he mantle**°-"?, The isotopic constraints require the produc- 
ion of large volumes of silica-oversaturated magmas from silica- 
indersaturated mantle within 100-200 Myr. We present here 
eochemical data on monzodiorites and trachyandesites from the 
Rainy Lake area which are strongly enriched in large-ion-lithophile 
lements (LILE). We conclude that they are derived by direct 
nelting of the mantle at depths of <50 km in either anhydrous 
r hydrous conditions. Their rare-earth element (REE) abundances 
ind initial '?Nd/'“Nd ratios suggest that their mantle sources 
ere enriched in LILE shortly before melting. The monzodiorites— 
rachyandesites and their granodioritic derivatives may comprise 
ip to 20% of the exposed igneous rocks in the Rainy Lake region 
nd Vermilion District. If these rocks are as abundant in other 
rchaean terranes, a significant part of the early continental crust 
could have formed by direct melting of LILE-enriched mantle. 
-Rocks occurring as monzodiorites and andesites through 
rachyandesites in the Rainy Lake region form a suite of 
ogenetic rocks. They occur as volcanic units in the Keewatin 
cries, as intrusive and volcanic units in the Rocky Islet Bay 
mplex and as the major component of the Coutchiching 
yetasedimentary rocks. The more primitive members of the 
quence are silica-oversaturated with normative orthopyroxene 
sually greater than normative clinopyroxene, normative plagio- 
lase about Anso or less, Mg numbers of >0.60, high Ni and 
T contents, strong light rare earth element (REE) enrichment, 
savy REE abundances ~6—-12 times that in chondrites, and 
atively high K, Sr, Zr and Nb concentrations (Table 1, Fig. 
They could not have originated by contamination of basic 
lagma by felsic rocks because they have higher Ce/Yb ratios 
abundances than the exposed crustal rocks that could have 
gen the contaminants. 

This suite of rocks has major- and trace-element characteris- 
cs similar to the Miocene high-Mg andesites that are termed 
nukites in the Setouchi volcanic belt, Japan'*'*, and to high- 
ig andesites from the Archaean Welcome Well volcanic com- 
ex, Australia'*:'®. The high-Mg andesites from both areas have 
been. explained as being essentially primitive magmas derived 
by direct partial metling of the mantle'*-'®. Similar magma types 
occur in other intrusive granite~greenstone terranes throughout 





Present address: Carnegie Institution of Washington, Department of Terrestrial Magnetism, 
f Broad Branch Road, NW, Washington, DC 26015, USA. 





100 
50 4 
| 
20 4 
10) 
5 4 
J 
: 








OSom Calculated mantle source for basanitoids, alkali basalt 


and tholeiites 4 


$ 
f 


ia Type L-A iherzolites, Dreiser Weiher, Germany 
0.2 


aa Mt Noorat Iherzolite 2.700% 








Ol 





Ce Nd SmEuGd Dy Er Yb 


Fig. 1 Chondrite normalized rare earth element (REE) diagram 
showing: field of typical primitive monzodiorite and andesite from 
the Rainy Lake region (samples 5-80 and. 53-80 in Table 1): 
calculated light REE-enriched mantle sources for alkali basalts, 
basanitoids and tholeiites**’ ; pattern and field for LILE-enriched 
Iherzolites**°; estimated typical range for light-REE enriched 
mantle sources shown by vertical bars; and field for melts derived 
by 8% batch melting of the typical range for light-REE enriched 
mantle sources leaving 60% olivine, 30% orthopyroxene and 10% 
clinopyroxene in the residue. 


the world (Table 1). Their abundance, however, and that of 
their derivatives, is unknown. 

Sanukites are glassy andesites with olivine, clinopyroxene or 
orthopyroxene phenocrysts. Koto'’ used the term ‘sanukitoid’ 
to describe all textural modifications of consolidated sanukite 
magmas'*, We recommend that Archaean plutonic and volcanic 
rocks with the unique geochemical characteristics of sanukites, 
that is, silica-oversaturated melts with high Mg numbers, high 
Ni, Cr and LILE abundances, be considered as members of the 
sanukitoid suite. 

The most primitive sanukitoids from the Rainy Lake region 
and other greenstone belts plot close to the melt field for pyrolite 
on the olivine saturation surface in Fig. 2. Their high Ni contents 
(180-200 p.p.m.) compared with their Mg numbers (0.60-0.64) 
suggest that they have not undergone extensive fractional crys- 
tallization and that they are derived from primary melts lying 
close to or in the melt field just above the 1,200 °C isotherm for 
l-bar pressure in Fig. 2. The field of the most primitive Archaean 
sanukitoids in Fig. 2 is nearly identical to the fields for the 
Setouchi volcanic belt, Japan", and for experimentally derived 
silica-oversaturated liquids formed by melting in both hydrous 
and anhydrous conditions at low pressures”, 

Experimental studies are consistent with a direct mantle deri- 
vation for silica-oversaturated melts at pressures of <5 kbar and 
at temperatures of ~1,150-1,250°C in anhydrous condi- 
tions'?'?, Melting in hydrous conditions results in silica-over- 
saturated melts at higher. pressures”*. The common occurrence 
of amphibole in Archaean sanukitoid rocks suggests that their 
parent melts may have been hydrous, although water may have 
been introduced at crustal levels. 

Figure | and Table | show the light REE, Sr, Zr and Nb 
enrichment characteristic of the Archaean monzodiorites and 
trachyandesites. Compared with the Miocene sanukitoids,’the 














Table 1 Comparison of andesites, trachyandesites and monzodiorites from various Archaean greenstone belts with a Setouchi high-Mg andesite and a melt derived 
anhydrous partial melting of a þarent of pyrolite composition at 2kbar € 















Mg numbers are calculated using total Fe as Fe”*, Equilibrium olivine compositions were calculated by the method of Langmuir and Hanson”? using the relat 
olivine-melt K% given by Ford et al’® for anhydrous experiment at | atmosphere. 








Rainy Rainy Rainy Vermilion Jack- Suomus- Welcome Marda Que Setou Jaque 
Upper Lake Lake Lake district Lake salmi Well Complex Que chi Green 
Archaean Ontario Ontario Ontario Minnesota Ontario Finland Australia Australia Zimbabwe Japan 1,200:% 
crust 5-80 53-80 41-66 B-18 F126 SU10 wWI3i i Rh73155 TK-52 2kbar 
A B Cc D E F G H if J K Le 
Sid, 57.4 54.55 55.93 58.0 54.6 56.35 52.90 53.01 55.27 57.62 56.40 53.0: 
TIO, 0.9 0.72 0.81 0.71 0.73 0.67 0.73 0.76 0.27 0.56 0.64 6 
ALO; 15.6 14.38 14.78 14.3 15.1 15.93 W311 17.70 14.71 15.97 15.60 13.3) 
FeO, ~ 8.56 8.73 2.16 3.04 ~ 8.35 7.28 1.95 1.33 3.20 
FeO 9.5 —_ = 5.02 4.40 6.74 ~ oe 6.41 4.68 2.88 
MnO ~ 0.12 0.14 Ou 0.14 0.12 0.16 0.10 0.14 0.08 OL ; 
MgO 5.2 7.98 6.72 5,99 6.40 6.29 9.47 5.99 6.06 6.23 8.35 10:5 
CaO 73 8.71 7.57 5.96 7.42 7.97 8.82 9.64 7.78 1.41 6.38 
Na,O 31 2.87 3.38 3.61 4.27 3.82 1,63 4.92 2.94 3.51 2.99 
K,0 0.9 1.34 1.73 2.43 2.22 1.74 2.15 0.49 1.21 0.43 1.73 
PLO, — 0.36 0.30 0.35 0.34 0.37 0.46 0.36 0.17 01 0.17 
Total 99.9 99.59 100.09 98.64 98.66 100.00 97.78 100.25 96.91 97.92 98.45 100.00 
Cr 140 469 429 291 _ ~ 110 67 299 156 488 
Ni 90 188 163 159 _ 108 140 147 205 105 181 
Sr 300 627 650 1164 1237 1413 390 1350 293 m — 
Zr 100 138 167 140 -— 53 115 115 135 
Nb 5 7.0 9.2 7.3 —_ 2 = 5.9 
Ce 26.8 64.7 72.7 86.4 94.6 69. 83.7 63 57 24.6 35,7 
Nd 13.0 33.4 34.7 42.4 44.0 — 44.5 33 22 12.0 _ 
“Sm: 2.78 6:39 6.20 7.23 8.15 — 8.13 _ 3.7 2.54 3.22 
iA o RRUAN 0.9 1.64 1.77 1.77 2.12 _ 2.16 ~ 1.14 0.81 0.94 
Gd 2.85 5.10 3.36 4.85 6.37 — 6.10 ~ 3.7 2.23 — 
“Dy © : 2.93 4.44 3.51 3.47 4.04 — 3.85 _ 2.8 1.95 _ 
Er tee 181 2.50 1.80 1.79 1.97 _~ 1.85 m= 1.69 1,18 — 
-E Yb 1.79 231 1.61 1.64 1.92 —_ 1.65 = 1.57 LH 1.89 
“Mg no. 0.65 0:60 0.61 0.62 0.62 0.69 0.62 0.57 0.65 0.72 ; 
Liguidus temperature (°C) 1,238 1,223 1,240 1,235 1,213 1,269 1,294 1,195 1211 1,286 1,284. 
Equil. Ol. 85.4 $3.0 83.5 84.6 84.6 87.6 80.3 80.3 85.7 89.4 87.5. 








A, Average Archaean upper crust”. B, Monzodiorite, Rocky Islet Bay Complex, Sandpoint I, Rainy Lake. C, Medium-K, basic, cale-alkaline andesite, Keewat 
volcanics, Rainy Lake. D, Monzodiorite, Ottertail Lake pluton, Rainy Lake. E, Trachyandesite of Newton Lake Fm, Table 2 of ref. 31. F, Diorite dyke, Jackfish ; 
plutonic complex, Wabigoon belt’, Table 4a of ref. 30. G, Fine-grained alkali basalt sample 863°", Table 2 of ref. 38. H, Porphyritic basalt-andesite’™®, Table To 
16. 1, Fine-grained basaltic andesite. Major element analysis, Table H of ref. 39; trace elements”, Table i of ref. 40. J, Andesite of Maliyama Fm, Table 2A of ré 
K; High-Mg andesite from Setouchi volcanic zone, SW Japan, Table 1 of ref. 14. L, Experimental melt of parent of pyrolite composition, Table 4 of ref. 19. 


-Archaean suites are more light REE enriched, but both have 
“variability in their light. REE enrichment and overall REE 
abundances. 

Both the extent of enrichment and the relative enrichment of 
the various LILE in the sanukitoids must be explained. If the 
mantle source had a flat REE pattern and olivine, orthopyroxene 
and clinopyroxene were the principal phases in the residue, the 
light-REE enriched patterns for these rocks could have been 
produced only if the extent of melting were < ~0.2% (ref. 24). 
Slightly higher extents of melting would have produced melts 
with similarly high light REE abundances, but the melts would 
not have had the proper relative enrichments. The presence of 
amphibole or garnet in the residue would help to achieve the 
appropriate relative enrichments at higher percentages of melt- 
ing, but the high abundance of light REE require equally low 
extents of melting if the mantle had a flat REE pattern. Such 
small fractions of melt may have difficulty leaving their mantle 
source?*-?”, 

The mantle source for the sanukitoids was probably enriched 
in LILE. However, the initial '*7Nd/'**Nd ratios”* indicate that 
this enrichment could not have occurred more than ~100- 
200 Myr before melting. The enrichment of the source could be 
due to the injection of a small fraction of LILE-enriched magma 
or metasomatic fluids just before melting. 

Figure | includes REE patterns for LILE-enriched mantle 

- based on proposed mantle sources for alkali basalts, basanites 
and tholeiites and actual REE patterns for lherzolites enriched 
in LILE by metasomatism. Between 5 and 10% melting of such 
mantle, leaving olivine, orthopyroxene and clinopyroxene in the 
residue, leads to melts with REE patterns similar to that of the 
Archaean sanukitoids. 

In this region of the Superior Province, the more primitive 
sanukitoids are associated with greater volumes™® of evolved 

uartz monzodiorites, granodiorites and monzogranites: for 





example, the Ottertail Lake pluton” and Jackfish Lake pluton’ 
complex?™* in the Rainy Lake region and the Farm Lake faci 
of the Giants Range granite*' in northeastern Minnesota. Maje 
and trace element chemistry suggest they may be differentiat 
or partial melts of sanukitoid parents in which clinopyroxe 
and amphibole would be early minerals to crystallize or wou 
be residual minerals during melting. These phases are silic 
undersaturated relative to their parents and experimental 
evidence?" shows that they are especially effective for drivin: 
derivative liquids to greater silica oversaturation. i 

Miocene sanukitoids seem to be restricted to island arc 
regimes where the melting is presumably hydrous, the wat 
being derived from the subducting slab. While the Archaean 
melts may have developed in island arc settings, itis not required 
because sanukitoid melts can form in both hydrous and anh 
drous conditions. Production of silica-oversaturated, mantl 
derived melts might have been more common in Archaean, Thi 
presumably higher heat content of the mantle might ha 
allowed melting of the mantle at shallow depths under a ran 
of tectonic settings. Even in the same terrane, the melts cou 
have had similar trace and major element characteristics: with 
variable degrees of silica oversaturation or undersaturatior 
depending on the conditions of melting. If water were prese 
during melting, the melts would have been more silica oversat 
ated. If the melting were dry or in the presence of carbon dioxid 
the melts would have been more silica undersaturated. If the 
melting were deeper, this would favour less silica oversaturation 
or silica. undersaturation. 

The abundance of sanukitoid rocks and their derivatives 1 
other Archaean terranes is unclear. Because they have composi 
tion similar to that of the average upper continental crust (Tabl 
1), potentially a significant part of the early continental crus 
could have. been derived directly by shallow melting of LIL 
enriched mantle. Ee 
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Fig.2 MgO-FeO diagram for Archaean sanukitoid rocks com- 
pared with the melt field for pyrolite** at | atm with liquid lines 
«of descent for olivine fractionation marked at 5% intervals’, 

The shaded field encloses the Setouchi volcanic zone sanukitoids"*. 
. The most primary sanukitoids from the Rainy Lake region (solid 
symbols) and the other Archaean terranes given in Table I plot in 
the plain field. W, The experimental run of Jaques and Green’? 
given in Table 1. Letters near the points match the analyses in 
Tabie |. The lower left part of the plain field encloses more evolved 
rocks from the Rainy Lake region and other areas in the Superior 
Province”?! 
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Simplifying simple epidemic models 
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Interest has recently revived in the use of simple models for 
epidemic diseases. In particular, Anderson et al,' have introduced 
an improved simple differential equation model for diseases such 
as fox rabies which regulate the population density of their host. 
Here I describe how such apparently simple models can be dissected 
into their basic components. This dissection facilitates a structural 
sensitivity analysis in which we explore the dependence of features 
of a model’s behaviour on the assumptions regarding each com- 
ponent. I report that particular features can be related to particular 
components, for example, oscillations depend mainly on population 
growth and the generation gap of the disease, while estimates of 
the effect of potential control strategies such as vaccination or 
culling can be related directly to assumptions concerning the 
infection term and the way it changes with population density. 
Some features, for example, the level of prevalence of the disease 
and the period of any oscillations, turn out to be robust, depending 
mainly on basic ecological parameters. Others, including the 
crucial estimates regarding control, prove very sensitive to the 
details of the model. This is unfortunate, as the detailed form of 
the components is to a large extent chosen, not for ecological 
reasons, but to keep models simple, for example, the infectious 
period of a disease is often assumed to have an exponential 
distribution because this implies a constant death or recovery rate 
for infectious individuals which is mathematically very convenient 
for a continuous-time model. Because our dissection is in terms 
of components with straightforward ecological interpretations, any 
required improvements in modelling can be related to observational 
evidence which either exists or for which experiments can be 
suggested”, 

The three basic components essential for modelling the 
endemic state of a host-regulating disease are: (1) the population 
growth term, describing the population dynamics in the absence 
of disease; (2) the infection term, describing the infectious 
contacts made by a diseased individual; and (3) the ‘generation 
gap’ of the disease, that is, the time interval between an 
individual’s becoming infected and his passing on the disease. 
The model presented by Anderson et al.' for fox rabies is about 
as simple as a complete model incorporating all three com- 
ponents can be, but it nevertheless consists of a set of three 
differential equations in which the relationships between 
individual components and the model’s behaviour are not easy 
to discern. These equations, slightly simplified, for the densities 
of susceptible (X), incubating (I) and infectious (Y) 
individuals, are: 


aX [at = pX ~ BXY 
al/at= BXY ~ol (1) 
dY/at=al-—aY 


where 8, o and a are constants. In this model, pX defines the 
population growth term, BXY the infection term, and of and 
aY the distribution of the generation gap. The per capita net 
growth rate p may be density-dependent; usually it is reasonable 
to assume that it decreases with density, from a value r in 
low-density populations to zero at the carrying capacity K of 
the habitat. ` 














“A number of such complete models, including a difference 
equation alternative, with time step equal to the mean generation 
gap, are analysed in work described elsewhere”. Here | shall 
concentrate on the results and understanding that can be 
obtained by considering the basic components on their own. 

First I shall discuss the infection term in isolation, showing 
how conclusions on control depend directly on assumptions 
concerning this term. It is common in simple epidemic models 
for the infection term to be specified in terms of the overall rate 
at which infectious contacts occur; for example, the infection 
rate is commonly assumed to have a multiplicative form, BXY, 
as in equation (1). However, a better understanding is achieved 
if we work in terms of the mean number of potentially infectious 
contacts made by an infectious individual, Ry (often called the 
‘basic reproductive rate’ of the epidemic, although ‘ratio’ would 
be more accurate). In most cases it is reasonable to assume (i) 
that Ry does not depend on the density of infectives Y, so that 
the overall contact rate is (Ro/ 72) Y, where r, denotes the mean 
infectious period [7, = 1/a@ in the model of equation (1)]. If we 
also assume (ii) that a proportion X/N of such contacts are 
successful, as will be the case if a population of density N mixes 
homogeneously (here N = X +I + Y), the mean number of suc- 
cessful infectious contacts (the ‘effective reproductive ratio’) 
will be R= R,X/N. The overall infection rate will then be 
ERI TYY = BXY, where B = Ro/( Nr). 

“If, as is conventional’*, we make the further assumption 
(iii) that B is a constant, we are effectively assuming that Ry is 
proportional to the population density N. An immediate con- 
sequence of this assumption is that a control policy, whether 
by vaccination or culling, will eliminate the disease if and only 
if the susceptible population is kept at or below the threshold 
population density Ky defined by Rọ= 1, that is, Kr = 1/(Br;) 
(refs 1, 2, 5). However, there are few diseases for which the 
assumption is quantitatively plausible. In many cases, and 
especially among territorial animals such as foxes, it seems 
reasonable to assume that Ry will rise more slowly than linearly 
with population density. (Ry would rise linearly with population 
density if the area over which an animal ranges were independent 
of density, while on a strict territorial model, Rọ could be 
independent of N. It seems reasonable to conjecture that the 
truth lies somewhere between: that is, that Ro rises with N, but 
more slowly than linearly.) This has favourable implications for 
a vaccination control strategy, because the criterion for elimina- 
tion of the disease is that the proportion unvaccinated should 
be less than 1/ Rp, and this can be met in habitats of greater 
carrying capacity if Ro rises more slowly with density. 

When we consider culling, the basic threshold result still 
holds: we need to achieve Rọ <1, and if we make the conven- 
tional assumption of a BXY infection term, with 6 constant, 
the conclusion is that we must reduce the population density 
to below the threshold carrying capacity Kr. Our analysis in 
terms of model components here has an advantage of a rather 
negative kind. By revealing that control depends on a single 
easily understood ecological parameter, Ry, our analysis makes 
it much easier to appreciate that our model on its own is 
inadequate for a consideration of culling: we cannot expect a 
population held down to density Ky by culling to behave like 
a natural population at the same density. Indeed, how it does 
behave will depend on the culling strategy. There is evidence 
that a strategy which disrupts the social pattern can be counter- 
productive (Ross, reported in ref. 3), increasing Ro even as it 
reduces the population density. On the other hand, a relatively 
modest culling strategy might succeed if aimed selectively at the 
types of individual who make most contacts. 

Second, I shall discuss some aspects. which depend principally 
on the population growth and generation gap terms. In endemic 
equilibrium the net growth rate pX must be equal to the infection 
rate [BX Y in equation (1)], which in turn must equal the turnover 
rates of the incubating and infectious classes, I/ t; and Y/7, 
respectively [here r, is the mean incubation period, which equals 
z Ifo for equation (1)]. Hence, in equilibrium the ‘level of preva- 

‘dence’, defined as (F+ Y)/X, will be equal to p(7,+7,). For 






strongly sidenic areas we may take p= r;also t + Tis s approx 
mately (for some simple models exactly” ) equal to the mea 
generation gap 7. Hence, the level of prevalence should b 
approximately equal to pr, and thus vary from zero in nea 
threshold habitats up to rr in areas where the disease holds th 
population down well below the carrying capacity. This simpl 
argument does not depend on the detailed form of any of ou: 
three epidemic model components (it is sensitive, though, to: 
spatial heterogeneity’). 

The period of any. oscillations about equilibrium also seem: 
to be insensitive to the detailed form of the population growt 
and generation gap terms, being approximately equal 
2aJ(r/p) for models with widely varying details’. (It doe: 
however, depend on the relationship between Ra and the pop! 
lation density: if this is less than linear, as suggested abovi 
the period would be somewhat longer.) On the other han 
the stability of oscillations is found to be very sensitive to th 
form of both terms: a net population growth rate which fal 
steadily as the population density rises (for example, linearly’), 
and a generation gap with considerable variation [for exampl 
a sum of two exponentials, as in equation (1)], are both con 
ducive to stability. Other factors will also affect stability, fo 
instance, seasonal and stochastic variation (both probabl 
destabilizing’*®) and local rather than homogeneous mixin; 
(probably stabilizing®), 

Although ostensibly restricted to host-regulating diseases, th 
analysis presented here, especially the discussion of contro 
will have wider applications to models incorporating simil: 
components. For example, in endemic equilibrium we mu 
still have R=1, and hence X = N/R, if we still assum 
homogeneous mixing (assumption (ii) in the discussion of th 
infection term). Thus, in a non-fatal disease such as measle 
where N and hence Ry will be unchanged, the equilibriu: 
proportion of susceptibles will also be unchanged. Our approac 
makes it clear that this result is not related to the dependence 
of Ry on N, but depends only on the success probability « 
contacts remaining the same before and after vaccination. 
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Here we report the discovery of a new species of cold-tolerant 
midge (Chironomidae, Diamesa Meigen sp.) in a high-altitude 
glacier of the Nepal Himalayas. The adult insect, characterized 
by reduced wings and antennae (Fig. 1a), is unable to fly, and is 
found walking on the surface of the glacier and in small cavities. 
beneath it. The larvae grow in melt-water drainage channels under 
the ice and feed on blue-green algae and bacteria. The insect is 
the first to be found which spends its entire life cycle in the snow 
and ice of a glacier—the coldest insect habitat ever recorded’. 
The insect was active at temperatures as low as ~ 16 °C, well below 
those at which activity has been seen in insects Hing in other cold 
habitats, including Antarctic ones. The study also reveals a pre- 
viously unsuspected ecosystem based on the algae and bacteria 
growing on glacial ice. 















Fig. 1 a, Adults of Diamesa sp. Left, female; right, male. b, Larva 


of Diamesa sp. 
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Fig.2 a, Map of the Langtang region, showing the location of the 
¿Yala glacier. b, Outline map of the Yala glacier {5,100-5,600 m 
; altitude), 






















Fig. 3 Section of an under-snow melt-water drainage channel of 
the ablation area of the glacier (along the dotted line). 


Research was done at the Yala glacier (5,100-5,600 m alti- 
tude) in the Langtang region of Nepal between 14 September 
and 24 October 1982, from the end of the monsoon season to 
the beginning of winter. The Yala glacier is a clean mountain 
glacier, without debris, and has many flat terraced plateaus 
divided by ice cliffs and crevasses (Fig. 2}. The study was 
concentrated on three of these plateaus, termed P1, P2 and P3 
(5,130 m, 5,200 m and 5,400 m altitude, respectively), at a season 
when each was covered with snow (0.1-1.0m on P1, 1.0-2.0 m 
on P2 and >3m on P3) and had many tunnel-like melt-water 
drainage channels running along the boundary of the glacial 
ice and the snow cover (Fig. 3). 

The only insect found on the Yala glacier was the previously 
unknown midge Diamesa Meigen sp. The main habitats of the 
insect are melt-water drainage channels and small cavities in 
the snow and ice, In the daytime, many adults were seen walking 
on the surface of the snow when the Sun was shining, but they 
would quickly disappear when it became overcast, going down 
through the snow to the surface of the glacier ice (ablation 
surface). 

Larvae (Fig. 15) were found living in the melt-water drainage 
channels running along the ablation surface of Pi and P2. The 
ablation surface in this part of the glacier contained many 
characteristic small pits, each with small mud-like granules 
(0.1-2.0 mm in diameter) at their bottoms. At the bases of the 
melt-water drainages on P1 and P2, the pits were often as much 
as 10cm wide and 30cm deep and housed large numbers of 
larvae and granules. Microscopic observation revealed that the 
main components of the granules were living micro-plants such 
as aquatic blue-green algae (Phormidium sp.) and bacteria’. 
Dissection of the intestines of many larvae revealed that they 
were feeding on these granules. l 

Almost all the adults observed on the snow surface were 
females: 1,008 individuals out of a total of 1,012 (99.6%). Most 
adult males, and all copulating pairs, were found on the ablation 
surface beneath the snow. It thus seems that males spend vir- 
tually their entire lives beneath the snow surface. In contrast, 
adult females were commonly found on the surface and 
appeared to be able to orient by means of a Sun compass. They 
normally walked in straight lines, the direction of which could 
be altered by changing the apparent position of the Sun with a 
hand mirror. A similar phenomenon is seen in a Japanese 
wingless stone-fly, Eocapnia nivalis’. 

Diamesa lives at remarkably low temperatures. Figure 4 shows 
the diel change in air and snow temperatures and the activity 
of adult insects recorded on Pt from T4 to 15 October 1982. 
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Fig. 4. Diel change in air and snow temperatures and activity of adult insects recorded at P1 on 14-15 October 1982. O --(, Air temperatur 
0-0, temperature of the snow surface; A~A, temperature of the ablation surface under 10 cm snow cover 
~ (recorded by K. Takahara). Weather symbols: ©, very fine (less than 20% of the sky covered with clouds); ©, fine (20-70% of the sky covered 

with clouds). 


- ((80-cm above the snow surface); 





Activity was observed during the day time when the snow surface 
temperature ranged from 0.0 °C to ~7.2 °C and the temperature 
of the ablation surface (10 cm under the snow), where all the 
adults were at night, ranged from 0.0 °C to —12.8 °C. 

Adults of the species have a unique and remarkable ability 
to. move and function at very low temperatures. Adults were 
captured with an insect aspirator and placed in plastic cups 
which were transported to P3 where they were kept on the snow 
in a small snow house in order to observe their activity free 
from any warming from the Sun. The lowest temperature at 
which adult activity was recorded was —16°C (at 0600 h, before 
sunrise on .29 September). The insects were at first inactive in 
the darkness, but started to. move and walk-slowly when illumi- 
nated by an electric torch. The same response was often recorded 
at night (1900-2200:h) at temperatures ranging from ~10°C to 
14°C. In view of the fact that temperatures in this range 
normally cause cold stupor, even in Antarctic insects®®, this 
finding is amazing. In contrast. to their strong cold tolerance, 
adults of the species were very sensitive to a temperature as 
high as that of the human hand. When placed on a human palm, 
they became hyperactive for a few seconds, but were paralysed 
within about 20s; when returned to the snow surface, they 
recovered and began to walk again. 

¿Many insects adapted to cold environments have been 
reported from the Arctic and Antarctic regions" but there has 
‘been no record of any species which exhibits normal adult 
activity and larval development in such a cold environment as 
Diamesa does on the Yala glacier. For example, Belgica antare- 
tica, an apterous chironomid living in the Antarctic Peninsula, 
is the southernmost free-living holometabolous insect, but adult 
activity and larval growth is seen on the ground only after the 
disappearance of snow in the austral summer when the air 
temperature ranges from —3 °C to +10°C. 

Head capsule widths of the Diamesa sp. larvae collected from 
22 to 28 September show a uni-modal distribution (mean = 
0,36 mm, range 0.30-0.42 mm, n = 88), indicating that the insect 
has. at least one generation per year. Emergence of pupae and 
adults was observed during the entire study period (18 Septem- 
ber=24 October), but the number of larvae and pupae decreased 
with the advancing season; no larvae and only a few pupae 
; were found. with many pupal exuviae. on 19 October. This 
“indicates that: almost all larvae reached the last:instar at the end 





























of September and completed metamorphosis by the end ‘of 
October. It seems unlikely that the final instar larvae overwinte i 
in the drainage channels as do other chironomid species. 

The lifespan of adult females of this species is exceptionally 
long for a chironomid (at least 1 month). 100 adults were 
without food in plastic cups on the snow on P1 and in the sno 
houses on P3 for 35 days from 19 September to 24 October. Ou 
of 50 females, 46 remained alive but all 50 males died. Dissecti: 
of the captive females.and the field specimens collected at the 
end of October showed that they still contained-immature eges 
and well developed fat bodies even though winter. was just 
beginning. This strongly suggests that females overwinter in the 
adult stage after migration over the snow surface. That fem 
could survive without food and the fact that field-collected adults 
had empty intestines indicates that this species does not fe 
in the adult stage. This is an exceptional life cycle for a 
chironomid, most of which have a very short adult period and 
overwinter in their larval stage. However, for an insect living 
on moving glacial ice on which the distribution of melt-water 
drainages changes annually, it may be a better strategy to over- 
winter in the adult state and oviposit the next spring in.a well 
established drainage channel, because the pattern of the spring 
water flow cannot be predicted at the beginning of the previous 
winter. 
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of multipotential stem cell 
clones from src-infected cultures 
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A molecular recombinant of Rous sarcoma virus and murine 
aniphotropic leukaemia virus, src(MoMuLYV), where the avian src 
mcogene has been placed under the influence of a murine virus 
romoter sequence, has been reported’. Infection of long-term 
marrow cultures” with this virus led to a dramatic change in the 
elative numbers of stem cells, granulocyte-macrophage pro- 
genitor cells and mature cells found in normal haematopoietic cell 
development”. However, although the balance between self- 
newal, differentiation and development was disturbed, injection 
of the cultured cells into irradiated syngeneic recipients did not 
lead to the development of leukaemia. Thus, although the control 
had been ‘loosened’, the host regulatory mechanisms were sufficient 
o impose a restraint on unlimited growth of the cells. We now 
show that the stem cells from the src-infected cultures show a 
‘emarkably. increased capacity for self-renewal in vitro in situ- 
ations which are inimical to the maintenance of self-renewal in 
ormal uninfected stem cells and that self-renewal/differentiation 
in be modified by the culture conditions. 

We have reported previously that stem cells (CFU-S) from 
src (MoMuLV)-infected long-term marrow cultures, unlike nor- 
nal CFU-S**, possess an ability to undergo a sustained serial 
ransfer in vivo’. This indicated that the self-renewal probability 
f the stem cells had been altered in some way. Self-renewal of 
tem cells from the src (MoMuLV)-infected and from control 
long-term cultures has now been tested by their ability to trans- 
_plant serially in vitro on the microenvironment provided by the 
dherent layer of long-term marrow cultures (Table 1). In agree- 
“ment with previous studies’°, CFU-S from control long-term 
ultures possess a low self-renewal capacity and rapidly decline 
when serially transferred in vitro. CFU-S from the src 
(MoMuLV)-infected cultures, on the other hand, can readily be 
maintained over several in vitro transfers. The stem cells (CFU~ 
$) produced in this serial transfer system are apparently ‘normal’ 
in-that they produce spleen colonies containing all the different 
cells of the myeloid lineages; they can protect mice from the 
effects of potentially lethal radiation; the reconstituted mice do 
ot develop a leukaemia, although a slight anaemia (haematocrit 
‘~37) is quite common. In the serially transferred cultures, 
_ granulocyte~macrophage progenitor cells (GM-CFC) are also 
eing produced but there has been an alteration in the ratio of 
‘FU-S:GM-CFC. from about 1:3 in the original sre 
MoMuLV)-infected cultures to between 1:22 and 1:53 in the 
erially transferred cultures. This supports our previous sugges- 
jon’ that the developmental ‘block’ seen in the original infected 
ultures is due to a progressive transformation of the adherent 
Stromal) cells—an effect which is abrogated when the 
haematopoietic cells are transferred to a new environment. 
However, the increased capacity for self-renewal of stem cells 
pon. serial transfer in vitro suggests further that the CFU-S 
rom the sre (MoMuLV)-infected cultures have undergone some 
ntrinsic change in self-renewal ability. In these serially transfer- 
ed cultures, there is production of infectious virus and 
xpression of high levels of src kinase activity’, However, 
vhether the increased self-renewal of stem cells is due directly 
o infection of these cells with the src (MoMuLV) and expression 
of kinase activity has been difficult to determine because of the 
_relatively low numbers of stem cells and the presence of stromal 
cells, which may be the true target cells for infection, production 
ind expression of virus. 
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Serial transfer of src (MoMuLYV)-infected and control cultured 





Table 1 
stem cells onto irradiated marrow stroma 
Ratio 
CFU-S CFU-S GM-CFC CFU-S: 
transferred recovered recovered GM-CFC 
Control 
Original (180) — (3,400) (1:19) 
Passage | 1,500 150 2,800 1:19 
2 150 <20 <100 ~1:5 
3 <20 0 —_ a 
sre (MoMuLV) 
Original (2,500) — (8,500) (1:3) 
Passage | 1,750 1,287 47,619 1:37 
2 644 1,480 63,640 1:43 
3 740 368 8,096 1:22 
4 184 190 10,830 1:27 
5 95 156 8,268 1:53 





Long-term bone marrow cultures from adult B6D2F, mice were 
established and infected with 1-2 10* focus-forming units of sre 
(MoMuLV), 5-8 weeks after the start of the cultures, as previously 
described*. The cultures were maintained on a weekly demi-depopula- 
tion feeding regime in Fischer's medium (Gibco) containing 20% (v: v} 
horse serum (Flow) and 107°% M (final concentration) of hydrocortisone 
sodium succinate and maintained at 33°C (ref. 2). After 24 weeks of 
culture, the supernatant ceils from control and from src (MoMuLV)- 
infected cultures were removed, counted and assayed for CFU-S and 
GM-CFC as previously described’. These data are shown as the numbers 
of stem cells and GM~-CFC present in the original culture shown. To 
assay for CFU-S, between 2x10? and 10° cells were injected 
intravenously into syngeneic mice that had received 15 Gy of radiation 
from a Co source. Spleen colonies were counted 9-11 days later. 
GM-CFC were assayed by plating 10°~10° cells per mi in soft-agar gels 
containing WEHI-3 cell conditioned medium as a source of CSF (refs 
1,9). At the time of assay of the original cultures for CFU~S and 
GM-—CFC, aliquots of the supernatant cells were inoculated into culture 
flasks containing a previously established normal marrow cell adherent 
layer. To do this, marrow cells were inoculated into culture flasks and 
allowed to form an adherent layer over 3 weeks of culture’. At this time 
they were subjected to 15 Gy y-radiation using a '*’Cs source. One day 
later, the growth medium (containing dead and dying haematopoietic 
cells) was removed and replaced with fresh medium. In these cultures, 
endogenous haematopoiesis is totally ablated by the radiation. These 
cultures were then used within | week as recipient adherent layers for 
the cultured control or src (MoMuLV)-infected cells. Thus, in the first 
passage of the control cells, the inoculated cells contained 1,500 CFU-S 
and in the first passage of the src( MoMuLV)-infected cells, 1,750 CFU-S 
were added to the irradiated adherent cell layer. The cultures were then 
maintained for 2 weeks on a weekly demi-depopulation feeding regime. 
After 3 weeks, the supernatant cells were collected and assayed for 
CFU-S and GM-CFC (total recovered per flask) and the results 
expressed as a ratio. The cells were also transferred onto fresh irradiated 
adherent cell layers, established precisely as described above, and the 
procedure repeated at 3-weekly intervals (passages 1-5). Because the 
cultures had been fed for 2 weeks before the assay and transfer point, 
the data shown in the table are an underestimate of the total cumulative 
CFU-S and GM-CFC produced in the cultures throughout each suc- 
cessive transfer. On several occasions, cells from the primary src 
(MoMuLV)-infected cultures and from the serially transferred cultures 
were tested for their leukaemic potential. Recipient mice were subjected 
to potentially lethal radiation and injected with 5 x 10° to $x 10° ceils. 
These animals showed complete haematopoietic regeneration. There 
were a total of 56 mice in this study; none has developed a leukaemia, 
and the longest-lived survivor is now 14 months past reconstitution. 


To test this, we investigated the capacity of the src 
(MoMuLYV)-infected cells to undergo extended self-renewal in 
the absence of the stromal cells normally required for 
haematopoiesis in vitro", We have serially transferred 
colonies developing in soft-gel media using both the GM—CFC 
assay (which is ‘biased’ towards detection of granulocyte/ma- 
crophage progenitors) and the CFC-mix (mixed colony-forming 
cells) assay which facilitates the clonogenic growth of multi- 
potential cells''“'"—at least some of which are equivalent to the 
in vivo assayed CFU-S (ref. 11). Because of the importance of 














able 2 Serial transfer of control and sre ( MoMuLvV)-infected cells in 


a ‘GM-CFC’ assay 





Cumulative 
No. of No. of total 
Transfer colonies Stimulus colonies colony 
number transferred used recovered increase 
Control 0 0 0 
Original (10° cells) HCGF 164 a 
CSF-1 150 ~ 
164 HCGF-. | 1 0.01 
(from HCGF) 
150 CSF-1 0 — 
(from CSF-1) 
src (MoMuLV) 
Original (410° cells) HCGF 74 E 
CSF-1 i 
l 17 HCGF 800 47 
(from HCGF) 
3 CSF-} 0 0 
(from CSFI) 
2 8 HCGF 214 1.310 
3 0.5 HCGF 595 14x10 
4 6 HCGF 256 6.1 x10 
5 2.6 HCGF 250 6.0 x 10° 
“6 2.5 HCGF 156 3.7x 10"! 
acs ae 1.6 HCGF 300 7.1 x 10 
8 3.0 HCGF 209 5.0 x 10! 
9 2.0 HCGF 394 9.4x 10!” 
50.0 0 0 m 


Long-term cultures infected with src (MoMuLYV) or control cultures 
were established as described in Table | legend. 20 weeks after infection, 
the cultured cells were plated in 1-ml agar gels consisting of Fischer’s 
medium supplemented with 20% horse serum, 0.3% final concentration 
of agar, and either no stimulus, 15% (v:¥) WEHI-3 cell conditioned 
medium as a source of HCGF (ref. 12) or 15% (v:v) of mouse L-cell 
conditioned medium as a source of CSF-I (ref. 16), The agar gels were 

‘incubated for 7 days at 37°C in fully humidified conditions containing 
air plus 5% CO,, and the numbers of discrete colonies (> 50 cells) were 
determined 7 days later. Each assay was performed in triplicate and the 
results are the mean of three plates. Standard errors fell within the range 
#20%. After counting the plates, the whole agar gel from one plate 
(I ml) containing colonies was resuspended in $ ml of growth medium 
and the colonies were dispersed by repeated flushing. with a I-ml pipette. 
The cell suspension was then further diluted as appropriate and fractions 
of this were plated as I-ml aliquots in the required stimulatory material 
(either HCGF or CSF-1). This was repeated at weekly intervals. The 
results are expressed as a fraction of the number of colonies transferred 
based upon colony counts at day 7 (ref. 1). However, on three different 
occasions (transfers 1, 5 and 9) we picked out individual colonies and 
replated these cells separately. Of a combined total of 112 colonies 
assayed in this way, 70% contained further colony forming cells and 
the mean increase gave results similar to that seen by replating fractions 
of the whole gel. That the cells are responding to HCGF, rather than 
to'some other stimulatory material, was shown on two separate occasions 
when the cells were replated in a highly purified HCGF preparation", 
Equivalent colony counts and replating efficiency were obtained in each 
case (data not shown). On repeated occasions, the cells developing in 
these colonies were tested for their ability to survive and proliferate in 
the absence of HCGF. No survival or growth was seen when the cells 
were plated between 10° and 2x 10° per ml in the absence of HCGF. 


different growth factors in progenitor and stem cell self- 
renewal'®-*, the assays were performed either using WEHI cell 
conditioned medium (as a source of the multi-lineage and stem 
cell stimulating factor which we call haematopoietic cell growth 
factor (HCGF) (ref. 12, see also refs 13, 15) or using L-cell 
conditioned medium (as a source of the macrophage-specific 
stimulus called CSF-1; ref. 16). 

Table 2 shows that the control long-term cultured cells 
respond equally well to either HCGF or CSF-1 in terms of 
`- colony formation in the ‘GM-—CFC’ assay system but that few 
or no colony-forming. cells are present after only 7 days of 

growth in soft-agar gels. These data agree with those previously 
iblished®:'*. Cells from src cultures, on the other hand, still 





































Table 3 Serial transfer of control and src (MoMuLV)-infected cell 
a ‘CFC-mix’ assay 





Cumulativ: 
No. of No. of total of 
Transfer colonies colonies colony’ 
number transferred recovered increase 
Control 
Original (10° cells) 94 
l 4 0 
sre (MoMuLV) 
Original {2x10 cells) 50 
(18 weeks) 
1 5 36 
2 3.6 39 
3 3.9 6.6 
4 1.32 0 
src (MoMuLy) 
Original (1.2 x 10° cells) 30 
(20 weeks) 
I 3 24 
2 2.4 12 
3 1.2 0 


The cells from sre (MoMuLY)-infected or control cultures were plat 
as for Table 2 legend except that the culture medium consisted 
Iscove’s modified. Dulbecco's (Gibco), 20% (viv) fetal calf seru 
1% (w/v) bovine serum albumin, 10% WEHI-CM as a source of HCC 
(multi-CSF; refs 12-14), 1 U mi! erythropoietin (Hyclone). and: 0. 
(final concentration) agar (method based on ref. 11). The plates we: 
incubated in fully humidified conditions at 37°C in an atmosphere: 
5% O2, 5% CO, in nitrogen. Colony counts were made at day Ta 
again at days 12-14. Individual colonies were picked out from the ag 
at days 12-14, cytospin preparations made, and stained with benzidi 
plus May-Grunwald/Giemsa before microscopic analysis of the:¢ 
types present. In the colonies picked out from contro! cultures, u 
10% contained cells of more than one lineage (erythroid: cells 
either granulocytes or megakaryocytes). Of colonies picked out fi 
src (MoMuLV) cultures (either primary or transferred), 20-70% of the 
colonies contained multiple cell lineages. The remaining colonies j 
tained granulocytes and/or macrophages. Colony transfers were pe 
formed at 7-day intervals exactly as described in the legend to Table 
except that the different growth medium was used. Experiments we: 
performed. on the sre (MoMuLV)-infected cells at 18 weeks’ and” 
weeks after infection. Note that a similar decline was seen in ei 
instance. 


require growth factor for colony formation, but note the disparit 
in the response to HCGF versus CSF-1. With CSF-1, 
colonies are formed and these are not replatable. In HCGF,. 
however, colony-forming cells are continually being generate 
even after the ninth successive transfer. At this time, the colon 
forming cells still absolutely require the presence of HCGF fo 
expression of their growth potential. Morphological examin 
ation of the colonies was performed at each successive transfe 
All colonies examined contained recognizable. mat 
neutrophils—but all contained a high proportion (10-90% ) 
primitive undifferentiated cells and frequent mitosis. 
The presence of large numbers of undifferentiated cells i 
these colonies indicated that the assay system may not be allow 
ing full expression of the differentiation potential of the culture 
cells. Therefore, we performed a similar experiment where th 
cells were cloned and replated in an assay system promoting. 
the development of multipotential cells''. The results (Table 3). 
are of interest from several points of view. First, in the primary 
plates of the cells taken directly from the src-infected, long-term 
cultures, the same number (if not more) of colonies formed i 
the CFC-mix, multipotential cell assay, compared with the GM 
CFC assay system. Moreover, of colonies developing in th 
CFC-mix system, 20-70% contained maturing cells of more than 
one myeloid lineage (erythroid cells with granulocytes and/o 
megakaryocytes). Second, the replating efficiency of these cell 
(for their ability to produce both single-lineage and mixed: 










































‘able 4 Multipotential stem cell production from src (MoMuLV)- 
infected cells in a ‘GM-CFC’ assay 





No. of No. of % of mixed 
ransfer colonies colonies myeloid 
number transferred recovered colonies 
0.7 45 30 
0.25 140 ND 
0.23 20 50 
0.32 80 33 
10 4 287 30 





Long-term marrow cultured cells taken from src (MoMuLV)-infected 
tures, 27 weeks after infection, were serially passaged at 7-day inter- 
Is in a GM-~CFC assay system exactly as described in the legend to 
‘able 2. These cultures also gave a cumulative colony increase similar 
‘that shown in Table 2. However, at. selected passages (transfer 
numbers, that is, the number of weeks since the primary plating) whole 
gel cell suspensions were made and assayed for the presence of multi- 
Otential cells using the modified growth conditions as described in the 
gend to Table 3. The number of colonies was counted at days 12-14, 
and individual colonies were picked out, stained and classified as to 
the lineages present. Mixed colonies contained benzidine-positive 
ucleated and enucleate erythroid cells plus cells of one more lineage 
(granulocytes, macrophages or megakaryocytes). 


eage colonies), although obviously greater than the corre- 
sponding control cells, does not show the prolonged mainten- 
ance demonstrated in the GM-CFC assay system, that is, the 
probability has been somewhat ‘shifted’ in favour of differenti- 
ion rather than self-renewal. In support of this, morphological 
analysis of the developing colonies in the CFC-mix system has 
smonstrated a spectrum of maturing cells not seen in the 
M-CFC system. Although in the majority of these colonies, 
also, undifferentiated cells are still present, these are generally 
ca lower proportion (<10%) than that seen in colonies 
veloping in the GM-~CFC assay. Thus, the larger number of 
last cells seen in the GM-CFC assay system probably rep- 
sents a developmental block occurring in these culture condi- 
ions. Consequently, the real developmental potential of the 
cells is seen only when they are plated in conditions which 
acilitate multi-lineage development. 
‘The differences seen in the ability of the cells to undergo 
peated serial recloning in the two assay systems is not simply 
selection of a different cell population or the emergence of 
he unusual ‘factor-dependent’ (IL-3 or HCGF dependent) cell 
nes previously described'”~'?. Rather, it appears to be a reflec- 
ion of the capacity of the different culture conditions to maintain 
lf-renewal of multipotential cells (Table 4). Colonies develop- 
gin the GM-CFC assay system were tested at different transfer 
1umbers for their ability to produce mixed myeloid colonies in 
e CFC-mix system. The results clearly show that within the 
M-CFC assay system, large numbers of multipotential cells 
are produced and maintained at each serial transfer. Therefore, 
€ conclude that the self-renewal observed in the GM-CFC 
say is a reflection of the different culture conditions. 
It is clear from these results that infection of long-term cultures 
ith src (MoMuLV) has facilitated the growth of stem cells with 
n unusual capacity for self-renewal when serially transferred 
marrow stroma. We also show that the increased self-renewal 
ity of multipotential cells in the CFC-mix assay from src 
MoMuLvV) cultures is maintained in the absence of stroma, 
srovided that the cells are supplied with a multi- lineage stimulat. 
ng factor, HCGF. Interestingly, self-renewal in this case can 
modified further by the culture conditions. The efficiency of 
elf-renewal seems to be inversely related to the differentiation 
ressure imposed by the culture system but the role of pp60"* 
ref. 20; the product encoded by the sre oncogene) in the 
maintenance of fnultipotential cells in the absence of stroma 
emains an enigma. Previous work has shown’ that long-term 





“cultures infected with src (MoMuLV) both produce infectious 


virus and express high levels of src kinase activity. These results 
have been confirmed by J. Wyke and A. Stoker (personal com- 
munication). Also, the expression of the src oncogene in the 
primary infected long-term cultures has had a role (directly or 
indirectly) in the events observed, as similar effects have not 
been seen with stem cells from long-term cultures infected with 
other hel per € or rapidly transforming RNA viruses carrying other 
oncogenes?! However, we have recently taken individual 
colonies developing in the soft-gel systems described here and 
amplified the cells in liquid culture in the presence of HCGF. 
These cell lines contain multipotential cells which will form 
mixed myeloid colonies when plated in soft-agar and they can 
also establish haematopoiesis and produce CFU-S when inocu- 
lated onto marrow stromal cells (E.S. and T.M.D., manuscript 
in preparation). It seems likely, therefore, that some if not most 
of the colonies developing in our serial transfer in vitro systems 
are derived from the most primitive of haematopoietic stem 
cells, the CFU-S, that is, src (MoMuLYV) infection of long-term 
marrow cultures has provided an opportunity for the culture of 
non-leukaemic, multipotential stem cells. Surprisingly, however, 
the production of infectious virus or expression of high levels 
of src kinase activity by these cells has not been detected so far 
(J. Wyke and A. Stoker, personal communication). One possibil- 
ity is that src (MoMuLV) infection of the original marrow 
cultures ‘selected’ for stem cells with a high self-renewal ability, 
but which were themselves refractory to infection with the virus. 
In this case, however, it is difficult to envisage how the stability 
of the phenotype is maintained through several in vitro reclon- 
ings. Alternative possibilities include a ‘hit-and-run’ event or 
the integration of provirus adjacent to some important regulatory 
gene. If true, these must be highly frequent occurrences to 
account for the ease with which such ‘transformation’ events 
are seen in the cultures. It is also possible that culture of cells 
in the presence of HCGF in some way modulates the production 
and expression of virus. These possibilities are being explored. 

Certainly, the problem of self-renewal lies at the heart of 
normal haematopoietic cell regeneration as well as 
leukaemogenesis. Thus far, the problem has been difficult to 
approach because of the lack of suitable in vitro systems in 
which events regulating growth and differentiation can be 
examined in a non-malignant ‘normal’ self-renewing system with 
a capacity for multiple lines of differentiation. The present 
results suggest that these cultures may be very useful in this 
respect. 

This work was supported by the Cancer Research Campaign 
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Foreign tissues grafted into healthy recipients are usually rejected 
by the hosts’ immune system largely by means. of major histocom- 
patibility complex (MHC) products expressed on donor cells’. 
During ontogeny, developing T lymphocytes acquire tolerance to 
self-MHC antigens and the thymus has been considered as the 
most likely site for the abrogation of self-reactive clones’. We 
demonstrate here that embryonic thymus lobes, when organ cul- 
tured in the presence of deoxyguanosine, which is toxic to prolife- 
rating embryonic thymic lymphocytes but does not affect the 
-epithelial framework, when transplanted to the kidney capsule of 
normal healthy histoincompatible mice, are not rejected despite 
- their continued expression of both class | and class H donor MHC 
` products’ but do not induce tolerance. This suggests that 
immunogenicity is not solely a function of MHC antigen 
expression but is also influenced by the type of cell upon which 
the antigens are expressed and, if the thymus is involved in the 
induction. of tolerance to self-MHC products, this is a function 
of a component other than the epithelium, perhaps thymic dendritic 
cells. 
Elevated blood levels of deoxyguanosine in purine nucleoside 
phosphorylase deficient individuals have been implicated in 
T-cell immunodeficiency’, and we have previously shown that 
deoxyguanosine is toxic to proliferating embryonic thymic lym- 
phocytes, but does not affect the epithelial framework of the 
thymus which survives this treatment’. Remarkably, deoxy- 
‘“guanosineé-treated lobes not only survive when transplanted to 
histoincompatible recipients but uridergo considerable growth 
and become fully lymphoid as a result of colonization by host- 
derived lymphoid stem cells. Such lobes also appear to be 
functional in vivo because, when transplanted into athymic 
T-cell deficient nude mice, they form lymphoid grafts colonized 
by host derived precursors, and the thymus-dependent areas of 
the host peripheral lymphoid tissues (unpublished observations} 
are reconstituted. During a series of experiments designed to 
confirm the recolonization of deoxyguanosine-treated thymus 
in vivo, we observed that treated. thymus grafted from CBA 
(H-2*, Thy 1.2) mice to AKR (H-2*, Thy 1.1) recipients survived 
and became fully lymphoid, whereas non-treated grafts were 
rejected after | week, presumably as a result of the many minor 
histocompatibility differences between these mouse stains 
(Table 1). 
To determine whether deoxyguanosine treatment would also 
allow survival of grafts transplanted across a major histocom- 
patibility barrier, C57BL/10 (H-2 *) mice were grafted with 
thymus lobes from CBA/Ca (H-2*) mice, with or without prior 
deoxyguanosine treatment. Table 2 shows that, whereas 
untreated grafts are rejected, treated grafts survive and grow in 
the same way as they do in syngeneic recipients. 
We have demonstrated previously that the epithelial cells of 
the thymus express class II MHC antigens from at least the [4th 
day of gestation’ and that this expression is maintained after 
deoxyguanosine treatment in vitro’. To examine the MHC status 
of thymus after growth in an allogeneic host, frozen sections 
were prepared from CBA/Ca deoxyguanosine-treated thymus 
‘recovered from C57BL/10 recipients 7 weeks. after transplanta- 

‘thon. Figure 1 shows that the grafts strongly express class If 
MHC antigens of the donor haplotype (ia‘), thus they are 
; present on nthe. stromal.cells of the thymic grafts without preju- 





RS TONATURE 


Table 1 





Effect of deoxyguanosine treatment on the survival of.” 
transplanted fetal thymus lobes 





No. of animals with 


Duration of graft surviving grafts 


(weeks) Treated Untreated 
l 3/5 5/5 
l 5/5 0/5 
3 5/5 0/5 
4 4/4 0/4 
5 5/5 0/5 
8 





Fetal thymus lobes were isolated from CBA/Ca(H-2*, Thy 1.2 
embryos at day l4 of gestation and organ cultured for 5 days in th 
presence of 1.35 mM deoxyguanosine as described previously”. Non 
treated lobes were cultured in an identical manner except for 
omission of deoxyguanosine. Groups of 4-6 lobes were transplante 
beneath the kidney capsule of AKR (H~2*, Thy 1.1) recipients whig 
were killed at weekly intervals thereafter. The presence or absence o 
grafts was scored using a dissecting microscope and samples were také 
for histology. Successful grafts were readily identified as fleshy, whit 
subcapsular swellings, Absence of grafts was always confirmed- histologi 
cally. Grafts of embryonic thymus, whether deoxyguanosine treated o 
not, survived indefinitely in syngeneic recipients or nude mice (data no 
shown). 


a 








Fig. 1 Double indirect immunofluorescent labelling of a frozen 
section of deoxyguanosine-treated CBA thymus 7 weeks after 
transplantation to an immunocompetent C57BL/ 10 host. a, Fluore- 
scein labelling showing a widespread reticular network of Ia“ 
comparable with that seen on the cortical epithelium of normal 
CBA thymus, b, Same field showing rhodamine labelling of A2B5- 
positive cells present in a more restricted cluster, a pattern also 
typical of the normal thymus®. First step reagents were monoclonal 
anti-la* (clone 10-216, mouse IgG2, a kind gift from Dr W. Van; 
Ewijk) and monoclonal antibody A2B5 (mouse IgM, a kind gift 
from Dr M. Raff). Second step reagents were rabbit anti-mouse 
IgG2 fluorescein (Nordic) and goat anti-mouse IgM (Fc): 
thodamine (Nordic), both at a final dilution of 1/15. 


dicing their survival in an allogeneic environment. We have also’ 
detected class 1 (H-2K) antigen of the donor haplotype at-a 
weaker level of staining but comparable with that found in the: 
normal thymus’. Thymic grafts also contain a subpopulation of 
stromal cells which bind a monoclonal antibody (A2B5) directed 

against a GQ ganglioside characteristic of neuroendocrine cells 

(Fig. 1). The distribution of these cells and the pattern of staining: 
in the grafts are similar to those found in the thymus in situ, 



































fable 2 Effect of deoxyguanosine treatment on the survival of fetal 
: thymus grafts in syngeneic or allogeneic hosts 





No. of animals with 


Graft type surviving grafts (% ) 
Treated CBA 3/5 (60) 
Untreated CBA 4/5 (80) 
Treated CBA 7/12 (58) 
Untreated CBA 0/5 0) 





}4-Day CBA/Ca (H-2*) fetal thymus lobes either deoxyguanosine 
treated or not (as described in the legend to Table 1) were transplanted 
yeneath the kidney capsule of allogeneic or syngeneic hosts which were 
illed-4 weeks later and scored for the presence of grafts. The results 
icated that whilst untreated grafts are rejected by allogeneic hosts, 
deoxyguanosine-treated grafts grow in allogeneic mice and are recovered 
ecessfully at a frequency similar to that in syngeneic recipients. 


uggesting that the allogeneic thymus transplants develop nor- 
mally under the renal capsule. 

‘The origin of the lymphoid component of the grafts was 
vestigated by labelling with monoclonal anti-Thy 1.1 and 
nti-Thy 1.2 antibodies, cell suspensions derived from CBA 
hymus transplanted to AKR hosts. Table 3 shows that deoxy- 
uanosine-treated thymic grafts are populated by host-derived 
Hs with no indication of surviving donor lymphoid cells. On 
e other hand, analysis of untreated CBA thymus grafts to five 
KR recipients, showed that at | week after transplantation, 
and just before rejection, these grafts contained 94+ 5% donor 
Thy 1.2*) cells. These results agree with our earlier in vitro 
tudies, when it was shown that deoxyguanosine treatment 
minates indigenous lymphocytes and lymphoid stem cells, so 
Yermitting colonization by donor stem cells”. 

Although there are several explanations for the paradox that 
hymus grafts, rich in MHC antigens, are not rejected by 
illogeneic immunocompetent hosts, two main possibilities stand 
jut. The thymus is the primary site of T-lymphocyte production? 
nd as such might represent a special case in which expression 
f MHC antigens by thymic epithelial grafts renders hosts 
olerant to them. However we have found (Table 4) that host 
lymphocytes, both within the epithelial grafts and within spleens 
of the recipients, can respond to the MHC antigens of the thymic 
raft type in mixed lymphocyte culture (MLC). This result does 
ot exclude the possibility that powerful suppressive influences 
re generated in vive but such influences might also be expected 
o operate in the case of untreated grafts—-which are rejected. 
: The second possibility is suggested by recent studies which 
ave shown that reduction of class IE MHC antigen expressing 





Table 3 Detection of cells bearing either. donor or host T-cell markers 
in deoxyguanosine-treated thymus grafts 





Total cell No. Thy LI No. Thy 1.2 
Graft no. count (%) % 
| 200 174 (87) 0 
2 210 201 (96) 0 
3 220 202 (92) 0 
4 185 177 (96) 0 
5 203 188 (93) 0 





Grafts were carefully dissected free of the kidney capsule and cells 
were liberated by teasing with fine knives. The resulting cell suspensions 
were washed and stained with a mixture of saturating concentrations 
of biotin-conjugated anti Thy 1.2 (clone 303-1H Becton-Dickinson, rat 
igG2b) and monoclonal anti-Thy 1.1 (NEN, mouse IgM) followed by 
a mixture of avidin fluorescein (Becton-Dickinson) and rhodamine-goat 
anti-mouse IgM (FC) (Nordic) at a final concentration of 1/50 and 
1/15 respectively. Cells were scored for either rhodamine or fluorescein 
labelling in a Zeiss universal microscope with epi-illumination and 
standard filter set 9. In addition to the data shown here, examination 
of 24 AKR animals carrying deoxyguanosine-treated CBA thymus grafts 
for donor-derived Thy 1.2 expressing cells at periods from l-5 weeks 
after transplantations provided no evidence for the survival of such 
donor lymphoid ceils. 


cells lowers the immunogenicity of tissue grafts”. Our results 
indicate that the survival of deoxyguanosine-treated thymic 
grafts is not due to simple absence of class H expression. 
However, immunogenicity might depend upon the cell type on 
which class I] antigens are expressed. The thymus is known to 
contain two major populations of class I] expressing cells— 
epithelial cells of the thymic stroma and dendritic cells of 
haematogenous origin'®. We have found that deoxyguanosine 
treatment of embryonic thymus not only eliminates lymphocytes 
and their precursors, but also substantially reduces and perhaps 
eliminates dendritic cells and dendritic cell precursors''. Thus 
elimination of dendritic cells may be crucial for the successful 
transplantation of deoxyguanosine-treated thymuses although 
the possibility that elimination of lymphocytes is also important 
cannot be excluded. 

These results do show, however, that the epithelium remaining 
in treated grafts, despite strong la expression, does not seem to 
be immunogenic and, after colonization by host stem cells, grows 
into a fully lymphoid thymus. The ability of host-derived thy- 
mocytes developing within the graft to produce a response to 
graft type stimulators in MLC (Table 4) also argues against a 
role for the thymic epithelium in the induction of tolerance by 
the deletion of clones reactive to graft type. Furthermore, we 





Table 4 MLC responses of spleen and thymus graft cells from CS7BL/10 (H~2") mice bearing deoxyguanosine-treated 
CBA/Ca (H-2*) thymus grafts beneath the kidney capsule 









Animal no. Responders Host (C57) 
[i Graft thymocytes 192.3 + 50.2 
Host spleen 329.4 + 36.5 
Graft thymocytes 207.9 + 33.9 
Host spleen 497.3 + 38 
Graft thymocytes 44.7 23.1 
Host spleen 640.8 + 90,4 


Stimulators 


Third party 
Graft-type (CBA) (BALB/c) P-value 

1,294 + 483.8 572.5 487.4 <0.05; 0.025 
4,245 + 509.4 2,307 + 216 <0.001; <0.001 

971 t 247.7 266.5 + 52.6 <0.01; > 0.05 
5,002.4 +: 532.4 2,662.7 + 109.3 <9.001 ;< 0.001 

1,805 + 232.6 $99.4+ 51.3 <O.01; <0.01 
10,784 + 593.8 12,365.5 +911.6 <Q.001; <0.001 


emim aaea annaa mna a 
| MLC cultures were carried out in 20-ul hanging drops in inverted Terasaki plates as described by Knight”. Stimulators were irradiated (2,000R) 
_ Spleen. cells at a final concentration of 8 x 10° per well. Responder cells were prepared by gently teasing apart host spleen and thymus grafts and 
were used at a final concentration of 10° cells per well for thymus grafts and 2=10* cells per well for spleen. All cultures were carried out in 
supplemented Dulbecco’s modified Eagle's medium with 10% fetal calf serum and 5% EL-4 culture supernatant as a source of T-cell growth 
factors'’. Cultures were pulsed with 2 Ci ml“! of *H-thymidine for 6 h on day 4 and collected for counting On an automatic cell collector. Results 
are expressed as fhe mean +s.e.m. for six replicate wells (three replicates for thymus graft responders, animal 3) P values are given for the 
sponse to graft-type and third-party stimulators as compared with the response to host-type stimulators. The results indicate that whilst there 
a minimal proliferative response to host-type stimulators, there is a significant response to both graft-type and third-party stimulators by cells 
om both höst spleen and thymus grafts. Note that the response given by thymus graft cells, as in the case of normal thymus, is of a lower order 
han that given by spleen cells, suggesting that there is no graft accumulation of mature host peripheral cells reactive to graft type. 



















“have found recently that chimaeric thymus lobes produced in 
vitro by recolonization of deoxyguanosine-treated lobes with 
allogeneic embryonic precursors, where there is no possible 
involvement of extrinsic mature cells, also contain cells capable 
of response to epithelial type stimulators in MLC (J.J.T.0., E.J.J. 
and R.K., unpublished observations). 

We suggest that the most likely explanation for the growth 
of deoxyguanosine-treated thymus lobes in allogeneic recipients 
depends upon the elimination of dendritic and/or lymphoid 
cells and their precursors. We have found that deoxyguanosine- 
treated thymic epithelium is populated in vitro by donor den- 
dritic cell precursors during the process of recolonization''. It 
seems likely that treated thymic grafts are also populated by 
host dendritic cells in vivo, but remarkably these cells do not 
present the class II antigens of the donor epithelium to the host's 
immune system. The significance of class H antigen expression 
by epithelial cells remains unresolved but might be related more 
to the acquisition of MHC restriction by T cells than to tglerance 
induction. 

We thank Alison Kingman for assistance with the photogra- 
phy and Lyndsey Halliwell for help in the preparation of the 
manuscript. The work was carried out with support from a MRC 
project grant to E.J.J. and J.J.T.O. 
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The major histocompatibility complex (MHC) regulates several 
aspects of the immune response. Class H antigens of the MHC 
control cellular interactions between lymphocytes’. In man, at least 
three class II antigens (DR, DC and SB), consisting, of distinct 
a- and B-chains, are encoded in the HLA complex’. Sequence 
analysis has established that the DR and DC antigens are the 
respective structural counterparts of the murine I-E and I-A 
antigens? . Molecular cloning of the SB -chain gene has now 
enabled us to define its relationship to other class II genes. The 
DR, DC and SB 8 genes have diverged from each other to the 
same extent. In murine DNA and in cloned genes from the I 
region, the best hybridization of SB B DNA is with the EB2 
sequence. EB2 may belong to a complete gene (E’ 8) because first 
domain sequences were found adjacent to it. 

Limited amino acid sequence data have been reported for SB 
antigens’ and the extent of structural homology to the other 
class I] antigens was unknown. Furthermore, it was not known 
whether a murine counterpart to the SB antigen existed but 
remained undetected, whether it existed but was lost during 
evolution or whether SB was generated by gene duplications 
after man—mouse divergence. In order to investigate these 
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Table 1 Nucleotide sequence homologies between human and murine class 
B genes 





B-Chain domain 
First Second 


DR DC I-E I-A DR DC IE LA DR DC LE EA 
SB 76 7 a n 7 7V 7 7% 68 n n 70 


Third 





The nucleotide sequences have been compared separately for each exon en 
ing the first, second and third domains of the B-chain. The fourth and fifth domai 
are too short to yield meaningful numbers. The numbers represent the homolo; 
between two sequences, expressed as a percentage. References for the hum 
sequences are given in Fig, 1. The sequenced I-EB gene” was from the He: 
haplotype and the sequenced I~AB gene® was from the H-2” haplotype. 


alternatives and to define the structure of the SB B-chain, wi 
have isolated cDNA and genomic DNA clones for this chai 
The cDNA clone SBB was obtained from a library, construct 
from mRNA of a human B-cell line*, which was screened i 
conditions of relaxed stringency using DNA probes correspon 
ing to the -chains of DR and DC antigens. The purified inse 
from that cDNA clone was used to identify a correspondi 
gene from a cosmid library". The complete DNA sequence: 
the cDNA clone, the first domain exon of the genomic cl 
and a map of the region comprising the SB a and 8 genes 
presented elsewhere’. The deduced amino acid sequence ( 
1) matches the partial NH-terminal sequence of an SB3 
chain’ in six out of seven positions. This single difference (amit 
acid 9 is tyrosine in SB3 and.phenylalanine in our cloned gen 
is best explained as an allelic difference because the genom 
DNA library was constructed from DNA of an SB4 homozygous 
cell line. A CDNA clone derived from mRNA of another B-cel 
line was recently isolated and sequences related to it mapp: 
in the SB subregion of HLA®. The amino acid sequence deduced 
from that cDNA clone shows 97% homology with the SB 
§-chain sequence presented here (Fig. 1). 

Hybridization of the cDNA clone SB to human genom 
DNA digested with EcoRI revealed the presence of at leas 
three bands (Fig. 2). The strongest band after high-stringency 
washes is a 10.5-kilobase (kb) fragment which corresponds to 
the SB 8 gene cloned in cosmid SB4 (ref. 5). Therefore,.t 
cDNA clone SBA and the cosmid clone SB4 probably represe 
alleles of the same gene. Two. additional fragments. (7.5 a 
3.6 kb) also hybridize well at a stringency which does not allot 
hybridization to DR or DC B genes; these bands represent. 
least one more SB-like B-gene sequence. 

The overall structure of the SB 8-chain is very similar to tha 
of other class II B-chains (Fig. 1), Both extracellular domai 
contain disulphide bridges and the putative carbohydrate attach- 
ment site is at the same position, on asparagine 19, There are 
also two major differences. First, the alignment with the DR 
and DC B-chains can only be maintained if a gap of two amino 
acids is introduced after position 23. Most probably, a deletion 
of six nucleotides has occurred during the evolution of the SB 
B gene. Second, the cytoplasmic portion of these three B-chai 
is completely different. At the amino acid level the homolog: 
between SB and DC B-chains (69%) is ~5% greater than tha 
between SB and DR (64%). However, at the nucleotide leve 
the SB B gene is not more closely related to the DC £. gen 
than to the DR £ gene (Table 1). The SB, DC and DR £ gene 
have diverged from each other to approximately the same extent 
The SB B gene is neither I-E-like nor I-A-like; it is therefor 
appropriate to divide the HLA-D region into three distinct 
subregions (DR, DC and SB). 

The nucleotide sequence homology is greater between DR 
and I-E or between DC and I-A 8 genes than intraspecies _ 
homologies between genes of different subregions (Table 1) 
This implies that the gene duplication which generated th 
DR/I-E and DC/I-A B genes must have preceded mammalia 
radiation. Because we have shown that the SB 8 gene ancesto: 
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“Fig. 1 Amino acid sequence comparison between SB, DR and DC §-chains. Amino acids are numbered based on the sequence of the SB 
| B-chain. Hyphens indicate identity with the SB 8 sequence. Vertical arrows indicate exon-intron boundaries'°, The hydrophobic transmembrane 
region is boxed. The sequences are derived from the following sources: SB4, genomic DNA clone encoding an SB4 B-chain®; SB, cDNA 
clone SBB (this paper); HB, cDNA clone HB@ (ref. 6); DR, cDNA clone DRSI (ref. 4); DC, cDNA clone pll-8-1 (ref. 11). The cDNA 
clone SBB was isolated from a cDNA library constructed from mRNA of an HLA-heterozygous B-cell line“. The library was screened by 
colony hybridization’? using inserts purified from the DR 8-1 and the DC -1 cDNA clones’? and with a final wash at 65°C for 30 min in 

5M NaCl, 0.015 M trisodium citrate. Out of 37 positive clones identified in the screening, SBA was the only clone that had a weak homology 
with both the DR and the DC 8 probe. The purified insert from SBS was used to identify a genomic DNA fragment cloned in a cosmid 
“wector®. The cosmid library was constructed from DNA of the consanguinous HLA-homozygous B-cell line HHK which types as DR6 and 
: SB4, The nucleotide sequence of the cDNA clone SB and the first domain of the SB4 B gene is presented elsewhere’. 




























tself as ‘old’ as the DR-DC 8 gene duplication, its existence 
iust also have. preceded man-mouse divergence. We have 
nvestigated whether it is still present in mice tday by hybridiz- 
ng the CDNA clone SB£ to an EcoRI digest of mouse (BALB/c) 
INA (Fig. 2). After high-stringency washes a fragment of 2.9 kb 
as detected. In these conditions, the probe did not hybridize 
y the EB or AB genes, which are on fragments of 12 and 5.6 kb, 
espectively’. The SB 8 gene also hybridized better to this murine 
9-kb EcoRI fragment than to the DR or DC 8 genes under 
he‘stringency used in this experiment (Fig. 2). 

“Most of the F region from BALB/c mice has been cloned 
cently in overlapping cosmids’. We used the cosmids carrying 
AB and Ef genes, as well as a sequence called E82 (which 
did not hybridize with B-chain first domain sequences) to test 
eir degree of homology with the human B genes and to search 
the 2.9-kb EcoRI fragment homologous to the SB 8 gene. 
1¢ AB2 sequence, which shows only 60% homology with other 
urine and human’ £ genes, was not included in our analysis. 
ith human DNA probes corresponding mostly to the second 
nd third domains of B-chains, the expected correlations DR/I- 
d DC/I-A were observed (Fig. 3). The DR 8 probe also 
ybridized efficiently to E82. The best hybridization with SB B 
as EB2, which is present on a 2.9-kb EcoRI fragment. The 
ringencies. of the hybridization and washes (about. 18 °C below 
the T., of aDNA homoduplex) which allow a selective hybridiz- 
ion of SB B to E82 were the same as those used for the 
‘nomic blot shown in Fig. 2. We conclude that the sequence 
he mouse genome which hybrijlizes best with the SB 8 gene 
‘EB2. ; 
The same cross-hybridizations were carried out with DNA 
obes specific for the first domain of DR, DC and SB B-chains 
ig. 3). At a stringency which revealed the DR/I-E and DC/I- 
A correlations in the second and third domains, the first domains 
of the three human 8 genes hybridized about equally well to 
both AB and EB. This result is, in fact, expected, based on the 
analysis of nucleotide sequences. The central portion of the first 
domains has diverged more freely and the DR/I~E, DC/I-A 





Fig. 2 Hybridization of a cDNA 
sequence for the SB -chain with human 
(lane |) and murine (lane 2) DNA. High- 
molecular weight DNA from the human 
B-cell line HHK (homozygous for HLA- 
DR6, SB4 by consanguinity) and from 
murine embryos of the strain BALB/c 
(H-2") was prepared as described pre- 
viously '*. 20 wg of each weré digested with 
the restriction endonuclease. EcoRI 
(Boehringer Mannheim), electrophoresed 
in a 0.6% agarose gel and transferred to 
a nitrocellulose filter (Genatran 45; 
Plasco, Woburn, Massachusetts). The fil- 
ter was hybridized with. plasmid. SBB 
which had been'‘labelled with **P by nick- 
translation’ and washed exactly as 
described previously’® except that the final 
wash was in 75mM NaCl, 7.5mM 
trisodium citrate at 65 °C for 30 min. The 
size of the fragments is indicated in 
kilobases. 








correlations are much weaker than in the second or third 
domains. The DR £ probe also hybridized to a 13-kb fragment 
containing the leader exon of E£. A surprising result was the 
detection of a new fragment of 2.4 kb (fragment X in Fig. 3), 
distinct from the fragments containing the E8 and AB genes. 
This fragment hybridized with all three human B-chain probes 
and was more apparent when hybridization stringencies were 
relaxed. Additional hybridizations with BamHI-, HindIll- and 
Kpnl-digested cosmid 8.4 (data not shown) unambiguously 
mapped the hybridizing fragment as being adjacent and cen- 
tromeric to E82. This suggests the existence of a novel mouse 
B-chain first domain (E@1) near E82. Sequencing of this new 
gene (E'8) as well as expression studies are necessary to test 
whether it is complete and functional. The nucleotide sequence 
of E'A should also clarify its evolutionary relationship to the 
SB £ gene. . 
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Fig. 3 Hybridization of HLA class I] -chain sequences with 
H-2 I-region genes. The cosmids 8.4 (carrying the EB and E82 
genes) and 41.1 (carrying the AB gene), both derived from BALB/c 
DNA’, were digested with EcoRI. After separation by gel elec- 
trophoresis and transfer to nitrocellulose filters, the murine DNA 
fragments were hybridized with labelled DNA probes derived from 
human class II 8 genes. The sizes of the various fragments are 
indicated in kilobases on the left. The murine gene present on each 
fragment is indicated on the right. The human class II DNA probes 
were derived from the cDNA clones DR£-2 (ref. 13), DCB-1 (ref. 
13)-and- SBB; and from a cosmid ‘clone carrying an SB £ gene’. 
The probe used for each filter is indicated, together with a map 
“showing the position of each human DNA fragment relative to the 
coding sequence. ‘The filters were hybridized at 65°C. for 14h in 
0.75 M NaCl, 50 mM sodium phosphate (pH 6.8), 5mM EDTA, 
0.02% Ficoll 400, 0.02% polyvinylpyrrolidone, 0.02% bovine 
serum albumin, 50 pg mi7' poly(G), 0.1% SDS and 210° c.p.m. 
ml”! of denatured, nick-translated'> DNA fragments. The filters 
were washed as described previously’® except for the salt con- 
centration in the final wash, which.was either 75 mM NaCl, 7.5 mM 
trisodium citrate (0.5 xSSC) or 0.75 M NaCl, 75mM trisodium 
citrate (5 x SSC), as indicated. 
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Note added in proof: The preferential hybridization of SBB 
cDNA to the murine E82 sequence has been reproduced in 
another study (M. Rogers and D. Singer, personal communica- 
tion). However, the nucleotide sequence of EB2 shows that 
SBB isaboutequallyrelatedto Ef, AB and EB2(N. Braunsteinand 
R. Germain, personal communication). 


Received 21 December 1983; accepted 4 May 1984. 


1. Klein, J., Juretic, A., Baxevanis, C, N. & Nagy, Z. A. Nature 291, 455-460 (1981). 

2. Kaufman, J. F, Auffray, C., Korman, A. J., Shackelford, D. A. & Strominger, J. Cell 36, 
113 (1984). 

3. Hurley, C. K., Shaw, S., Nadler, L., Schlossman, S. & Capra, J. D. J. exp. Med. 156, 
1557-1562 (1982). 

4; Long, E. O., Wake, C. T., Gorski, J. & Mach, B. EMBO J. 2, 389--394 (1983). 

SS, Gorski, J., Rollini, Pa Long, E. O. & Mach, B. Proc natn. Acad. Sci. U.S.A. (in the press): 

6. Roux-Dosseto, M. etal. Proc. natn. Acad. Sci. U.S.A. 80, 6036-6040 (1983). 

T. Steinmetz, M. et al. Nature 300, 35-42 (1982). 

Larhammar, D: et al: Cell 34, 179-188 (1983). 





9. Saito, H., Maki, R. A, “Clayton, L. K. & Tonegawà, S. Proc. nain, Acad Si USA: 80, 
5520-5524 (1983). 

10. Larhammar, D, er al. Proc, natn. Acad, Sci, U.S.A. 80, 7313-7317 (1983). 

i1, Larhammar, D. et al. Proc. natn, Acad. Sei, U.S.A. 79, 3687-3691 (t982). 

12. Grunstein, M. & Hogness, D, Proc, natn. Acad. Sci. U.S.A. 72, 3691-3965 (1978). 

13. Long, E. O. et al. Proc. natn, Acad. Sci, U.S.A. 79, 7465-7469 (1982). 

14. Gross-Bellard, M., Oudet, P. & Chambon, P. Eur. J. Biochem, 36, 32-38 (1973), : 

15. Rigby, P. W. J., Dieckmann, M., Rhodes, C. & Berg, P. J. molec. Biol, 113, 237-251 (1997 

16. Wake, C. T., Long, E. O. & Mach, B. Nature 300, 372-374 (1982). 














Structural and evolutionary 
analysis of HLA-D-region products 


P. Travers*}, T. L. Blundellt, M. J. E. Sternbergt$ 
& W. F. Bodmer* 


* Imperial Cancer Research Fund, Lincoln’s Inn Fields, 

London WC2A 3PX, UK 

+ Laboratory of Molecular Biology, Department of Crystallography, 
Birkbeck College, Malet Street, London WCILE 7HX, UK 

§ Laboratory of Molecular Biophysics, Department of Zoology, 
South Parks Road, Oxford OX1 3P8, UK 





The major histocompatibility complex (MHC)}— HLA in man and 
H-2 in mouse—encodes two classes. of cell-surface antigens in- 
volved in the immune response. The amino acid sequences ha 
been determined for a number of these molecules’, Class. 
antigens, typified by the HLA-ABC. antigens, are composed of 
43,000-molecular weight (MW) glycosylated transmembrane poly 
peptide with three external domains (a1, @2 and a3),.of whic! 
the one nearest the membrane (a3) is associated with a 12,000-MW 
nonglycosylated polypeptide, $,-microglobulin. The HLA-D. 
region or class II antigens, DR, DC and SB, are composed of tw 
glycosylated transmembrane polypeptides, of MWs 34,000 (a 
chain) and 28,000 ($-chain). Both chains. have two externa! 
domains which presumably associate with each other, a2, 82 bein: 
membrane proximal and a1, 61 N-terminal and membrane distal 
All four membrane-proximal domains (class I a3, £,-micro 
globulin, class H œZ and 82) have amino acid sequences that sho 
significant similarities with immunoglobulin - constant-regio 
domains**”'*, This, together with the similarly. placed interna 
disulphide bonds, suggests they might have an immunoglobulin- | 
like structure (Fig. 1). We have now used computer ‘graphics 
techniques to predict a detailed three-dimensional structure: fo 
the membrane-proximal domains of the class II antigens {(æ2 ane 
£2) based on the known coordinates of immunoglobulin constant 
domains (Fig. 2). The transmembrane regions of class II antigens 
have been modelled as two a-helices packed together. The proposed 
structure accounts for conservation of amino acids and leads to 
evolutionary predictions. 

Figure | shows the amino acid sequences of various MHC. 
membrane-proximal domains and the human immunoglobulin’ 
C, domain", aligned on the basis of the presence of invariant. 
residues, the maintenance of the pattern of hydrophobic/hydro: 
philic residues in the seven §-strand regions and a secondary 
structure prediction'*'® for the DR a2 and 82 chains. Th 
numbering of the C, domain, preceded by L, is used for refer: 
ence. The structure of immunoglogulin fragment Fab (NEW). 
at 2.0 A resolution'* was used to model the conformations of 
the HLA-DR membrane-proximal domains (C, for DRa, and. 
Cyl for DRB). Interactive computer graphics (program 
FRODO", written by T. A. Jones and modified for the Evans: 
& Sutherland PS2 by I. J. Tickle) enabled residue substitution, 
deletion and insertion to be performed followed by adjustmen 
to the main- and side-chain torsion angles to obtain a: 
stereochemically allowed model. 

The detailed model structure (Fig. 2) is generally more com- 
pact than that of immunoglobulin domains, ae deletions have 
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those of the HLA-DR (DR a2), c 
HLA-DC (DC a2)", H-2 I-A ine 
(T-A a2) and H-2 I-E (I-E a2)! 

‘a@-chains, HLA-DR (DR 82)" A 
and DC (DC 82)° B-chains, HLA~ 
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een placed in two back loops. The conformation around the 
ryptophan (L210) near the membrane, which is conserved in 
all MHC-encoded sequences, was adjusted so that this residue 
yacks into the core of the domain, occupying the space left by 
the deletion of residues around L187. The HLA-D a2 domain 
is predicted to contain a salt bridge between the Glu L163 in 
_the D-strand and Lys L176 in the E strand, as in the interaction 
etween Glu L165 and Lys L176 in the membrane-proximal 
omain of the HLA-ABC chain. The DR £-chains and £,- 
microglobulin do not contain appropriate residues in these 
sitions. 

Both a2 and 82 have a surface cluster of hydrophobic residues 
ontaining the conserved Phe L174 and Pro L143. In the a-chain, 
rp L200 contributes to this cluster, while in the 8-chain Trp 
172 is involved. L168 is often proline and may also contribute 
o this grouping. The position of this hydrophobic cluster near 
he junction of the N-terminal and membrane-proximal domains 
ggests that it is involved in the interaction between these two 
iomains, and that a similar hydrophobic patch should be ex- 
pected-on the surface of the N-terminal domain. Table 1 shows 
he residues involved in a@2~82 inter-domain contacts, together 
ith the homologous residues from the HLA-DC, HLA-B7 and 
ab (NEW) sequences and the main contact residues of the 
Meg light chain dimer'®. There is probably a hydrogen bond 
yetween Tyr L179 in the HLA-DR a-chain and Ser L137 in the 
[LA~DR B-chain, these residues being conserved in other class 
Fa- and -chains but not in either the HLA-ABC chains or 
n .B2-microglobulin. As expected, the contacts between the 
LA-DC membrane-proximal domains resemble those of 
LA+DR but probably preclude heterodimeric combinations 
uch as DR a with DC £. The contacts between HLA-ABC and 
!s-microglobulin are substantially different from those of the 
'LA-D-region products. 





able 1 Main contact residues involved in the interactions between 
je œ and 8 membrane-proximal domains of the HLA-DR and -DC 
hains, between the HLA-ABC a-chain and B,-microglobulin and 
between the C, and Cy! domains of Fab (NEW) 
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“The main contatt residues involved in the interactions between the 
vO constant domains {C; with C,) in the Meg light-chain dimer, 
ViCi) are indicated by arrows. Numbering refers to the C, sequence 
f Fab (NEW). 
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BT (HLA-B7 «3)'?, a possible HLA-ABC pseudogene (VHLA~ABC a3)", H-2K° (ref. 4), B2-microglobulin (8m)? and a human A light 
chain (C,)'*. The sequences are shown in the single-letter amino acid code. Underlining shows the positions of B-strands determined from 
“the structure of Fab (NEW). The seven 8-strands of the immunoglobulin constant region are lettered A-G (ref. 14). 


The locations of residues conserved in all immunoglobulin 
constant and MHC-encoded membrane-proximal domains can 
be identified (Fig. 2a). One cluster is around the conserved 
cystine disulphide (Cys L136 and Cys L195) and involves 
Leu L134, Tyr L193 and Val L197. The only other conserved 
residue is Pro L143. If one excludes 8.-microglobulin, however, 
Trp L150 also is conserved. Several residues are conserved 
between MHC sequences and not in C, domains: Asp L171, 
Phe L174, Pro L205 and Trp L210 (see above). Asp LI71 and 
Phe L174 may be involved in the interaction between the mem- 
brane-proximal and membrane-distal domains; indeed the 
residue at L171 in immunoglobulin constant domains is involved 
in interactions with the variable domain. 

The structural role of many residues conserved in the class 
H sequences can be identified (Fig. 2b). Leu L127, Trp L150 
and Leu L180 pack into the hydrophobic core of the domain. 
The other residues often form hydrogen bonds (for example, 
Thr L118 and Asn L153). The residues common to the a-chains 
alone include those on the surface around Trp L120, the confor- 
mation and interactions of which are probably not found in 
immunoglobulins. Many of the other common residues (such 
as Pro L124, Val L125 and Pro L131) may be involved in interac- 
tions between the proximal domain and the membrane. There 
are also conserved surface clusters, for example Asp L194, 
Leu LI51 and Thr L149. The region on the surface close to the 
connection to the distal domains also includes conserved 
residues, Pro L144, Val L145, Phe L166, Asn L112, Trp L200 and 
Gly L201. 

The sequences of the transmembrane hydrophobic segments 
of the HLA-region products (Fig. 3), together with the predicted 
structure for DRa and 6 (Fig. 2d), were modelled in an a- 
helical conformation because this is a suitable structure for a 
single polypeptide chain that. spans the lipid bilayer’? and 
because it allows all the hydrogen-bonding potential of the 
peptide groups to be fulfilled. In this conformation, both chains 
show faces of the a-helices almost entirely composed of glycines 
(see Fig. 2d legend). We suggest that the helices pack along 
these faces and that, as the side chain of glycine consists only 
of a hydrogen atom, the helices can lie parallel rather than at 
the more usual angles*”** dictated by interactions of larger side 
chains. Similar patterns of glycine residues can be seen in the 
internal fusogenic peptides of influenza virus haemagglutinin”, 
Sendai virus F protein** and the transmembrane segment of 
glycophorin’’. These peptides may also form close a-helix—a- 
helix interactions via glycine-rich faces. Comparison of the class 
Il transmembrane peptides showed that the transmembrane 
segments are the most highly conserved parts of these molecules. 
For example, the homologous HLA-DC and H-2 I-A’ a sequen- 
ces share 21 out of 23 amino acids of the hydrophobic mem- 
brane-spanning peptide. However, for the HLA-ABC antigens, 
as 8,-microglobulin has no transmembrane peptide, the conser- 
ved pattern of glycine residues does not occur, although some 
remnants of the pattern can be seen. 

The a-chain connecting the membrane-proximal domains to 
the membrane-spanning domains is three residues longer than 
the corresponding 8-chain sequence. As it contains three proline 
residues, it cannot adopt an extended conformation. Our model 














Fig. 2 Predicted structures for 
the HLA-DR membrane-proximal, 
transmembrane and intracellular 
regions. a, Stereo representation of 
HLA-DR proximal a-domain show- 
ing the path of the main chain from 
the connections between C* atoms | 
and indicating side chains conserved 
between all immunoglobulin con- 
stant and MHC proximal domains. 
Trp L150, which is conserved except 
in B,-microglobulin, is also shown. 
b, As for a, but showing side chains: 
conserved in all class H sequences. 
c, Stereo representation of the path 
of the main chain with the HLA-DR 
a-chain on the left and the 6-chain 
on the right. The two membrane- 
proximal domains are shown at the 
top of the figure. The connecting pep- 
tides, transmembrane helices and 
intracellular peptides project from 
the base of the membrane-proximal 
domains. d, Predicted structure of the 
HLA-DR transmembrane regionin 
more detail, showing the run of gly- 
cine residues in the two transmem- 
brane helices. The a-chain Hes on 
the left of the figure and the B-chain 
onthe right. The. predominantly 
hydrophobic helix is bounded on 
either side by charged residues. The.. 
sequence of glycine residues along 
each packing face is interrupted 
by Phe for Leu in the DC and 
I-E a-chains}, giving a sequerice 
of residues along the -felix 
of (Cys/Gly)-X-X-Gly-X-X-X-Gly- 
X-X-(Gly/Phe)-X-X-X-Gly- X-X- 
(Phe/He)- in the a- and B-chains. 
The Phe position in-the a-chain is” 
shifted relative to that of the B-chain’. 
by seven residues, or two helical: 
turns, and this allows the a-helices to 
pack without close contact between: 
the two Phe residues. 
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Fig.3 Sequences of the HLA-DR a- and B-chain transmembrane 
peptides and of the HLA-B7 transmembrane peptide. The pattern 
of glycine residues in the HLA-DR sequences can readily be seen. 
Sequences of the transmembrane peptide of glycophorin®’, and the 
hydrophobic peptides of influenza haemagglutinin? and Sendai 
Virus F protein™ that are involved in promoting membrane fusion 
show a similar pattern of glycine residues that may also allow close 
interaction between helices. 


roposes that these prolines introduce a twist in the a-chain 
hich compensates for the difference in length of the two con- 
ecting peptides. The structures of the C-terminal intracellular 
peptides cannot be modelled with certainty. The DC B-chain is 
amino acids shorter than the DR a-chain'®'? and contains 
nly 7 amino acids from the end of the transmembrane segment 
predicted to traverse the 10A of the lipid head groups. It is 
possible, therefore, that only the terminal histidine residue of 
the DC B-chain is in the cytoplasm. 
This modelling study of the conformation of the membrane- 
sroximal. and transmembrane regions of class H antigens has 
implications for the evolution of MHC-encoded and immuno- 
globulin molecules. Their common ancestor may have been a 
rotein that had a structure superficially similar to that of class 
products in possessing two closely packed transmembrane 
polypeptides”, though these would be identical if the original 
molecule were a homodimer. These chains would have been 
organized into two domains, with the membrane-proximal 
domain having an immunoglobulin-like fold. Since immuno- 
globulins are found in primitive vertebrates (see ref. 26), the 
divergence of the MHC and immunoglogulin lineages probably 
ccurred before the emergence of the vertebrates. This is con- 
stent with a figure of 500-700 Myr for the divergence of the 
HC products based on their sequence differences. At this time, 
efore the development of a complex immune system, the func- 
tions of these products would not have been those now observed 
in mammals. The role of the ancestral MHC may therefore, as 
often suggested before, have been in cell-cell recognition, per- 
haps analogous to that which occurs, for example, during sponge 
gregation””. The alternative complement pathway also appears 
to have a counterpart in primitive invertebrates. Perhaps the 
icestral MHC product interacted with it, but during the evol- 
ution of the MHC, this function was usurped by the immuno- 
globulins; this may explain the mapping of the C2, C4 and 
actor B complement within the MHC. In invertebrates, 
protection against invasion by foreign organisms is mediated 
by macrophage-like cells (coelomocytes, amoebocytes or 
archaeocytes). It is perhaps to these cells, and to a role in cellular 
recognition, that one should look for the precursors of the 
mmalian MHC. 
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Immunoglobulin genes are normally expressed only in cells of the 
B lymphocyte lineage after a variable (V) and constant (C) gene 
rearrangement has occurred’. To study the control of immunog- 
lobulin gene expression in a defined situation, we have produced 
transgenic mice by microinjecting a rearranged mouse immunog- 
lobulin « gene (designated pB1-14) into fertilized mouse eggs’. 
We present here the analysis of six different «-transgenic mouse 
lines. All the transgenic mice express the microinjected « gene in 
a completely tissue-specific fashion. Transcripts from pB1-14 are 
found at a high level in the spleen, but are undetectable in nonlym- 
phoid tissues of testis, liver, kidney, heart, muscle, brain and 
thyroid gland. In lymphoid cell subpopulations, the level of pB1-14 
transcripts is correlated with the relative number of B cells; there 
is no correlation with the proportion of T lymphocytes. We con- 
cluded, therefore, that the microinjected « gene contains target 
sequences for B lymphocyte-specific gene activation signals that 
override the influence of the integration site. 

The microinjected gene, pB1-14, encodes the « chain pro- 
duced by the myeloma MOPC-21 (ref. 3), and contains a variable 
region exon designated V,M.21 and a constant region, C,, exon. 
We present here the analysis of pB1-14 expression in different 
tissues of one original transgenic mouse and of first generation 
offspring from five other transgenic mice (see Table 1a for 
numbers, age and sex of mice). All the transgenic mice studied 
here contain multiple copies of the microinjected « gene (Table 
la) which are inserted generally at a single site in tandem 
head-to-tail arrangement. As in one original transgenic mouse 
(no. 54) two different integration sites were seen which segregate 
in the offspring’, this study deals with seven independent inser- 
tion sites, 

All the transgenic mice and offspring which inherited the 
foreign gene have relatively large quantities of specific x chains 
encoded by the microinjected gene in their blood serum as 
determined by two-dimensional gel electrophoresis (not shown). 
To determine the source of these proteins, the « mRNA levels 
in different organs were analysed. RNA dot hybridization’ with 














Table 1 Relative amounts of V.M.21 RNA in different transgenic and 
normal mice 





(a) Survey of microinjected mice 


No. of copies pg « RNA per 
Mice and organs of pBI-14 gene ygtotal RNA % V,M.21 
SB spleen (5 F; 4) = 19 1.7 
Old C57BL/6 spleen — 18 0,67 
(2 F; 10) 
Na. 47 spleen 24 2547 32 
(1 F, 2M; 5.5) 
No. 48 spleen 48 4t 39 
(5 F; 2) 
No. 49 spleen 16 27 40 
(2 F, 1M; 3) 
No. 52 spleen 32 17 25 
(3 F, 2M; 3) 
No. 54 spleen 64, 24§ 27 28 
(3 F; 4) 
No. 55 spleen 32 96 25.8 
(1M; 7) 
No. 55 kidney 32 24 25.7 
(1M; 7) 
(b) « RNA in young thymus and spleen|| 
pg RNA per k RNA 
Mice and organs pg total RNA % V,M.21  thymus/spleen{ 
: 48 +Spleen 17.8 20.5 
48+ Thymus 2.3 17,2 0.12 
48 ~ Spleen 11.9 3.3 
48 — Thymus 2.4 2.4 0.22 





The values in parentheses are number sex (F = female, M = male) and 
age (in months) of the mice. In all cases, except no. 55, the organs from 
several mice were pooled before RNA extraction; 47-54 are F, offspring 
of transgenic mice. No. 55 is a first generation transgenic mouse. In a 
previous publication? on three of the mouse lines they were named A 
(now no. 48), B (no. 49) and C (no. 54). SB, normal SJL/J and C57BL/6 
mice. SB and transgenic mice same as in Fig. 1. The copy number of 
the microinjected gene in transgenic mice was estimated by dot hybridiz- 
ation of kidney DNA (47 to 54) or tail DNA (55). The copy numbers 
for mice 48, 49 and 54 are lower than previously published“ (50, 20, 95 
and 40, respectively). The previous estimates were based on.comparison 
with a pBR322 standard, whereas the values listed above were derived 
by comparison of the quantity of the C, gene with that of normal diploid 
mouse DNA and thus may be more accurate. Approximate quantities 
of total x RNA and V,M.2l-containing RNA were determined from 
dot hybridizations in probe excess, relative to a cloned DNA standard. 
After exposure of dot hybridizations to X-ray film (not shown), dots 
were cut out and counted in a liquid scintillation counter. 

* Per cent of total « RNA containing the V,M.21 sequence. 

+ We are unable to explain the very high level of x RNA in these 
mice. Three other line 47 mice were analysed individually at 3 weeks 
old and found to contain levels of « RNA in the range that is normal 
for other mice. 

tł This value may be artificially low because the RNA was partially 
“ degraded. 

§ The original transgenic mouse 54 has two insertion sites which 
segregate in offspring; both types of offspring transcribe the microinjec- 
ted gene in the spleen, but not the liver”. Of the three mice shown here, 
two had the low and one the high copy number. 

|| We examined 5}-week-old females of transgenic line no. 48 (+) or 
normal littermates (—). 

$ Relative amount of total x RNA in thymus compared with spleen. 


probes for C, and V, M.21 (the sequence specific for the microin- 
jected gene) shows that the spleens of all mice contain x RNA 
and that in transgenic mice a large proportion of this RNA 
represents V,M.21 sequences (Fig. 1). Spleens of normal mice, 
while producing similar levels of C,, do not contain sufficient 
V,.M.21 sequences to produce a signal on this autoradiograph. 
The approximate quantities of total « RNA and V,M.2I- 
containing « RNA were determined by quantitative dot 
. hybridization (Table la). In normal spleens, only 0.7-3.3% of 
the « RNA was encoded by a V,.M.21 gene. This correlates well 
|; with the fact that only 0.6-4% of the x chains present in the 
serum of normal mice contain this V region®. In spleens of 
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transgenic mice, however, 20.5-40% of the « RNA was tran- 
scribed from the microinjected gene. There is no obvious correla- 
tion between the copy number of the microinjected gene and 
the relative amount of « RNA encoded by that gene. The: 
transcripts from the microinjected k gene werg of normal size . 
in the spleens of all transgenic mice (not shown). 


contained «x RNA (see below). Nonlymphoid organs, however, : 
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Fig.1 Dot hybridization of RNA of varius organs from transgenic 
and normal mice. Dot hybridizations were prepared as described 
elsewhere”. Each dot comprised 30 ug whole cell RNA denatured: 
with glyoxal'’, The description of the mice is given in Table 1. N, 
normal mice; Te, testis; Li, liver; Ki, kidney; Sp, spleen; He, hearty»: 
Th, thymus; BM, bone marrow; Mu, muscle; Br, brain; To, thyroid. ` 
X = 90 ng poly(A)* RNA from myeloma MOPC-21. Y = 100 pg of 
unlabelled denatured probe DNA. =, No RNA added in this spot. ` 
The hybridization signals of spleen 48 RNA with M13 C, (a) and 
mpN, (b) probes were low probably because of partial RNA 
degradation. In other RNA preparations (a total of 10 no. 48 mice) 
normal k RNA levels were found (not shown). Small signals, which: 
have been lost in the photographic reproduction, were present in 
the original X-ray films of thymuses of N, 48, 49 and 52 and bone 
marrow of 48, when hybridized with the M13 C, probe. 

Methods: Hybridization conditions were 0.45M NaCl, 0.045 M 
Na-citrate, 5x Denhardt’s'® solution, 0.1% SDS, 50 pg ml! yeast 
tRNA (Sigma), 2.5 ug mi7! (poly)A, 50 ng ml”! heat-denatured 
salmon testis DNA, 25 or 50 pg mi~! 3?P-labelled nick-translated, 
heat-denatured cloned DNA probe (a-c), or cDNA from 
700 ng mi7' liver poly(A)* RNA (d), 10m! total volume per 
nitrocellulose filter, at 65°C for 24h. The specific activity of the 
probes was 2-3 x 10° c.p.m. pg™'. After hybridization, the filters 
were washed exhaustively in 30 mM NaCl, 3 mM Na-citrate, 0.05% 
SDS at 65°C. The probes were MI3 C, (a), containing 
~500 nucleotides of C, and 3’-untranslated region”; and mpN2 
(b), representing 287 nucleotides of the 3’ end of the V,M.21 
sequence. mpN2 was produced (B. Arp, unpublished) by subclon- 
ing into the Hincll site of M.13mp7 Alul-cut DNA of the phage 
M21B1 (ref. 3) containing the EcoRI insert of the MOPC-21 x 
gene. M13 clones of Alul-digested M21B1 DNA were screened 
with a short MOPC-21 V, probe, pES205 (ref. 19). The clone 
mpN2 was sequenced” and compared with the published sequence 
of V,M.21 (ref. 21) to determine that it contained no other insert 
of the « gene or phage DNA (B. Arp, unpublished). The remaining 
probes were pBR322 (c), and cDNA of liver poly(A)* RNA (d). 


Some RNA preparations from thymus and bone marrow also. 3 









Fig. 2 Size of « mRNAs in spleen cell populations. RNAs (2 pg 
“per slot, except in lane 1 where there was only a trace of RNA) 
“from the experiment shown in Table 2 were treated with glyoxal'’, 
electrophoresed in. 1.5% agarose, 10mM Na-phosphate pH 7.2, 
and blotted onto a nitrocellulose filter*. The blot was hybridized 
with the M13 C, probe as described in Fig. | legend. Lanes 1-3, 
normal littermates; 4—6, transgenic mice of line 48. 1, 4: total spleen 
‘cells; 2, 5: spleen cells released from anti-Ig; 3, 6: spleen cells 
passed through nylon wool. « Indicates the position of the « 
mRNA. 


did not contain appreciable amounts of « RNA (except the 
dneys of no. 55-—see below). Traces of x RNA were apparent 
in nonlymphoid organs after long exposure of the dots to X-ray 
Im, but these were probably due to circulating lymphocytes, 
as the levels in transgenic mice did not exceed those in normal 
Mice (not shown). All the RNAs hybridized well with cDNA 


In contrast to the other transgenic mice, mouse no. 55 showed 
a large amount of V,M.21 RNA in the kidneys. Two alternative 
explanations for this anomaly were considered: the x RNA 
ould have been derived from infiltration by lymphoid cells due 
o an unknown cause, or the microinjected gene could have 
been activated in kidney cells proper. As this mouse was sterile, 
‘we could not study its offspring, so we used the RNAs in an 
attempt to distinguish between the two possibilities. One would 
expect that, if the microinjected gene was activated in kidney 
cells proper, endogenous « genes would remain inactive. Thus, 
the ratio of V,M.21-containing x RNA to total x RNA should 
e 1.0 ifthe RNA were derived from activation of the microinjec- 
id gene in kidney cells. The ratio should be lower and approxi- 
‘mately the same as in spleen, if the RNA resulted from lymphoid 
cell infiltration. This was indeed the case-—-Table 1a shows that 
in kidney, just as in spleen, only about 26% of the x RNA was 
encoded by the microinjected gene. 

In all the transgenic mice, the microinjected pB1-14 gene is 
therefore expressed only in lymphoid cells. Next, it was impor- 
int to determine whether the gene is expressed normally within 
jie lymphoid cell lineages. Normally, only B lymphocytes, rather 
an T lymphocytes, express immunoglobulin genes at a high 
. Considerable amounts of « RNA were found in the thy- 
muses of some of the transgenic mice (lines 47, 54 and 55; Fig. 
These. transgenic mice were, however, relatively old, at an 
when the thymus has regressed in size, and is difficult to 
distinguish from hilar lymph nodes: these are rich in B lym- 
hocytes and could be the source of « RNA in thymus prepar- 
ions. 

o obtain clean thymuses, transgenic mice and normal litter- 
tes of line no. 48 were killed at 6 weeks old, when the thymus 
tge and easily separable from lymph nodes. The RNAs from 
thymus and spleen were then analysed by semiquantitative dot 
hybridization (Table 1b). The thymuses of both transgenic and 
normal mice wege found to contain some k RNA. In the trans- 
enic thymuses, this amounted to 12%, and in the normal 
thymuses to 22%. of the level in spleen. Thus, the microinjected 
gene is not expressed at a high level in thymus T lymphocytes. 










































Table 2 Separation of spleen B and T cells 





c.p.m. hybridized with 


Cell sample % B cells % T cells Ce V.M.21 
a Normal total 43 (1.00) 24 (1.00) 873 (1.00) 0 
b Released from 30(0.69) 24 (1.00) $05 (0.58) 0 
anti-Ig 
ec After nylon 1(0.02) 86 (3.86) 29 (0.03) 0 
wool 
a’ Transgenic/ 
total 46 (1.00) 32(1.00) 1,612 (1.00) 469 (1.00) 
b' Released from 22 (0.47) 45 (1.38) 866 (0.54) 268 (0.54) 
anti-Ig 
ec’ After nylon 1 (0.02) 85 (2.63) 167 (0.10) 37 (0.08) 
wool 


Spleen cells from two negative (normal) and two positive (transgenic) 
5-week-old offspring of transgenic mouse no. 48 were washed, red cells 
were lysed and the spleen cells were added to a 10-cm plastic Petri dish 
coated with 5mgml~' rabbit anti-mouse immunogloblin (Ig) and 
allowed to bind for 70 min at 4°C (ref. 15). Nonadhering cells were 
poured off and used to prepare T lymphocytes by using nylon wool 
columns'®. Loosely adhering cells were washed off. Three cell pools 
{total spleen cells (a, a’) spleen cells washed off the Petri dish (b, b’) 
and cells which passed through nylon wool (c, c’)] were analysed by 
RNA dot hybridization, RNA Northern blots, and fluorescence-acti- 
vated cell sorting [Ortho; to determine the proportions of B and T 
lymphocytes after staining with fluorescein-conjugated rabbit anti- 
mouse immunoglobulin (Cappel) or after staining with fluorescein- 
conjugated anti-Thy | (Becton Dickinson)]. From each cell pool, total 
cellular RNA was prepared, spotted onto nitrocellulose filters (10 pg 
for V.M.21, 2g for C, probe), and hybridized in probe excess with 
mpN2 (V,M21) and M13 C, After exposure to X-ray film the hybrids 
were quantified by cutting the spots from the nitrocellulose filters and 
counting them in a scintillation counter relative to blank spots. The 
values in parentheses are relative numbers of cells or c._p.m. compared 
with the unfractionated spleen cells (a, a’). 


The low levels of xK RNA in transgenic and normal thymus may 
be derived from active B lymphocytes and plasma cells inti- 
mately associated with thymocytes‘. 

Although thymocytes, which are relatively immature T cells, 
did not seem to transcribe the microinjected gene, mature T 
cells might behave differently. To study the level of transcription 
in mature T cells, enriched populations were prepared from 
spleens. Table 2 shows that in both normal and transgenic 
spleens, with a decrease of B lymphocytes the levels of x MRNA 
were coordinately decreased. Also, the cells expressing x RNA 
encoded by the microinjected gene in transgenic mice ( V, M.21- 
positive RNA) were distributed in parallel with those expressing 
total k RNA (Table 2). The decrease of x RNA in the T-cell- 
enriched population was not due to degradation of the RNA as 
shown by the mature size of the RNA on Northern blots (Fig. 
2). This experiment was repeated several times with similar 
results. When spleen B cells instead were enriched to a point 
where they represented >80% of the cell population, the 
V,M.21-containing RNA was increased accordingly (not 
shown). It can be concluded that the microinjected « gene is 
transcribed in B cells. The T cell-enriched population containing 
~1% B cells, nonetheless still contained ~8% of the V,.M.21 
RNA; rather than representing a low level of expression of the 
microinjected gene in T cells, this probably results from co- 
purification of plasma cells with T cells which increased from 
~1% in the starting population to ~4% in the T cell-enriched 
population. As plasma cells produce high levels of k RNA, 
it is likely that T cells do not express the microinjected x gene 
at all. 

Because rearranged immunoglobulin genes are normally only 
present in B lymphocytes, they are probably the only cells that 
contain the specific machinery for this type of gene shuffling. 
it is apparent from the findings in these transgenic mice, that 
the inability to rearrange is not the only factor which precludes 
immunoglobulin gene expression in other cell types. Although 














“Band T lymphocytes share many morphological and functional 
properties and are probably derived from a common stem cell’, 
only -B lymphocytes seem to possess the signals which induce 
expression of the microinjected « gene. It remains to be conclus- 
ively shown that these signals only appear in mature B cells; 
however, in the two transgenic lines for which bone marrow 
RNA was analysed, the total «x RNA level was not increased 
over that in normal bone marrow and V, M.21-containing RNA 
was not detectable (Fig. 1). As most bone marrow lymphocytes 
are pre-B cells’ it seems likely that pre-B cells do not transcribe 
the microinjected gene, that is, do not produce signals for x 
gene expression. 

We have not found any case of aberrant expression of the 
pBI- 14 gene similar to that seen by Lacy er al.’ in transgenic 
mice carrying the rabbit P- -globin gene. Statistically, this is not 
unexpected. Lacy et al? analysed about the same number of 
transgenic mice as we did and found only two cases of aberrant 
expression, skeletal muscle and testis, in separate mice (while 
none of the mice expressed the globin gene in erythrocytes). 
Their data, together with ours, suggest that the chance for 
integration into a genomic site which will be active in a particular 
tissue in an adult mouse is rather low. Given this background, 
itis striking that the pBI-14 « gene is expressed in the spleen 
of all transgenic mice carrying this « gene, that is, in all of seven 
different integrations. Integration of the microinjected pBI-14 
gene is presumably random, as different ‘junction fragments’ 
appear on Southern blots of DNA from different transgenic 
lines (not shown). It seems highly improbable that the integra- 
tion sites in these seven cases are normally active in B lym- 
phocytes and inactive in other cells. More likely, the microinjec- 
ted gene carries target sequences which allow its autonomous 
activation by B cell-specific signals. In other experiments, where 
transgenic mice lacked tissue-specific expression of a variety of 
microinjected genes’, the analogous target sequences may have 
been absent from the cloned genes. Experiments in search of 
the target sequences in the pB1-14 x gene, which may include 
a putative “enhancer’''' region in the J,—C, intron, are now 
underway. 

“We thank Ben Arp for the production and sequencing of the 

mpN2 probe and the breeding of transgenic mice. This work 
was supported by grants from NIH (CA/AI 25754, DE01600, 
HD17321) and NSF (PCM81-07172). R.L.O'B. is supported by 
a NIH predoctoral training grant, K.A.G. by a postdoctoral 
fellowship from the Cancer Research Institute. 
Note added in proof: In collaboration with O. Witte, K. Dennis 
and. J. St Claire we have recently found that certain Abelson 
virus transformed pre-B-cell lines from transgenic mice carrying 
the pB1-14 « gene produce mu-mRNA, but not the transgenic 
(or other) x mRNA (unpublished data). This suggests that 
transcription signals for mu genes are different from and precede 
those for x genes. 


Received 3 April, accepted 25 April 1984. 


. Hozumi, N, & Tonegawa, 5. Proc. natn, Acad. Sci, U.S.A. 73, 3628-3632 (1976). 
. Brinster, R. L. et al. Nature 306, 332-336 (1983). 
. Walfield, A. M., Storb, U., Selsing, E. & Zentgraf, H, Nucleic Acids Res. 20, 4689-4707 (1980), 
~ Thomas, P. S. Proc. natn, Acad. Sci. U.S.A, 77, 5201-5205 (1980), 
..Rokhlin, ©. V., Petrosyan, M. N., Ibraghimov, A. R., Vengerova, T. I. & Bogachova, G. T. 
Eur, J. Immun. 13, 397-403 (1983). 
6. Kemp, D. J., Wilson, A., Harris, A. W. & Shortman, K. Nature 286, 168~170 (1980). 
7. Cooper, M. D., Kearny, J. & Scher, I in Fundamental Immunology (ed. Paul, W. E.) 43-53 
(Raven, New York, 1984). 
8. Butcher, E. C. & Weissman, I L. in Fundamental Immunology (ed. Paul, W. E.) 109-127 
{Raven, New York, 1984). 
9. Lacy, E., Roberts, S., Evans, E., Burtenshaw, M. D. & Constantini, F. D. Cell 34, 343~358 
(1983). 
1G. Flavell, A. Nature 305, 96-97 (1983). 
HL. Chang, S.-Y., Folsom, V. & Wooley, J. Proc. natn. Acad. Sci, U.S.A, 80, 2427-2431 (1983). 
12. Emorine, L., Kuehl, M., Weir, L., Leder, P. & Max, E. E. Nature 304, 447-449 (1983). 
13. Queen, C. & Baltimore, D. Cell 33, 741~748 (1983). 
14: Picard, D. & Schaffner, W. Nature 307, 80-82 (1984). 
15. Wysocki, L. J. & Sato, V. L. Proc. nain. Acad, Sei. U.S.A. 78, 2844-2848 {1978}. 
16., Henry, ©. in Selected Methods in Cellular Immunology (eds Mishell, B. B. & Shiigi, 8. M.) 
482-185 (W. H. Freeman, San Francisco, 1980). 
17. MeMaster, O, K. & Carmichael, G. G. Proc. natn. Acad. Sci, U.S.A, 74, 4835-4838 (1977). 
18. Denhardt, D. T. Biochem. biephys. Res, Commun. 23, 641-652 (1966). 
19: Walfield, A., Selsing, E, Arp, B. & Storb, U. Nucleic Acids Res, 9, 1101-1109 (1984). 
we 20: Messing, Gu Crea, R. & Seeburg, P. H. Nucleic Acids Res. 9, 309-321 (1981). 
BRE Himin E PL HL Gait, M. J. & Milstein, C, Nucleic Acids Res, 9, 4485-4494 (1981). 


we wh 





Activated T lymphocytes produce 
a matrix-degrading 
heparan sulphate endoglycosidase 


Yaakov Naparstek*+, Irun R. Cohen*§, Zvi Fuks 
& Israel Viodavsky+ 


* Department of Cell Biology, The Weizmann Institute of Science, 
PO Box 26, Rehovot 76100, Israel 

+ Department of Medicine A, Hadassah University Hospital, 
Jerusalem, Israel 

+ Department of Radiation and Clinical Oncology, 

Hebrew University—-Hadassah Medical School, 

PO Box 12000, Jerusalem 91120, Israel 





We have previously found that lines of activated T lymphocyt 
specifically autosensitized to the basic protein of myelin (BP), © 
intravenous inoculation into syngeneic rats, were able to penetrat 
blood vessels, accumulate in the nervous system and cause exper 
mental autoimmune encephalomyelitis (EAE)'. An important ques- 
tion is how effector T cells reach such targets outside the walls o 
blood vessels. To investigate this we have studied in vitro th 
interaction of anti-BP éffector T lymphocytes with the basement 
membrane-like extracellular matrix produced by vascula 
endothelial cells. We now report that activated but not resting 
lymphocytes produce an endoglycosidase capable of degrading 
heparan sulphate side chains of the proteoglycan scaffold of th 
extracellular matrix. Moreover, the anti-BP T lymphocytes 
respond to BP presented by extracellular matrix by markedly 
enhanced elaboration of the endoglycosidase. These results suggest 
that tissue-specific antigens on blood vessel walls could direct 
lymphocyte homing by activating enzymes that facilitate penetr: 
tion of the subendothelial basal lamina. They also suggest that 
effector T lymphocytes can recognize antigen which is not associ- 
ated with a major histocompatibility complex signal. 

The experimental system described here features two 
elements: anti-BP T lymphocytes and endothelial cell cultures 
producing extracellular matrix (ECM). Our method for raising 
antigen-specific lines of helper/delayed hypersensitivity lym- 
phocytes has been described in detail’. The lines we 
maintained by culture in growth medium lacking antigen’ bt 
supplemented with a supernatant of cultures of lymphocyts 
stimulated by the mitogen concanavalin A (Con A) as a source 
of crude T-cell growth factor. Intravenous inoculation of Lewis 
rats with anti-BP line cells kept in growth medium. had n 
discernible effect on the rats. However, after reactivation of the 
cells with BP in the presence of antigen-presenting cells 
syngeneic at the major histocompatibility complex (MHC), they 
proliferated vigorously and were able to enter and accumulate 
in the thymus and central nervous system, and induce EAE (refs 
1-3). Activated anti-BP T lymphocytes blocked nerve conduc- 
tion in vitro*. Moreover, after attenuation, activated anti-BP T 
lymphocytes could be used to vaccinate rats against active 
induction of EAE (refs 5, 6). 

The bovine aortic endothelial cell system has been described 
elsewhere and shown to mimic the vascular endothelium i 
vivo™. At confluence the cells form a monolayer composed ‘of 
non-overlapping and closely apposed cells which express differ- 
entiated functions such as a non-thrombogenic apical surface 
and production of prostacyclin and anti-factor VIII antigen’® 
but most pertinent here is a massive secretion of an underlying 
extracellular matrix in a polar fashion and similar in organt 
ation and supramolecular composition (types HI, IV and V 
collagen, heparan sulphate, laminin, fibronectin) to naturally 
occurring basal laminas”'°, The results of previous studies usin 
high metastatic and low metastatic sublines of tumour cells''"! 
showed that higher amounts of heparan sulphate fragments 
released from the extracellular matrix by tumour cells correlated | 
with aia potential to penetrate blood vessels and metasta- 
size" 
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Fig. 1 Activated T lymphocytes degrade subendothelial extracel- 


lular matrix. Lewis rat anti-BP T lymphocytes were activated 72 h 
earlier by incubation with BP in the presence of irradiated 
syngeneic thymus accessory cells, or used without activation as 
described previously’. 2 x 10° activated (A) or 4 x 10° non-activated 
(O) lymphocytes suspended in RPMI medium containing 10% 
fetal calf serum were then seeded on top of the labelled extracellular 
matrix. Labelled extracellular matrix was also incubated with 
medium containing irradiated thymus accessory cells and BP 
without lymphocytes (x) or with activated lymphocytes in the 
presence of 10 pug ml~' heparin (@). The medium was collected 
after 24h at 37°C and 0.5-0.7-ml aliquots of the centrifuged 
medium applied for gel filtration on Sepharose 6B columns (0.7 x 
35 cm in most experiments and 1.1 x70 cm in some experiments) 
as described previously''. The excluded volume, V, was marked 
by blue dextran, and the total included volume V,, by phenol red. 
Similar elution profiles (K,, values) and recoveries were obtained 
whether the centrifuged media were subjected to gel filtration in 
dissociation conditions (4 M guanidine-HCL in 0.1 M sodium ace- 
tate, pH 5.5) or eluted with phosphate-buffered saline (PBS). Each 
experiment was performed at least four times and the variation in 
elution positions (K,, values) was less than 10%. Removal of any 
residual irradiated accessory cells by Ficoll-Hypaque density 
purification did not affect the results. The sulphate-containing 
moieties of glycosaminoglycans in the extracellular matrix were 
metabolically labelled by incubating subconfluent cultures of 
endothelial cells with radioactive *°S as Na,[°°S]O, which was 
taken up by the cells and incorporated into sulphated proteogly- 
cans. The endothelial cells were then removed entirely by treatment 
with 0.5% Triton X-100, leaving the underlying, labelled extracel- 
lular matrix intact and firmly attached to the tissue culture plastic 
as described elsewhere”’'®. The activity of endoglycosidases in cells 
or media was assayed by incubating the labelled extracellular 
matrix with test material and measuring the release into the culture 
medium of cetylpyridinium chloride-precipitable, **S-labelled 
material eluted in the low-molecular weight (K,,=0.63) region 
when analysed by Sepharose 6B gel filtration'’. This material 
contained mostly heparan sulphate sequences smaller than intact 
heparan sulphate side chains (K,, = 0.32) released by treating the 
extracellular matrix with papain or alkaline borohydride’”. 


Our strategy in the present study was to incubate labelled 
ECM with anti-BP T lymphocytes and assay the low-molecular 
weight heparan sulphate-containing fragments released into the 
culture medium as a measure of the degradation of the extracel- 
lular matrix by specific endoglycosidase. Figure 1 shows that 
non-activated anti-BP T lymphocytes maintained in growth 
medium had little or no enzyme activity detected during 24h 
of incubation. Populations of irradiated accessory thymocytes 
from naive Lewis rats that included normal thymus lymphocytes 
and antigen-presenting cells also showed a very low specific 
enzyme activity. In contrast, anti-BP T lymphocytes that had 
been activated 72 h earlier by incubation with BP and irradiated 
(1,500 R) syngegeic thymus accessory cells as a source of anti- 
gen-presenting cells showed high endoglycosidase activity as 
indicated by the release of low-molecular weight (K,, = 0.63, 
M, 10*) labelled degradation products. The elaboration of endo- 
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Fig. 2 Activated T lymphocytes invade cultured vascular endo- 
thelium. Activated anti-BP T lymphocytes‘ were separated by Ficoll 
density centrifugation from any contaminating accessory cells and 
incubated (2-6 h; 2x 10° cells per 35-mm culture dish) on top of 
denuded extracellular matrix (a) or intact confluent monolayers 
of bovine vascular endothelial cells (b-d). The cultures were then 
washed to remove non-adhering cells, fixed (2.5% glutaraldehyde 
in PBS) and processed for scanning electron microscopy as 
described elsewhere’. a, Adherence and extension of pseudopods 
at 12h incubation in direct contact with the extracellular matrix 
( x 1,920). About 30% of the activated lymphocytes adhering to 
endothelial cells manifested within 3h initial invasion by means 
of extension of pseudopods (b, <1,560) or penetration of the 
endothelial cell monolayers as seen after 6h of incubation (c, 
3,600; d, x3,000). 


glycosidase activity was not limited to T lymphocytes reactive 
to BP and similar results were obtained with T lymphocyte lines 
reactive to ovalbumen or to the purified protein derivative of 
Mycobacterium tuberculosis (PPD). The anti-PPD line expressed 
endoglycosidase activity on incubation with PPD but not with 
BP (not shown). 

To rule out the possible contribution of residual accessory 
cells surviving irradiation, Ficoll-Hypaque-purified activated 
lymphocytes were suspended in fresh medium, both in the 
absence or presence of 10% fetal calf serum and a similar 
degradation profile was obtained (not shown). To examine 
whether endoglycosidase was secreted, the activated lym- 
phocytes were resuspended in serum-free medium, incubated 
(48 h, 37 °C) in growth conditions and | ml of the conditioned 
medium incubated with the Na,[*°S]O,-labelled ECM. More 
than 80% of the released radioactivity was in the form of heparan 
sulphate degradation products eluted as peak II, reflecting the 
presence of a soluble endoglycosidase similar to that of intact 
activated cells (not shown). The fact that this activity was 
obtained in the absence of serum indicates that the cells secreted 
the enzyme and did not merely activate an enzyme present in 
serum. That this activity was specific for heparan sulphate was 
suggested by its inhibition in the presence of 10 ug ml! heparin 
(Fig. 1). Previous studies have shown that more than 70% of 
the **SO}> radioactivity in the labelled extracellular matrix is 
incorporated into heparan sulphate'''*. Up to 85% of this 
radioactivity was released in the form of degraded heparan 
sulphate side chains on incubation of the extracellular matrix 
with activated anti-BP cells. The low-molecular weight degrada- 
tion products were confirmed to be fragments of heparan sul- 
phate side chains by their sensitivity to deamination with nitrous 
acid'*, precipitation with 0.05% cetylpyridinium chloride in 
0.6 M NaCl (ref. 14), and resistance to digestion with papain 
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Fig. 3 Activated anti-BP T lymphocytes respond to BP-pulsed 
“extracellular matrix by augmented endoglycosidase activity, Ficoll- 
|. purified activated (@, ©) or unactivated (A, A) anti-BP T lym- 
“phocytes (4x 10°) were incubated for 12 h (activated lymphocytes) 
“cor 48h (non-activated lymphocytes) with labelled extracellular 
‘matrix. Some of the extracellular matrix-coated dishes had been 
pulsed with BP (250 ug mi~’ for 2h at 37°C) and extensively 
washed with PBS before. the addition of cells (@, A) and others 
were used without BP pulsing (O, A). The medium was then 
collected and analysed for specific endoglycosidase activity 
measured by the amount of radioactivity eluted as peak II as 
described in the legend to Fig. | and ref. 11. 


and chondroitinase ABC. Thus, activation of anti-BP T lym- 
. phocytes was associated with induction of specific heparan 
sulphate.endoglycosidase activity. 

Figure 2 shows that activated anti-BP T lymphocytes could 
invade the vascular endothelium, primarily between adjacent 
endothelial: cells adherent to the extracellular matrix. Invasion 
began by. an extension of a cytoplasmic process (Fig. 2b) in 
about 30% of the cells, in a manner similar to that observed 
with metastatic lymphoma cells'®. Non-activated line cells 
showed a significantly lower (< 10%) rate of attachment and 
invasion through the endothelial cell monolayer. Hence, the 
production of extracellular matrix-degrading heparan sulphate 
endoglycosidase by anti-BP T lymphocytes and their ability to 
invade the vascular endothelium in vitro correlated with the 
capacity of the activated lymphocytes to accumulate in the 
central nervous system and induce EAE in vivo’. 

We also investigated whether the presence of specific antigen 
bound to the extracellular matrix influenced endoglycosidase 
activity. After incubation of extracellular matrix with BP, unat- 
tached BP was washed off, and then endoglycosidase activity 
of anti-BP T lymphocytes incubated on the BP“extracellular 
matrix complex was measured (Fig. 3). We found that activated 
anti-BP T lymphocytes responded to the BP-extracellular matrix 
complex by a markedly increased endoglycosidase activity rela- 
tive to that observed when incubated with matrix alone for only 
12h, too short a time to detect appreciable enzyme activity 
produced by activated lymphocytes on untreated matrix. Non- 
activated anti-BP T lymphocytes showed little or no specific 
enzyme activity over 48h of incubation whether or not the 
extracellular matrix was pulsed with BP (Fig. 3). In a series of 
four experiments, we estimated that the BP-extracellular matrix 
complex elevated the endoglycosidase activity expressed by the 
anti-BP lymphocytes by about fivefold. Thus, the presence of 
BP antigen bound to the ECM triggered augmented expression 

vof the enzyme. Activated lines of T lymphocytes specific for 
purified protein derivative did not respond to the BP-extracel- 
lular matrix complex (not shown). Measurement of incorpor- 
_ation'of >H-thymidine into DNA demonstrated that the BP- 
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Fig. 4 Non-activated T lymphocytes respond to Con A-pulsed. 
extracellular matrix by augmented endoglycosidase activity. Ficoll- 
purified non-activated anti-BP T lymphocytes (1 x 10°). were incu 
bated (48 h, 37 °C) with untreated labelled extracellular matrix (@ 
or with labelled matrix that had been pulsed with 250.42 ml”! Con 
A (Miles Yeda) for 2 hat 37 °C, followed by five washes with P. 

(A). The medium was then centrifuged and analysed by gel filtra: 

tion as described for Fig. 1. 


extracellular matrix complex did not induce proliferation 
anti-BP T lymphocytes (not shown). ae 

Figure 4 shows that specific enzyme activity could be induced 
by incubating for 48 h non-activated anti-BP line lymphocytes 
with extracellular matrix that had been treated with the T lyr 
phocyte mitogen Con A. Activated T lymphocytes responde 
to Con A-treated extracellular matrix within 12 h (not shown), 
The induction of enzyme activity by the Con A-extracellu 
matrix complex was not accompanied by proliferation. of the 
line cells (not shown). We do not as yet know why BP-extrace 
lular matrix induced augmented endoglycosidase activity onl 
in activated anti-BP T lymphocytes, while Con A—extracellular 
matrix induced a high enzyme activity in either activated 
non-activated anti-BP T lymphocytes. In any case, the absence. 
of lymphocyte proliferation in the presence of BP or Con A was 
functional evidence of the absence of accessory cells that could 
have presented BP or Con A. À 

The present finding that rat T lymphocytes of the helper, 
delayed hypersensitivity class recognized antigen or mitogen. 
associated with extracellular matrix of bovine origin in the 
absence of syngeneic MHC accessory cells indicates that associ 
ation of antigen with MHC may not be a universal requirement 
for recognition by T lymphocytes, and implies that. T lym- 
phocytes might have receptors capable of recognizing and 
responding to antigen alone (see ref. 15). But it is clear that. 
activated T lymphocytes, like metastatic tumour cells'®!3, have 
molecular machinery for penetrating the vascular basal lamina. 
and that specific antigen leaking from the target and sequestere 
by the extracellular matrix may direct the expression. of thi 
potential. 
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lyasthenia gravis is one of the best characterized human autoim- 
une disorders’. Circulating autoantibodies to the nicotinic 
acetylcholine receptor (AChR) at the neuromuscular junction play 
prominent part in the effector phase of the disease“, but little 
is known about the induction phase, that is, the immunoregulation. 
Indirect evidence, such as thymic abnormalities’ and the associ- 
ation with certain histocompatibility antigens (for example HLA- 
BS,-DR3*") suggests a defect of immunoregulation at the level of 
thymus-dependent (T) lymphocytes. We report here on the isolation 
autoreactive T cells from six patients with myasthenia gravis. 
From one of these patients, who is homozygous for HLA-DR3, 
@ established a long-term T-cell line. The line cells are specific 
for purified fish and human AChR, display the surface phenotype 
of inducer/helper T cells and are genetically restricted to HLA- 
DR3. AChR-induced proliferation could be inhibited with two 
monoclonal antibodies against monomorphic DR determinants and 
also with DR3-specific alloantiserum. 

“dt is known that peripheral blood mononuclear cells (PBM) 
om 50-70% of patients with myasthenia gravis, but not from 
héalthy donors, proliferate weakly when cultured with AChR 
from fish electric organs'*? or with human receptor’. As a 
prerequisite to the isolation of AChR-reactive T lymphocytes 
from the peripheral blood, we identified six ‘AChR-responders’ 
among our patients (see legends to Figs 1, 3). PBM from these 
atients were stimulated with Torpedo AChR or with tuberculin 
PD) in bulk cultures. The reactive lymphoblasts were then 
separated from the unstimulated cells by centrifugation on 
liscontinuous Percoll density gradients and propagated and 
expanded in number in the presence of T-cell growth factor 
(interleukin-2). With this protocol it was possible to select 
mimunospecific T-lymphocyte populations from the peripheral 
blood which were enriched several hundredfold in reactivity 
to the respective antigen (Fig. 1). Long-term cultures (> 4 weeks) 
of selected lymphocytes required repeated restimulation with 
the respective antigen plus mitomycin C-treated PBM 
asa source of antigen-presenting cells. AChR-reactive T cells 
om one of the six patients (patient 1) could be expanded 
greatly in number and have been maintained in continuous 
culture for over6 months as a long-term cell line. Several putative 
b-‘clones', which were derived from single cells of the original 
line by limiting dilution", had essentially the same characteris- 
esin terms of AChR reactivity, genetic restriction and 
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Fig. 1 Purification of AChR- or PPD (purified protein derivative 
of tuberculin}-specilic T cells from the peripheral blood of a patient 
with myasthenia gravis who was reactive against ACHR and PPD 
(patient 2; see below). Proliferative response (c.p.m.ts.d.) in 
microproliferation assay of unselected PBM (top) or selected lym- 
phocytes (middie and bottom). The antigen-induced response of 
10° purified blast cells was tested after 5~10 days of propagation 
with interleukin-2 (see below) and was approximately 10 times 
higher than that of 2 x 10° unselected fresh PBM (enrichment factor 
200). The corresponding initial enrichment factors of AChR- 
specific T cells in five additional patients were 160 (patient 1), 140 
(patient 3), 80 (patient 4), 160 (patient 5), and 60 (patient 6). œ, 
No antigen added. 
Methods: PBM were isolated by centrifugation on Ficoll-Hypaque 
ee a For the microproliferation assay of unselected PRM, 
x 10° cells were -o in triplicate in round-bottom microtitre 
wells (Nunc) in 0.2 ml of RPMI 1640 (Gibco) supplemented with 
10% inactivated Gs °C, 30min} pooled human serum (or with 
10% fetal calf serum (FCS) where indicated), 2mM L-glutamine, 
100 U per ml penicillin, 50 pg mi”! streptomycin (culture medium) 
and antigens, Torpedo ACHR (Sug ml"'), PPD ( Behringwerke: 
1 pe ml i), or phytohaemiagglutinin (PHA, Wellcome; I pg ml7!). 
The purification of Torpedo (and human, see Fig. 2) AChR by 
chromatography on Naja naja siamensis a-neurotoxin affinity 
columns was performed as described previously"2*, The specific 
activities were 5-7,5 (Torpedo) and 4 (human AChR) nmol a- 
bungarotoxin binding sites per mg protein. After 72 h the cultures 
were pulsed with *H-thymidine (1 pCi per well, specific activity 
5 Ci mmol’, Amersham) for 16h. The cells were collected with a 
Titertek multiple harvester and thymidine incorporation was 
measured in a liquid scintillation counter. Antigen-specific cells 
were selected as follows: PBM were incubated in 10 ml plastic 
tubes in culture medium containing 5 pg mi"! Torpedo ACHR or 
Iugml”' PPD (4x 10° cells per ml per tube) for 4 days. The 
lymphoblasts generated were isolated on a discontinuous Percoll 
(Pharmacia) density gradient”. The blasts were seeded at 1 x 10° 
cells per ml per well in 24-well Costar culture plates in culture 
medium supplemented with 7.5% of a commercial interleukin-2- 
containing preparation (Lymphocult T, Biotest), that is, propaga- 
tion medium. After 5-10 days of culture in propagation medium, 
the purified cells were tested for proliferative activity: | x 10" cells 
were cultured with or without 210° mitomycin C-treated PBM 
in the presence or absence of antigen as described for the micropro- 
liferation assay of unselected PBM. 


phenotype (see below), indicating that the long-term cell line 
is probably composed of only a small number of diverse clones. 

Several lines of evidence indicate that the long-term cell line 
represents purified autoreactive T lymphocytes. (1) The cells 
which were selected and propagated exclusively with Torpedo 
AChR also react with purified human AChR (Fig. 2). This 
suggests that the cell line is indeed reactive against self-AChR 
and not against some other component which might contaminate 
the purified AChR preparations. (2) The line is composed 
exclusively of T cells. This is reflected by the fact that autoldgous.. 
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= Fig. 2 Autoreactivity of the long-term T-cell line (patient 1). 
“ACHR response (c.p.m. + s.d., triplicate cultures) in microprolifer- 
ation assay (see Fig. 1) of 1x10" line cells after 12 weeks of 
continuous culture. Open bars: no antigen-presenting cells added. 
Hatched bars: 2 x 10° mitomycin C-treated autologous PBM added. 
The cell lines reacted with both Torpedo (5 wg ml~') and human 
(5 wg ml!) AChR (see legend to Fig. 1). 
Methods: The long-term cell line was established as follows: 
Immunospecific, AChR-reactive T cells were selected with Torpedo 
AChR as described in Fig. 1. Every 4 days the cells were reseeded 
at | x 107 per ml in fresh propagation medium. Intermittently (every 
8-12 days), cells were stimulated with 5 pg mI} Torpedo ACHR 
plus 1x10" mitomycin C (Sigma)-treated (50 pug mi™; 30 min) 
syngeneic PBM per 10° blasts per mì of culture medium. 


mitomycin C-treated PBM are required as a source of antigen- 
presenting accessory: cells (Fig. 2). (3) Purity of the line was 
also established by its complete loss of alloreactivity which is 
a hallmark of unselected T-cell populations. Loss of alloreac- 
tivity made it possible to determine the genetic restriction of the 
long-term cell line and of purified AChR-reactive T cells from 
the five other patients in co-cultures with antigen-presenting 
cells from partially histoincompatible donors. AChR-induced 
proliferative responses of the purified T cells were restricted to 
HLA-DR in all six patients (Fig. 3). 

In all six patients, the AChR-specific T cells were examined 
repeatedly for their surface differentiation markers'®, After 
“ more than 4 weeks of continuous culture, the cells uniformly 
(>99%) had the phenotype of activated, proliferating 
inducer/helper T lymphocytes (OKT3°4°8710711"), as assessed 
by fluorescence microscopy using mouse monoclonal antibodies 
against human leukocyte differentiation antigens (Ortho) and 
standard indirect immunofluorescence techniques. A high pro- 
portion (85% ) of the cells reacted strongly with several mono- 
clonal antibodies against monomorphic HLA-DR determinants 
(OKIal, Ortho; L243, Becton-Dickinson; MAS 053 and 054, 
Sera-Lab) and also (80-85% ) with two monoclonal antibodies 
against DR B-chains (DA6. 164, DA6, 231; provided by Dr K. 
Guy'®) and a monoclonal anti-DR3 antibody (16.23; provided 
by Dr J. Johnson”). 

Functional assays of anti-DR antibodies (dialysed extensively 
against medium before use in tissue culture) were performed 
with the DR3-positive long-term cell line. DR3-specific alloan- 
_-tiserum not only stained the line cells by immunofluorescence 
“but also inhibited AChR-induced proliferation (Fig. 4). The 
- monoclonal anti-DR antibodies L243 and MAS 054 were also 
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Fig. 3 Genetic restriction by HLA-DR3 and loss of alloreactivit 
of the autoreactive line T cells (patient 1). 1 x 10* line cells:werè 
cultured alone or with 2x10% mitomycin C-treated PBM ‘from 
HLA-typed (standard microcytotoxicity assay) donors as described’ 
(Fig. 1) except that the culture medium contained 10% S 
(Gibco) instead of human serum. In the absence of antigen {o 
columns), background proliferation was low irrespective of: 
HLA-type of the accessory cells, that is, alloreactivity of the T 
cells was not detectable. AChR-induced proliferation. (solid 
columns) was absolutely dependent on the presence of acces: Ory” 
cells from donors who shared the HLA-DR3 histocompatibility: 
antigen with the donor of the line cells (DR3, 3: top). Patient Lis 
HLA-homozygous as shown by analysis of her parents’ HLA 
phenotype (HLA Al, 2; B8, w44; Cw5, w7; DR3, 4and HLA ALS? 
B8, w44; Cw5, w7: DRI, 3). The five additional patients:.were- 
typed as DR3, 7 (patient 2),.DR2, w8 (patient 3), DR3, 5 (patient 
4), DRS,- (patient $), and DRI, 4 (patient 6). AChR-reactive 
cells from these patients were restricted to both parental 
haplotypes: patient 2 showed a preferential restriction to DR3. : 


(2 h) of antigen presenting cells with the anti-DR antisera; but 
not of the responding T cells, indicating that it occurred. at 
level of the antigen-presenting cells, Irrelevant control ant 
bodies (anti-CALLA, Becton-Dickinson) and monoclonal ant 
bodies against HLA-DC-related determinants (Leu-10, Becto: 
Dickinson) and against polymorphic DR determinants (MAS 
044, Sera-Lab; anti-DR4/DRS5/DR7_ alloantisera, Biotest, 
Frankfurt) did not inhibit AChR-induced proliferation. 
Functional activity of AChR-reactive T cells was tested in 
co-cultures with autologous PBM following the protocol out- 
lined in ref. 18. Briefly, PBM or isolated B lymphocytes were 
cultured in the presence of pokeweed mitogen (PWM; Gibco) 
or various concentrations of Torpedo AChR (10-ng mi- 
10 wg ml7') with or without various numbers of added AChR- 
specific autologous T cells. Anti-AChR antibody was measure 
in a modified standard radioprecipitation assay'?”° in culti 
supernatants obtained after 4, 8 and 12 days of culture..So fa 
only in one of the six patients (patient 1) were anti-AChR 
autoantibodies detectable in PWM-stimulated cultures 
(4fmol ml”! at day 8; controls below 2fmol ml”'), These find- 
ings confirm that AChR-specific B cells may be a limiting factor 
in the induction of an in vitro antibody response by. PBM in 
myasthenia gravis patients”. It cannot, therefore, be conclude 
with certainty that AChR-reactive (‘delayed-type hypersensitiv 
ity’) T cells are functional helper cells. However, their 
OKT4°OKT8™ phenotype and their restriction by class Tl major 
histocompatibility complex molecules indicates that we have 
selected regulatory T cells. This would be supported by recent 
experiments showing that our long-term cell lines have the 
capacity to produce interleukin-2 (B. Fleisch€r, unpublished 
observations). Moreover, previous findings*** in the exper 
mental autoimmune myasthenia gravis model showed that. 


AChR-reactive T-cells exert helper function in vivo. 
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Fig.4 Inhibition of AChR-induced proliferation (c.p.m. + s.d.) of 
the autoreactive, DR3-positive long-term T-cell line (patient 1) 
with anti-DR3 alloantiserum. The cells were cultured as described 
in Fig. | in the presence of an optimal stimulating concentration 
<= of Torpedo AChR (5 wg mi~’) and various concentrations of throm- 

'-bocyte-absorbed DR-specific alloantisera (Biotest; anti-DR3: lot 
no, 111952: anti-DR4: 112042: anu-DR5: 112331; anti-DR7: 
“112052; all antisera were dialysed against medium before use in 
tissue culture). Only anti-DR3 antiserum inhibited AChR-induced 
proliferation. Hatched area: range of background proliferation in 
the absence of antigen. 


Our results suggest that autoreactive inducer T cells or 
their precursors may initiate and/or regulate the production of 
-myasthenogenic anti-AChR autoantibodies in vivo. The finding 
thatthe cells react both with Torpedo and human AChR suggests 
at antigenic determinants shared between fish and mammalian 
AChR at least participate in the primary autosensitization 
event'®*| although our propagation protocol (using Torpedo 
AChR) was likely to select for T-cell clones cross-reactive with 
Torpedo and human AChR. The observation that the AChR- 
pecific T cells were, in three patients, restricted either partially 
ör exclusively to HLA-DR3 leads us to speculate that the (weak) 
association of certain forms of myasthenia gravis with HLA- 
B8/DR3 (refs 8, 9) may partially reflect the recognition by 
wutoreactive T lymphocytes of self-AChR and, possibly, other 
autoantigens” in the context of DR3-related determinants. 
Purified autoimmune human T cells seem to represent an ideal 
tool for further studies on autoimmune disease. 
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The cat retinogeniculocortical pathways are organized chiefly into 
two parallel independent neuronal streams, one involving X-cells 
of the retina and lateral geniculate nucleus, and the other, Y- 
cells'*. Development of the Y-cell pathway is more seriously 
affected by visual deprivation than is the X-cell pathway?" and we 
reasoned that some insight into the underlying mechanisms of 
these effects could be gained from studies of normal development. 
We therefore injected horseradish peroxidase into physiologically 
identified X- and Y-cell retinogeniculate axons to examine the 
postnatal development of their terminations in kittens. As we report 
here, at 3~4 weeks of age, most optic tract axons can be identified 
physiologically as members of the X- or Y-cell class. X-cell ter- 
minal fields in lamina A or Al are wider at 3-4 weeks than they 
are in adults, while Y-cell terminal fields are narrower than in 
adults*®, During the second and third postnatal months, X-cell 
terminal arbors progressively contract while Y-cell arbors expand 
so that, by 12 weeks of age, the adult pattern is seen. These data, 
and the results of our earlier study of the effects of monocular lid 
suture on these terminal arbors“, suggest that enlargement of 
Y-cell terminations in geniculate lamina A or Al during develop- 
ment may be accompanied by competitive pruning of X-cell termi- 
nations within these same laminae. 

Experiments were performed on three groups of kittens: 17 
at 21-30 days old (the 3~4-week old group), 5 at 51-62 days 
old (the 8-week old group) and 5 at 81-91 days old (the 12-week 
old group). Animals in the 3—4- and 8-week old groups were 
anaesthetized with 1-2% halothane and paralysed with gal- 
lamine triethiodide ; a respirator was used to hyperventilate them 
slightly with a mixture of 70% nitrous oxide, 29% oxygen and 
1% carbon dioxide”. Our physiological and morphological 
methods for the 12-week old kittens were the same as those 
described previously for adult cats**. Briefly, micropipettes con- 
taining horseradish peroxidase (HRP) were used to record 
retinal fibres in the lateral geniculate nucleus (LGN) or in the 
subjacent optic tract. Each axon was identified as an X- or Y-cell 
on a battery of tests, including receptive field size, linearity of 
spatial and temporal summation, and axonal conduction veloc- 
ity”'° (the application of these tests to kittens is described more 
fully below). The axon was then impaled and injected with HRP. 
A total of 190 retinal axons were recorded in these kittens and 
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X - CELL AXONS Y ~ CELL AXONS 


Retinogeniculate arbors from single axons in kittens. Each axon is illustrated by a pair of drawings: left, a lower-power drawing of 


1 Fig. 4 
<oothe arbor in the LGN; right, a higher-power drawing limited to the terminal boutons in lamina A or Al. The scale bar in the centre of the 

` figure applies to all pairs (a-d) and represents 500 pm for the lower-power drawings and 100um for the higher-power ones. a, X-cell axon” 
from the ipsilateral retina in a 30-day old kitten, The cell has an on-centre receptive field 2.0° in diameter located. 26° from the vertical merid 
and 38° below the horizontal zero parallel. Its latency to optic chiasm stimulation was 1.6 ms. Its responses to a counterphased, sine- wave 
grating exhibited linear spatial and temporal summation. This axon had 1,073 boutons in lamina Al. For comparison, X-cell axons from 


normal adult cats similarly analysed had 526-915 boutons in lamina A or Al’. b, ¥-cell axon from the contralateral retina in a 23-day old: 
kitten. The cell had an on-centre receptive field 3.3° in diameter located 5° from the vertical meridian and 6° below the horizontal zero parallel... 
Its latency to optic chiasm stimulation was 1.1 ms and its responses to a counterphased, sine-wave grating exhibited nonlinear summation.’ 
The axon had 565 boutons in lamina A, whereas 4 Y-cell axons from normal, adult cats similarly analysed had 651-1,405 boutons in lamina. 
A or Al‘, c, X-cell axon from the contralateral retina in an 81-day old kitten. The cell had an on-centre receptive field 0.9° in diameter located: 
35° from the vertical meridian and 1° below the horizontal zero parallel. Its latency to optic chiasm stimulation was 1.2.ms and it responded 
linearly to gratings. The terminal field in lamina A had 573 boutons. d, Y-cell axon from the contralateral retina in an 86-day old kitten. The: 
cell had an off-centre receptive field 2.0° in diameter located 5° from the vertical meridian and 21° below the horizontal zero parallel. Its” 
latency to optic chiasm stimulation was 0.6 ms and it responded nonlinearly to gratings. The terminal field in lamina A had 1,170 boutons. 


of these, 65 were successfully filled with HRP and morphologi- 
cally analysed. Brains were sectioned coronally or sagittally at 
100 um and reacted with 3-3’-diaminobenzidine with cobalt 
intensification!’ 

Physiologically, the 75 retinal axons recorded in 3~4-week 
old kittens could follow high frequencies (> 100 Hz) of optic 
chiasm stimulation but had longer latencies to such stimulation 
than did axons in older kittens or adults. Although nonlinear 
responses to counterphased sine-wave. gratings were sometimes 
variable in young kittens’'*:?, these responses could nonetheless 
be reliably detected when ‘null positions’? were used to mini- 
mize the linear response component. In the 3—4-week old kittens, 

the overwhelming majority of axons (46 of 49) identified as 
> Y-cells had frequency-doubled, nonlinear response. Twenty-six 

axons identified as X-cells exhibited only linear responses. Y- 
cells exhibited a shorter latency to optic chiasm stimulation 

(mean 0.9 ms, range 0.6-1.2 ms) than did X-celis (mean 1.7 ms, 

range 1.2~2.5 ms). Receptive field centres for these cells in 3~4- 

week old kittens were roughly four times as large as in adults 
(mean for kitten X-cells 2.1°, range 1.0-5.0°; mean for kitten 
Y-cells 4.0°, range 1.7-7.5°; see ref. 12) and lacked detectable 
antagonistic surrounds. Y-cell receptive field centres were larger 
than X-cell centres at similar eccentricities. The three axons 
exhibiting only linear responses which were identified as Y-cells 
had chiasm latencies (0.9-1.1 ms) and field centres (3~4.5°) 
comparable with nonlinear Y-cells. Such ‘linear’ Y-cells have 
also been described in the kitten LGN”. None of these three 
was recovered histologically. 
By 8 weeks of age, receptive field properties of the 54 recorded 
axons (29 X-cells and 25 Y-cells) were more adult-like than at 
~ 3~4 weeks of age. Compared with receptive fields of the younger 
ittens, those of 8-week old kittens were smaller and often 
comparable with adult sizes (see ref. 14), their surrounds were 
_ more developed and the nonlinear responses of the Y-cells were 
































stronger and more stable. At 12 weeks of age, the 30. X-cell 
and 31 Y-cells were physiologically almost indistinguishabl 
from those in adults!" 

Morphologically, X- and Y-cell terminations in 3~4-week ol 
kittens clearly differed from those in adults both in the geometry. 
of terminal zones in the A-laminae and in the sizes and shapes 
of individual terminal boutons. These differences were less pro- 
nounced at 8 weeks of age and by 12 weeks of age terminal 
fields appeared quite adult-like. 

We successfully injected and recovered 10 X-cell and 12 Y-cel 
retinogeniculate axons in 3~4-week old kittens. Figure 1a,c ill 
trates representative X- and Y-cell terminal fields from thes 
kittens. The X-cell axon arises from the ipsilateral retina, its. 
terminal field is confined to lamina Al of the LGN and it has 
a large number of boutons within a broad terminal field. The’ 
Y-cell axon from the contralateral retina innervates laminae ‘ 
and A as well as the medial interlaminar nucleus of the LGN 
Its terminal field. in lamina A is quite narrow and sparse, wit 
fewer boutons, compared with either X-cell arbors at simila 
ages or Y-cell terminal arbors in adults. 

We have also recovered 12 X- and 7 Y-cell retinogeniculate 
axons from 8-week old kittens and 12 X- and 12 Y-cell axon: 
from 12-week old kittens. Figure 1b,d illustrates representative’ 
arbors of an X- and a Y-cell from a 12-week old kitten. These. 
arbors are not obviously different from those in adults’, but they: 
do differ from arbors in younger kittens. The X-cell terminal: 
arbor in the A-laminae is much broader in the 3-4-week old 
kitten than in the 12-week old kitten, while the Y-cell.arbor in. 
the A-laminae is narrower and sparser in the 3—4-week old kitte 
than in the 12-week old kitten. 

Figure 2 summarizes the postnatal developnrent of terminal: 
arbor widths in the A-laminae of X- and Y-cell retinogeniculate:. 
axons and also shows data from 16 X- and 12 Y-cell axons from- 
adult cats*. X-cell axons gradually decrease in terminal arbor 
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Fig. 2) Maximum width of axon terminal arbors (mean+s.d.) in 


lamina A or Al as a function of postnatal age. 


a width from 3—4 weeks of age until 12 weeks of age, while Y-cell 


es 


axons increase in width to 12 weeks of age and beyond to-adult 
values. Both trends are significant (P<0.01 on a y° test). Fur- 


thermore, the X- and Y-cell widths at 3-4 weeks are each 


significantly different from the corresponding values in 12-week 


old kittens or adults ( P < 0.05 for the X-cell comparison between 


3—4 and 12 weeks of age; P<0.01 for the other comparison; 
Mann-Whitney U-test). 

In addition to these postnatal changes in the geometry of 
terminal arbors, individual boutons also mature betwen 3 and 
12 weeks postnatally'®'’. Figure 3a illustrates a portion of the 
terminal field of an X-cell axon from a 27-day old kitten. 
Terminals at this age are often small and irregularly shaped 
compared with the well formed terminals seen at 12 weeks of 
age (Fig. 3b). Many terminals in the 3—4-week old kittens have 


_ spike-shaped or filopodial endings with growth-cone-like 


= extensions (see ref. 17). Nonetheless, the clustering of terminals 


to be generated earlier"? and may innervate the LGN earlier 


characteristic of X-cell arbors in 12-week old kittens (Fig. 3b) 
or in adult cats* already exists in the younger kittens studied 
(Fig. 3a). A Y-cell arbor in a 23-day old kitten (Fig. 3c, d) 
exhibits terminal morphology similar to that of the immature 
X-cell axon. In particular, Y-cell axons also exhibit numerous 
filopodial endings and terminations, and the swellings them- 


_ selves appear generally smaller than those in |2-week old kittens 


(Fig. 3e) or adults*. 
The present results indicate that, during the critical period 


for visual development'®, there is dynamic shaping of the ter- 


minal boutons and terminal arbors of retinal X- and Y-cell axons 


_ in the LGN. Compared with retinal Y-cells, retinal X-cells seem 


6,20 


Therefore, by a process analogous to that suggested for other 


developing systems*', X-cell axons may initially have abundant 
4 ping y 


terminations that retract or become pruned as Y-cells sub- 
sequently establish their arbors in the LGN, and the retraction 
of X-cell arbors and expansion of Y-cell arbors may occur by 


-a process of mutual competition. Because much of the Y-cell 


expansion occurs during the critical period, eyelid suture during 
this time may interfere with the ability of Y-cell arbors to 
compete successfully for terminal space with the already 


_ developed X-cell arbors. Indeed, within the A-laminae, many 





X- and Y-cell arbors from the deprived eye of monocularly 
sutured cats exhibit geometry similar to that in 3-4-week old 
kittens and unlike that in adults’. It is also possible that the 
normal growth of Y-cell arbors and shrinkage of X-cell arbors 
are developmental processes independent of one another, that 
they involve no competitive interactions and that deprivation 
simply retards these developmental processes. However, Sur et 
al? showed that retinogeniculate Y-cell axons from the deprived 
eye develop normally where X-cell arbors are never substantively 
present (that is, in lamina C) and that these Y-cell arbors fail 
to develop normally only in the presence of X-cell arbors (that 
is, in the A-laminae). This suggests that the development of 





Fig.3 Morphology of retinogeniculate terminal endings in kittens. 
a, Portion of X-cell terminal field in a 27-day old kitten. Arrows 
indicate filopodial or spike-shaped endings characteristic of ter- 
minals at this age. Scale bar, 25 um, applying to b-e also. b, Portion 
of X-cell terminal field in a 91-day old kitten. Terminals have the 
form and features characteristic of adult X-cell axons. c, d, Portions 
of Y-cell terminal field in a 23-day old kitten, Arrows again indicate 
filopodial endings. Y-cell terminal fields are much sparser than 
X-cell arbors at this age. e, Portion of Y-cell terminal arbor in a 
91-day old kitten showing adult-like terminal morphology. 


retinogeniculate X- and Y-cell arbors is truly a competitive 
process. 

Finally, we note that the pruning of X-cell arbors and growth 
of Y-cell arbors within individual lamina A or Al probably 
occurs independently of the segregation of afferents from the 
two eyes within the LGN. The latter occurs prenatally” and 
does not seem to involve significant initial proliferation and 
later pruning of terminal fields”. Interactions between X- and 
Y-cell retinogeniculate terminations from the same eye appear 
to be superimposed postnatally on an afferent population that 
has already segregated into geniculate laminae. 

We thank Joan Sommermeyer and Angelo Gero for technical 
assistance. This work was supported by USPHS grants EYO5241 
(M.S.), EY05674 (R.E.W.) and EY03038 (S.M.S.). 
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It is widely thought that c-onc genes (or proto-oncogenes)—the 
cellular progenitors of retroviral transforming genes—are involved 
in cellular differentiation and/or proliferation. Such ideas origi- 
nate primarily from the ability of y-onc genes and ‘activated’ c-onc 
genes to induce uncontrolled cellular proliferation, and their 
capacity to arrest or interfere with differentiation processes in 
some systems. Haematopoietic cell populations provide additional 
support for these ideas as c-myb RNA is present in cell lines 
corresponding to immature, but not mature, cell types'?, and 
elevated levels have been found in tissues that are active in 
haematopoiesis**. We have now examined the effects of induced 
differentiation on c-onc gene expression in a murine myeloid 
leukaemia cell line, WEHI-3B (‘D*’ subline)“. Our results show 
that the expression of c-myb and c-myc, at the level of transcrip- 
tion, decreases only at late stages in the monocytic differentiation 
of WEHI-3B cells, while expression of c-fos increases markedly. 
We suggest that c-myb and c-myc do not themselves control 
myeloid differentiation, but that they function in the maintenance 
of the proliferative state of myeloid cells. The induction of c-fos 
may reflect its role in some macrophage-specific functions. 

The cloned myelomonocytic leukaemia WEHI-3B can be 
induced to differentiate to both monocytes (macrophages) and 
granulocytes by granulocyte-colony stimulating factor’ (G- 
CSF***). However, because G-CSF alone does not induce com- 
plete differentiation in cultures of a few days’ duration, we have 
used G-CSF plus a low concentration of actinomycin D, a 
combination which Cooper et al.’ have shown efficiently induces 
predominantly monocytic differentiation of WEHI-3B cells. In 
our hands, G-CSF plus actinomycin D routinely induced differ- 
entiation in ~90% of the WEHI-3B cells after 2 days’ exposure. 
However, the degree of differentiation at this time varied 
between experiments, with differing proportions of pro- 
monocytes (Fig. 1b) and mature monocytes (Fig. Ic) being 
present (Table 1, expts 2-4). In all experiments, most cells were 
classified as mature monocytes by 3 to 4 days. 

In order to examine c-onc expression in WEHI-3B cells, 
polyadenylated RNA was fractionated by formaldehyde- 
agarose gel electrophoresis and transferred to nitrocellulose 
filters. Hybridization to radiolabelled probes derived from 
cloned onc genes revealed the presence of transcripts corre- 
sponding to c-abl, c-Ki-ras, c-fms, c-fes, c-Ha-ras, c-myb, c-myc 
and c-fos. The c-abl and c-Ki-ras transcripts (Fig. 2) were of 
similar sizes to those reported elsewhere (refs 8 and 9, respec- 
tively). WEHI-3B cells contain two c-fms transcripts of 4.1 and 
8.4 kilobases (kb) (Fig. 2), the smaller of which probably corre- 
sponds to the 3.7-kb transcript seen in mouse placental tissue’. 
The c-fes gene is also transcribed in WEHI-3B, giving rise to a 
singlé 3.2-kb RNA species. Although the size of the c-fes tran- 





Fig. 1 Morphology of WEHI-3B cells undergoing monocytic 
differentiation. a, Undifferentiated WEHI-3B cells; b, promono- 
cytes; c, monocytes appearing after induction of differentiation. 
Methods: WEHI-3B cells (D* subline)* were grown as described 
previously and treated with 370 U ml”! G-CSF (partially purified 
by gel filtration from post-endotoxin serum)**” plus 5 ng ml7! 
actinomycin D. Cytocentrifuge preparations were stained with 
May-Grinwald/ Giemsa. 


script has not previously been reported, we note that the avian | 
homologue of c-fes (c-fps) is transcribed'' and its product — 


expressed’? in haematopoietic cells. Transcription of c-fes and 
c-fms is under investigation and will not be dealt with further 
here. No transcripts of c-sre, c-sis, c-mos, c-erb-A or c-erb were 
detected. 

Marked changes were observed in the levels of c-myb, c-myc 
and c-fos RNAs following induction of differentiation. For 
example, expt | (Table 1, Fig. 3) shows that differentiation of 
WEHI-3B cells to monocytes after 3 days of treatment with 
G-CSF plus actinomycin D resulted in a substantial decrease 
in the levels of c-myb and c-myc (6-fold and 10-fold, respectively, 
determined by optical densitometry of the autoradiograms), 
while transcription of c-fos increased (11-fold) and c-Ha-ras 
transcription was essentially unaltered. 

To further correlate these changes in c-onc gene expression 
with different stages of WEHI-3B cell maturation, cells were 
collected after varying periods of induction, and independent 
experiments were compared in which the time course of differ- 
entiation had varied (Table 1, Fig. 3, expts 2-4). In expt 2, in 
which induction of differentiation for 2 days resulted in the 
differentiation of most of the cells to promonocytes, no sig- 
nificant changes in c-myb or c-myc RNA levels were observed. 
Furthermore, in expt 3, where most of the cells were classified 
as mature monocytes after 2 days’ treatment (confirmed by 
staining cells for nonspecific esterase activity” and by monitor- 
ing the suppression of clonogenicity in soft agar cultures*), only 
a slight decrease in the levels of c-myb and c-myc was detected. 
This experiment shows that cells which had only just reached 
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the monocyte stage at day 2 (few mature monocytes were ever 
_ observed before day 2) still contained the relatively high levels 
of c-myb and c-myc RNA which are characteristic of undiffer- 
= entiated and intermediate-stage cells. However, by 3 to 4 days’ 
~ treatment in all cases (expts 1, 3, 4), the levels of c-myb and 
F c-myc RNAs had fallen dramatically (Fig. 3; c-myb data for 
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A Fig. 2 Transcripts of c-abl, c-Ki-ras, c-fms and c-fes in undifferentiated 
- WEHI-3B cells. The sizes, in kilobases, of the major transcripts for each c-one 
ia gene are indicated. 
Methods: Polyadenylated RNA was prepared and analysed by formal- 
dehyde-agarose gel electrophoresis as previously described”. RNA was then 
transferred on to nitrocellulose filters which were then hybridized with 
™Pjabelled nick-translated™ probes, washed and exposed to X-ray film. 
a Hybridizations were performed for 2-3 days at 41 °C in a buffer containing 
3 50% formamide and 3 x SSC and filters were washed at 50°C in 0.1 x SSC, 
a 0.1% SDS. Cloned DNAs used to prepare the probes for c-abl, c-Ki-ras and, 
a c-fms were those used in refs 8, 9 and 10, respectively; the c-fes probe was 
f the 0.7-kb Pstl fragment ‘S,’ of Snyder-Theilen feline sarcoma virus”. 
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c-myc-specific as it is not detected with the homologous murine probe. 
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expt 4 not shown), implying that transcription of c-myb and 
c-myc had ceased during the 24-48 h following the appearance 
of mature monocytes. Thus, taken together, these results imply 
that the decrease in c-myb and c-myc transcription occurs only 
after the differentiating cells reach the monocyte stage. 

In view of the decreased or unaltered expression of several 
of the c-one genes during WEHI-3B differentiation, we were 
surprised by the dramatic increase in the level of c-fos transcrip- 
tion (Table 1, Fig. 3, expts 1, 4). The expression of c-fos is 
probably associated with mature monocytes (see also below), 
as the rise in c-fos transcription paralleled the appearance of 
mature cells in expt 4, in which only a small increase in the 
total of all differentiated cells occurred between days 2 and 4. 

The rationale of this study was that changes in c-onc 
expression which occur during WEHI-3B differentiation would 
reflect changes that occur in normal myeloid differentiation. 
Thus, we would predict that normal granulocyte-macrophage 
progenitor cells (GM-CFCs)'* would express similar levels of 
c-myb and c-myc RNAs to WEHI-3B and that normal macro- 
phages would express low levels of c-myb and c-myc and high 
levels of c-fos RNA. The first prediction could not be readily 
tested due to the difficulty in obtaining sufficient numbers of 
pure GM-CFCs; however, a second prediction, that other early 
myeloid cell lines and populations containing myeloid pro- 
genitors or stem cells should express c-myb and c-myc, could 
be tested. Thus, comparable levels of c-myc and c-myb RNA 
were found in another early myeloid cell line, 416B (ref. 15), 
in a multipotential (myeloid-erythroid—megakaryocytic) cell 
line B6-SutA C1.15 (ref. 16) and in a mixed population of 
haematopoietic cells from fetal liver'* (a low-density fraction 
containing about 5% GM-CFCs) (Fig. 4). Normal macrophages, 
however, contained no detectable c-myb RNA and a low level 
of c-mye RNA (Fig. 4). By contrast, a high level of c-fos RNA 
was found in the macrophages and also in the fetal liver cells, 
but not in the immature cell lines (Fig. 4). 
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Fig.3 Transcripts of c-myb, c-myc, c-fos and c-Ha-ras in undifferentiated and differentiated WEHI-3B cells. Data are from the experiments 1—4 detailed in Table 
|. Days refer to the time of treatment with inducers. The sizes of the major transcripts for each c-onc gene are shown at the left of panel |. The larger transcripts are 
probably nuclear precursors; for c-myb, a similar-sized precursor has been detected in chicken cells*®. The smaller RNA seen with the myc probe in expt 2 is not 


É Methods: Electrophoresis of polyadenylated RNA, transfer and hybridization were as described in Fig. 2 legend, except that where v-myb or v-myc probes were used 

e: (see below), hybridizations were at 37 °C in buffer containing 5 x SSC and 40% formamide, and filters were washed at 50 °C in 0.5 x SSC, 0.1% SDS. Cloned DNAs 

used to prepare fhe probes were myc: either the v-myc-specific Pst] fragment of cloned MC29 proviral DNA? or the BamHI-HindII1 fragment containing exons 2 

= * and 3 of the murine c-myc gene™"; myb: either the Kpnl-Xbal fragment of cloned avian myeloblastosis virus proviral DNA?®? or cloned murine c-myb cDNA 

5 (N. Gough, A. Dunn and T.J.G., unpublished); fos: the 1.0-kb v-fos-specific Pst fragment (from pfos-1) of cloned FBJ murine osteosarcoma virus proviral DNA”; 
and Ha-ras: a 0.45-kb y-Ha-ras-specific fragment of cloned Harvey murine sarcoma virus (clone BS-9)°'. . 
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What, then, do the results presented here suggest about the 
possible roles of c-myb, c-myc and c-fos in myeloid differenti- 
ation? Clearly, expression of c-myb and c-myc at high levels 
does not prevent many of the cellular changes indicative of 
differentiation, nor do changes in the expression of these genes 
necessarily occur early in the differentiation process. With regard 
to the latter point, Reitsma et al.” have recently reported that 
the level of c-myc RNA in the human myelomonocytic cell line, 
HL-60, decreases very soon after induction of differentiation 
with a vitamin D derivative (about twofold after 4h). In view 
of our results, we suggest that the rapid ‘switch-off’ of c-myc in 
HL-60 may be a characteristic of the cell line and/or inducer, 
rather than a mandatory early event in myeloid differentiation. 
Our observation that differentiation can proceed in the presence 
of c-myb expression is consistent with work by Durban and 
Boettiger on avian myeloblastosis virus (AMV), which carries 
the v-myb oncogene. These authors reported that AMV can 
transform both mature macrophages'* and macrophage pro- 
genitors'’, and furthermore that transformation of progenitor 
cells occurs only after the cells have differentiated to adherent 
(mature) macrophages. Thus, it seems that myeloid differenti- 
ation can also occur in the presence of y-myb expression. 

Hence, it seems unlikely that c-myb or c-myc has a controlling 
function in the differentiation of myeloid cells. Rather, the 
expression of these genes in immature cells may reflect a function 
related to the proliferative state of myeloid (and other 
haematopoietic) cells. This notion is supported by the recent 
observation that c-myc transcription is stimulated by mitogens 
in both lymphocytes and fibroblasts”, and indirectly by the 
finding of a degree of relatedness between the myb and myc 
gene products’'. Thus, the greatly reduced expression of c-myb 
and c-myc in mature cells may reflect the diminished prolifera- 








Table 1 Differentiation of WEHI-3B cells induced by G-CSF plus 
actinomycin D 
% Differentiation 
Expt Days of induction Promonocytes Monocytes 
1 0 4 0 
3 11 87 
2 0 6 1 
2 84 5 
3 0 2 | 
2 13 84 
4 13 87 
4 0 2 0 
2 70 7 
4 37 60 





Results of differential counts for four separate experiments are shown; 
differentiation was assessed by examination of stained cytocentrifuge 
preparations. Methods were as described in Fig. 1 legend. 
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Fig.4 Transcripts of c-myc, c-myb and c-fos genes in several cell 
types. Polyadenylated RNA was isolated from the following cell 
types: lanes l, WEHI-3B; lanes 2, 416B'°; lanes 3, 
B6.SutA.C1.15'°; lanes 4, a low-density fraction of haematopoietic 
cells from 14-day murine fetal liver'*; lanes 5, bone marrow-derived 
macrophages, which were the adherent cells obtained after cultur- 
ing mouse bone marrow cells in the presence of macrophage-colony 
stimulating factor for 7 days**; lanes 6, BALB/c 373 fibroblasts. 
Ali methods were as described in the legends to Figs 2 and 3. 
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tive capacity of these cells compared with undifferentiated and 
immature cells. In addition, c-myb and c-myc may also affect 
expression of other genes, since avian macrophages transformed 
by v-myb and v-myc differ in the expression of several differenti- 
ation markers”. k 
To date, c-fos transcription has been detected primarily in 
extraembryonic tissue and in bone and skin tissues™. The 
increase in c-fos transcription described here, which correlates x 
with monocytic differentiation in both leukaemic and normal _ 
cells, suggests that c-fos may also be required for the expression 
of some macrophage-specific functions. i 
We thank Dr A. W. Burgess for providing G-CSF, Dr J. 
Hamilton for providing bone marrow-derived macrophages, De 
J. Adams, A. Dunn, N. Gough and K. Savin for valuable 
comments on the manuscript, Ms D. Grail for technical assist- 
ance and Ms S. Blackford for typing the manuscript. 
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The structures of the genes coding for the opioid peptide precursors 
proopiomelanocortin, proenkephalin (proenkephalin A) and pro- — 
dynorphin (proenkephalin B), are known for some mammalian 
species". To gain insight into the evolutionary history of 
these precursors, we have examined the proenkephalin gene inthe 
South African clawed toad, Xenopus laevis, which diverged — 
from the principal line of vertebrate evolution some 350 Myr ago. — 
The human proenkephalin gene consists of four exons, of which _ 
the main exon (exon IV) contains all known biologically active 
peptides—six Met-enkephalin sequences and one Leu-enkephalin 
sequence“. We report here the primary structures of the putative 4 
main exons of two proenkephalin genes in X. laevis, each of which — 
codes for seven Met-enkephalin sequences but no Leu-enkephalin, 
indicating that Met-enkephalin preceded Leu-enkephalin in the 


T 


evolution of the proenkephalin gene. The organization of the main 
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ons of the toad genes is remarkably similar to that of the human 
ne and conserved regions provide evidence for functionally sig- 
ficant structures. We also detect a polymorphism in one of the 
toad proenkephalin genes, mapping 1.5 kilobases (kb) 5’ of the 
ain exon; it is caused by an insertion/deletion of a 1-kb repetitive 
sequence which has the characteristics of a transposable element. 
_ A Xenopus genomic library (kindly provided by Drs Y. Chien 
and I. B. Dawid) was screened by hybridization in situ with a 
human proenkephalin cDNA probe containing all of the protein- 
coding region. Two hybridization-positive phage clones could 
be isolated. A 930-base pair (bp) hybridizing fragment of the 
DNA insert carried by one of these clones was used as probe 
n a second screening of the library, which resulted in the 
solation of six further hybridization-positive clones. Restriction 
maps of the eight clones showed them to comprise three different 
lasses (AXEAI, AXEAI* and AXEA2). Figure | shows nucleo- 
tde sequences, and deduced amino acid sequences, of the 
regions containing the hybridizing fragments of AXEAI, 
-AXEAI* and A XEA2, designated Xenopus proenkephalin genes 
AI, Al* and A2 respectively (see Fig. ! legend for experimental 
etails). 
The putative 3’ splice sites of the introns preceding the main 
xons of the Xenopus proenkephalin genes were tentatively 
signed to A-G nucleotides 97 and 98 because these positions 
-orrespond to the splice site in the human counterpart*® and 
re preceded by regions resembling the splice junction acceptor 
consensus sequence in mammals”, In each Xenopus proen- 
phalin gene, the protein-coding region would then correspond 
o nucleotides 99-746, with nucleotides 747-749 (TAA) rep- 
‘esenting the first in-frame translational termination codons 


Fig. 1 Nucleotide sequences of the 
< putative Xenopus: proenkephalin 
genes Al, Al* and A2 (main exons io 
and their flanking regions) and 
deduced amino acid sequences. The 
nucleotide and amino acid differen- 
ces found in the A2 sequences are 
-- shown beneath the sequences of Al qo 
and A1*; absence of a nucleotide or 
an amino acid in the A2 sequences 
indicates that the sequences of Al, 
“AI* and A2 are the same at that T 
` position. The asterisk above nucleo- bad 240 
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(Fig. 1). Each of the main exons of the Xenopus genes thus 


codes for 216 amino acids which is slightly less than in human 
(221 amino acids). Toad proenkephalin is predicted to contain 
five copies of Met-enkephalin, one copy of Met-enkephalin-Arg- 
Gly-Tyr and one copy of Met-enkephalin-Arg-Phe. Human pro- 
enkephalin contains four copies of Met-enkephalin and one 
copy each of Met-enkephalin-Arg-Gly-Leu, Met-enkephalin- 
Arg-Phe and Leu-enkephalin®®. It is tempting, therefore, to 
speculate that the switch from a Met-enkephalin- to a Leu- 
enkephalin-coding sequence in the human gene occurred less 
than 350 Myr ago and that the Met-enkephalin sequence was 
the primordial duplication unit during evolution of the proen- 
kephalin gene. In both species, the enkephalin sequences are 
flanked by pairs of basic amino acids, suggesting that similar 
processing mechanisms, involving trypsin-like enzymes, are 
necessary for production of the enkephalins. In each of the toad 
proenkephalin genes, only one polyadenylation signal consensus 
sequence’ is found (nucleotides 1,028-1,033); in the correspond- 
ing region of the human gene, four such signals are present®. 

To examine the 5’ ends of the Xenopus genes, DNA from 
clones AXEAI, AXEAI* and A XEA2 was probed in non-strin- 
gent hybridization conditions with a human proenkephalin gene 
fragment containing exons I-III which code for the 5’-untrans- 
lated region and the N-terminal portion of human preproen- 
kephalin. As no hybridizing fragment was detected in these 
experiments and in view of the lengths of the 5’-flanking regions 
of the main exons in the clones examined, it is likely that there 
is little homology between the 5’ ends of the toad and human 
genes, although the possibility that these regions are absent from 
the clones cannot be excluded. 
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Gene AL, AL": 9! +~-AATAPATTTAATOCACAACTTACTTEIGTTAPTGAATT NGGGTOYTPTATGGAGCAGTGTGTCAARCATTTTAATOGATT IC TETGCTATOTPICAG TGC A TOT BECA 107? 
AA T G C t G A A c ge 


AT G 


30 


20 
beu Glo Cys Glu Gly Lys Leu Pro Ser Ala Lys Ala Trp Gly The Cys Lys Gju Leu Leu Leu Leu Tar Lys Val Asp Asn Val Gin Asp Giy Ge 
TTA GAA TOT GAA GGG AKA TTG CCA TCT GCC AAA GCA TGG GGA ACC TOC AAA GAA CTT TPA CTT CTA ACC AAA GTG GAC AAT GTT CAA GAT GGA GAA 203 
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Lys Tyr Gln Asp Asn Asn Asp Ser His Tyr Ala Ala Lys Lys] Tyr Gly Giy Phe Met! Lys Argltyr Gly Gly Phe Met} Lys Lys Met Asp Glu Leu 
AAA TAT CAA GAC AAT AAC GAT AGC CAC TAC GCT GCC ABA AAG 
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TAT GGA GGA TPT ATGLAAA AGALTAT GGT CGC TTC ATGIAAG AAA ATG GAT GAG TTG 299 
Ac 
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Tyr His Ala Glu Pro Glu Glu Asp Asp Ala Gly Gly Gia Ile Lea Ala Eys Lysļ fyr GIy Gly Phe Met| Lys Lys Glu Tyr Asp Ser Asp Arg Asp 
TAC CAT GOT GAA CCT GAA GAA GAT GAT GCA GGA GGT GAG ATT CTG GCA AAG AAG TAC GOT GGA TTT ATG] AAG AAA GAA TAT GAT AGC GAT CGT GAT 385 
A c tag 
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Ala Ala Asp Leu Leu Arg Glu Leu Leu Ala Thr Ser Gly Asp Pro Glu Ser Ser Ile Tyr His Asp Asn Asn Ser Glu Thr Pro Gly Gie Tie Agn 

GEA GCT GAT CPT CTT AGG GAG CTC TTA GCT ACE AGT GGG GAT CCT GAA AGT TCA ATT TAC CAT GAC AAC AAC AGT GAA ACA CCA GGT GAA ATT AAC 49) 
T 6 G 





















tide 416 indicates the only difference KAG AGA 
(G substituted by A in gene Al*> 
silent-site substitution), between: the . 
presented nucleotide sequences of $ 
genes Al dnd’ Al* The drrówhead ` 200 on 
‘beneath nucleotide. 1,077 indicates 
the 3’ end of the sequenced portion 
f gene A2: The sequences of Met- 
enkephalin, Met-enkephalin with a 
-sarboxyl extension and their coding 
ucleotides are boxed; the pairs of 
basic amino acids flanking the 
enkephalins are overlined. The puta- 
ve intron-exon junction is indi- 
cated by a vertical line; END, translational termination codon. 
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Lys Rrqityr Gly Gly Phe Met Ary Gly Tyr krg Acg Ser Thr Aap Leu Gju Asp Gin The Ber Gly Tie Gin TYE Kis Hye eT Pha Wee ykrg 
AT SGA DOC TTC ATG AGA GGT TAC]AGA AGA AGC ACA GAT CTG GAA GAT GAA ACA AGC GGA ATT CAG ABA AGALTAT GGT BGC. AGA S87 
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pens 186 

Arg Val Gly Arg Pro Glu Trp Trp Glu Asp Tyr Gin Lye Aig) tyr Gly y Phe Ret Ary Arg Phe The Asp Ser Phe Leu Pro Ser Asp Giu Asp 

AGA GTA GGT AGA CCA GAA TGG TGG GAG GAC TAC CAA AAG AGALTAC GGA GOG TIC ATG ACG COC TTC ACT GAT TCA TET CTY COF TCA GAT GAG GAT 683 
is LZ E 


219, 





Gly Glu Ser Tyr Ser Lys Glu Asn Pro Asp Met Glu Eys Arglfyr Giy Giy Phe Met Arg Phe] exo P n 
GGA GAA AGT TAT TCC AAA GAM AAC CCA GAC ATG GAG AAA AGALTAT GGG GGA TTT ATG CGA TTT) TAN AATCTTTETCTTECCCGTACCTTACTGAAAAGACTGCCT 748 





CATTGACCATATATTATTOTAAT GTGTTGCCTGCACTGTACAGTITTPIAC TOTTC TAGTTC, Re er pe TECATE AROE TEN CEPTATRCOTGARTEANBAGA AAKA 315 

PAARE CEIR ATETOECTE, ACPRGAGTTIC TAC TGTAGTARTTC PGC TGAACTATT TN GTEACTOTATICTUTC TITTAAAC AGAGE ACAC CANS AATCCTTATTGTATATASATARATGATTCATT 1042 

PLATT necorreatorrnonAASTPETONGEAPTATAACOPICATTEFCE ACCAACTEATCAGTT ACARGARCATTTTAGTTITIGCAATTTTTTGGTCC AGA TOTAGTTCAAACAATTITC 1169 
A ime 

GATGPTATCACATTTOS TGGAAGATTTATAGTTATGACATTTGACAACTAGCGTATTTTTACCAAGTOGC PTTTTAATT GON TTGAGTTOTAATGGTGATCCTAC, ARAAGARTCATTAGTATTAGGT 1296, 


AGE GTTPTGAGAGATT TC TPTACATAATT OTATTTAR TOCA TGCTPTT PETA TAGHAGAATTC «0 «3 4 


Methods: The. Xenopus genomic library screened was a collection of recombinant phages that carried Xenopus blood-cell DNA fragments 
‘from several animals. The fragments were generated by partial Mbol digestion of genomic DNA and cloned into the BamHI sites of the 
vector AJ. During the first screening of the library, the hybridization probe was a 918-bp Hincl] human proenkephalin cDNA fragment 

{which contains the full coding region) >*P-labelled by nick-translation™ to 5x 10%c.p.m. per pg DNA. Hybridization was carried out in 









3 xSSC, 0.1% SDS, 0.1% sodium pyrophosphate, I mM EDTA, 0.06% each of bovine serum albumin, Ficoll and polyvinylpyrrolidone, 50 Hg 
ml”! of sheared and denatured herring sperm DNA and 10% dextran sulphate at 60°C for 13h. Two hybridization-positive phage. clones 

AXEI-2) were isolated from about 7.5 x 10° plaques by repeated plaque purification. Partial restriction maps of these clones showed that 
they carried identical DNA inserts of 17 kb, containing two EcoRI fragments with approximate lengths of 2.0 and 0.8 kb which hybridized 
with the human cDNA probe. For further analysis, the two EcoRI fragments from AXE! DNA were subcloned into pBR322 and the subclones 
analysed by restriction mapping and DNA sequencing, resulting in the sequence of Xenopus proenkephalin gene Al. For the second library 
screening, the hybridization probe was a 930-bp HincII fragment of AXE] DNA (which contains the main exon of gene Al and part of its 
S'--and 3'-flanking regions) >?P-labelled by random priming® to 10°c.p.m. per ug DNA and hybridization was at 65°C for 13h. Six 
_hybridization-positive phage clones (AXE3-8) were isolated from about 10° plaques. On restriction mapping, A XE3-4 appeared to be identical 
- t0-AXE1-2, AXES5-6 carried identical inserts of 18 kb and AXET-8 carried identical 19-kb inserts. The three types of clones were designated 

AXEAI (AXE1~4), AXEAI* (AXES-6) and AXEA2 (AXE7-8). The pertinent restriction fragments of AXEAI* and AXEA2 were subcloned 


Into pBR322 and sequenced, resulting in the sequences of Xenopus proenkephalin genes Al* and A2 respectively. Sequencing was performed 
with the dideoxy chain-termination method” using M13 mp8 or mp9 RF-DNA as described previously~*. 
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of bovine, human and Xenopus proenkephalin (Fig. 2a) shows 





comparison of the predicted amino acid sequences of part 





that the distribution of enkephalin sequences is remarkably 


` similar among the three species. While several spacer regions 


share a high degree of amino acid homology, others have di- 
verged considerably. Interestingly, the highly conserved regions 
between enkephalin units 2 and 3, 5 and 6, and 6 and 7 corre- 
spond to enkephalin-containing peptides isolated from bovine 
adtenal medulla! (peptides F, E and B, respectively). The high 
degree of conservation of these peptides (especially of the highly 
potent opioid peptide E) might point to an important physio- 
logical role for them, both in mammals and lower vertebrates. 

Met-enkephalin and Met-enkephalin-Arg-Phe, but little or no 
Met-enkephalin-Arg-Gly-Leu or Leu-enkephalin, have been 














Fig. 2. Homology between Xenopus | 


and mammalian proenkephalin 
sequences. a, Alignment of the amino 
acid sequences of part of bovine, 
human and Xenopus proenkephalin. 
The one-letter amino acid notation 
isused, Residues identical among the 
three species are boxed. Gaps (-) 
have been introduced to achieve 
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found in frog brain''. These observations are consistent w 
our proposed amino acid sequence of toad proenkephalin whic 
shows the absence of Met-enkephalin-Arg-Gly-Leu and Leu 
enkephalin. Clearly, then, the proenkephalin gene(s) i 
expressed in amphibians but no function has so far been assigne 
to enkephalins in these organisms. : 

The regions of amino acid homology in the human an 
Xenopus proenkephalin sequences are reflected by regions-o 
nucleotide sequence homology (Fig. 2). In addition, there 
two homologous regions in the 3’-untranslated portions of 
two genes. The conserved region preceding the polyadenylatio 
signal might be involved in some post-transcriptional activi 
as suggested for such a region in other genes'™! >; the significan 
of the other homologous region is unknown. 
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maximum homology. The locations Le Sp AL ED Ebr kK ELIGR RY OOP MRR VORP EW WMD Y ORRYGGELRIRFAE P-L P SIEIEIEIG E SY S$ K E|V/PIEIM j F| 
ofthe enkephalinsequences are indi- cju xjr slp QLEDEJARELQOKRYGGFMRRVORPEWWMDYQKRYGGFILKRPAEA-JLPSDEEGESYSKE GFRRI 
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‘sequences. The bovine and human 
sequence data have been taken from b 
refs 27, and 5 and 6 respectively. The 
Xenopus sequence is derived from 


Xenopus proenkephalin gene Al; Xenopus 
similar conclusions as those given in Human 


the text can be drawn if the sequence 
derived from gene A2 were included. 
b, Schematic representation of the 
nucleotide sequence homology be- 
- tween the main exons plus their 
flanking regions of the Xenopus and human 
“computerized sequence analysis system from Stanford University, 





0<50% 


“homology; are shown as loops. The putative signal sites for polyadenylation 
are indicated. The locations of the enkephalin-coding sequences are indicated by lines below the schematic. The human sequence data were 
taken from refs 5 and 6: The Xenopus gene is gene Al; similar results are obtained when the human gene and Xenopus gene A? are compare 
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proenkephalin genes. The homologies were searched using the algorithms available on the SE 
California. Deletions of nucleotides, introduced to achieve maximum 
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(AATAAA), translational termination (TAA) and splicing (AG) 
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Fig. 3. Analysis of the polymorphism in Xenopus proenkephalin gene Al by restriction mapping and Southern blotting. a, Partial restriction 

maps obtained from Xenopus proenkephalin genomic clones AXEAI (17 kb), AXEAI* (18 kb) 
of the main exons of proenkephalin genes Al (in AXEAI), Al* (in AXEAI*) and A2 (in AXEA2) are shown by closed boxes. The I-kb DNA: 
insertion ~1.5 kb 5° of the main exon of gene A1* is indicated by the hatched box in the map of AXEAI*. Arrowheads indicate the multiple 
AJ; wavy lines indicate the arms of AJI. The region covered by the probe used i 
the map of AXEAI. b, Southern blot analysis of EcoRI digests of Xenopus liver 
and of EcoRI digests of DNA from genomic clones AXEAI and AXEAI™ (lanes 


cloning sites (BamHI, HindIII and EcoRI) of the vector 
the Southern blot analysis shown in b is indicated below 
DNA isolated from eight X. laevis individuals (lanes 1~8) 


Al and Al* respectively). After digestion of 10 pg high-molecular weight genomic DNA with EcoRI, 
nitrocellulose filter2®, the filter was probed with the 1.6-kb EcoRI-HindI! fragment 


M13 and *“P-labelled by primer extension to 5x10" c.p.m. per ug DNA, and the 
blot was autoradiographed with an intensifying screen at —70°C. The hybridizing 2.7-kb EcoRI fragment found only in animals 2,3 and 6 
“did not correspond to any of the EcoRI fragments of the isolated genomic clones, 
(not presented for clarity) only showed an approximately 14-kb EcoRI fragment found in all animals, which 


ona 0.9% agarose gel. The fragments were transferred to a 
of AXEA! DNA (see under a) which was subcloned into 


4.9-kb EcoRI fragment of clone AXEA2 (see also the restriction map 


x main exon of gene A2 and at the EcoRI site in the multiple cloning site of AJI. 






















and AXEA2 (19 kb). For reference, the locations: 


the restriction fragments were separated 


so its identity remains unclear. The remagnder of the blot ; 
suggests that the hybridizing” 
of AXEA2 in a) is generated by cleavage at the EcoRI site within the 













regions. The 0.4-kb EcoRI-HindIlI 
fragment and the ends of the 1.4-kb 
EcoRi-~Hindll fragment located 5’ 
of the main exons of Xenopus proen- 
kephalin genes Al and Al* in 
AXEAL and AXEAI* respectively 
(see also Fig. 3a) were subcloned 
into mp8 and mp9 MI3 RF-DNA 
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left terminus of 1723 element = TAGGGATGTAGCGAACGTCGGAAAAAAAGTTCGCGAACAT: i 
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Gi CAAARAATGCGAGT : GGTTCGCGAACGGTTCGCGAACCCCATAGACTTCAATGGGAAGGCGAACTTTAACATCTAGAAAAGACATTTCTOGCCAGAAAAATGATTTTTAAA 


T 
CTGGCNNAGTGG GGATCGANNCC = RNA pol.III promotor consensus sequences) 
STTSE TS BASSET SG AAC ONC CT SS # ACACT EGE ATSC AGA SECU GATE AAGO EE BAAAATOTATC POAAAAATCCAT : TOT s PEACACAGCQCTGCOTTTTSTGOTGTAR 


STTGTTTAAAGGGTGCAACGACCTGG : ACAGTGGC ATGCCAGAGGGGGA TC AAGGGCAAARATOTATC TGAABAATCTGCOTGTOPGTOC TTGGAAGAGA TAGTGTAGGGGGA 
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and sequenced with the dideoxy 


described previously”, Lower-case 
letters give the sequence common to 
both the 0.4- and the 1.4-kb frag- 
ments (except for the presence of an 
` additional T nucleotide 63 bp from 

‘the HindIII site in the 1.4-kb frag- 
ment); the sequenced portion of the 
insert DNA is in upper-case letters. 


ee 


The nucleotide sequences of the main exons of Xenopus 
proenkephalin genes Al and A2 differ by ~4.6% and this 
sequence divergence is similar to that reported for the exons of 
other known X. laevis gene pairs coding for globins'*, albumins'* 
and vitellogenins’® (5-8%). It is thought that the gene pairs 
represent duplicated genes resulting from a genome duplication 
the genus Xenopus some 30 Myr ago, which was originally 
postulated on the basis of chromosomal studies!”!®. 

Not only the nucleotide sequences of the main exons of 
‘Xenopus proenkephalin genes Al and Al* but also their flanking 
_fegions are virtually identical (Figs 1, 3a). The only difference 
detectable in the restriction maps of these two sequences is the 
ocation of an EcoRI site 5’ of the main exons (see Fig. 3a), 
which suggests that gene Al” is an allelic variation of gene Al. 
Figure 3b shows the distribution of the polymorphism in 
-Xenopus proenkephalin gene Al. Three of the animals examined 
were heterozygous at this locus and two animals were homozy- 
gous for gene Al. We could not determine the relationship 
between the hybridizing 2.7-kb EcoRI fragment found in animals 
2, 3 and 6 (Fig. 3b) and genes Al and Al* because despite 
-extensive screening of the Xenopus genomic library, we could 
„hot isolate a clone containing the 2.7-kb fragment. We conclude 
hat the library was constructed from animals lacking this 
Tagment. 

To establish the nature of the allelic variation of gene Al 
ene A1*), the 0.4-kb and the ends of the 1.4-kb EcoRI- Hindit 
fragments of AXEAI and AXEAI™, respectively, were sequen- 
ced, The polymorphism seems to be caused by a I-kb DNA 


igs 3a, 4). Since the 5’ ends of the Xenopus proenkephalin 
zenes are not yet known, the positioning of the insert within 
the gene remains unclear. The insert is characterized by nearly 
perfect 16-bp inverted nucleotide sequences at its ends (part of 
which, TEGCGAAC, is repeated several times) and is flanked 
y 8-bp direct repeats, of which one may have been generated 
y target site duplication during integration of the element (Fig. 
), Thus, the insert has the characteristics of a transposable 
ement’. No long open translational reading frame was found 
n the sequenced portion of the insert. The two boxes that share 
omology with the putative RNA polymerase IHI promoter 
consensus sequences”?! are unusually close to one another 
Fig. 4). Using pybridization it was shown that the insert DNA 
s highly repetitive and is present in about 5,000 copies per 
iaploid genome (data not shown). The insert may belong to the 
amily of 1723 elements, a recently described group of repetitive 


CATEGCGACGCGATAGTE GATGTCGC GE GAA 


sertion, approximately 1.5 kb 5’ of the main exon of gene Al- 


4 Al AGGGCAGAAATCACACTACGTCACTCAGGTGATGTTTCTGGACACGGAATGTGA =~ m= === = 4600 bp w+ewn nwa GCGACCAATTGCGACGTCGCGCGACGTCCCGA 
kainet ati thod 3 £ AAFAA TACY SST TEGACAG T TOAG DATTOCS § à 
chain-termination metno AS — GAGCTGTTAGTGATTTCAGGGACAGATGATAGAAAGCTTGCTGGCTAGTAATC P= ===- === n variable =meemmm ~CCTGCTGGTCTOGGGTGAGAGGGCAAAAAAAA 


paenneen & 
TTAGT  COCGGEGAACAGTCEGCGACATECCTACAGAAGGCaacctetgctataaaaaacaatatttaggtttaatagtate 
GCGCCAACAATGGCGAACCCAAAATGGCGAAC t AGTACGAAGE : AAC :GTTCGCGACATCTCTA = right terminus of 1723 element 


agctctgaagaagatactagaagaaat tatacaactaaactaaatgaactgaacgaagaagcaaaaaatgcacttygttttttatggcataaatgaaaaagacagcatactga 
gattagagtgtggaagagttagttaagagaaagcatggtaataacatgaagtttatgcccagttattaaggggattattataatgtagctgaagcatatggtgetctetacat 


H 
ttetgccasaaaaaaaaaaaacit)ttttettettttattaaaggecteact ttatgctteagcagttggtcagttcaataaaad TASTE memar r 


Open arrows indicate the positions of insertion. The direct repeats flanking the insert are underlined. The inverted nucleotide sequences at 
the ends of the insert are overlined by heavy arrows; the part of the inverted nucleotide sequence which is repeated several times in the $’ 
end of the insert (TEGCGAAC) is overlined by light arrows. The nucleotide sequences of the left and right termini of the 1723 element, taken 
from ref. 22, are shown beneath the sequence of the insert. Nucleotides identical between the inserted sequence and the 1723 element are 
indicated by asterisks. Colons indicate gaps introduced to maximize homology. The arrowhead indicates the start (5' end) of an approximately 
180-bp inverted nucleotide sequence in the 1723 element”. The putative consensus sequences for an RNA polymerase IH promoter*®?! (N 
is any nucleotide) are given above the sequence of the insert and they have been aligned to show homology. 


sequences interspersed in the genome of X. laevis”, since a 
region in the 5’ end of the insert (comprising more than 200 
nucleotides) and the inverted repeats at its ends are highly 
homologous to the left terminus and the inverted repeats, respec- 
tively, of the 1723 elements. As transcripts. of the repetitive 1723 
elements are found among Xenopus tadpole polyadenylated 
RNAs” and repetitive sequence transcripts have been impli- 
cated in the regulation of gene expression during ontogeny”, 
it is interesting that so far we have only found homozygotes for 
proenkephalin gene A!* in tadpoles and never in adult animals. 
Thus, we are interested in the possibility that the insertion/dele- 
tion of the transposable-like repetitive element in the close 
vicinity of proenkephalin gene Al is involved in the expression 
of this gene during Xenopus development. 
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Not in Our Genes: Biology, Ideology, and Human Nature. 
By R.C. Lewontin, Steven Rose and Leon J. Kamin. 
Pantheon, New York: 1984. Pp.322. $21.95. To be published in Britain 


on 27 September by Penguin, pbk £3.95. 





Tuis book by three extremely intelligent 
and articulate writers — “‘respectively an 
evolutionary biologist, a neurobiologist 
and a psychologist” — is a polished and in 
the main convincing rebuttal of a variety of 
determinist ideologies that have come to 
acquire the status of a public nuisance in 
biology and sociology. The two most 
offensive of these are widely known by the 
names of “‘historicism’’ (Popper’s word, I 
think) and ‘‘geneticism”’ (I think mine). 

Geneticism is the doctrine of the primacy 
of the genetic make-up in determining 
every aspect of the human mind, con- 
stitution and social behaviour: we must 
look to genetics for an explanation of 
tribalism and aggression, the rise and fall of 
nations, the stratification of societies into 
classes, the nature and degree of human 
intellectual prowess and for the ability of 
some English-speaking people to pro- 
nounce the consonant theta or the inability 
of others (continentals generally, I fear) to 
do so, Geneticism systematically depre- 
ciates — indeed, resents — the existence of 
the kind of heredity (exosomatic) that is 
mediated not through chromosomes but 
through. cultural means. Geneticism is 
most tiresome and mischievous in the 
context of what I compendiously call the 
“IQ nonsense’, resting as it does on a two- 
fold illusion: that a complex quantity can 
be rendered by a single figure (as a man’s 
height can be, or his body temperature) and 
that it is possible to allocate percentage 
figures. to the relative contributions of 
nature and nurture to the development of 
any trait whatsoever. This topic was the 
subject of the silliest remark I have ever 
heard during what has admittedly been a 
sheltered and unworldly academic life: I 
refer to Professor H.J. Eysenck’s judge- 
ment — on p.111 of The Inequality of 

: Man (Temple Smith, 1973) — that ‘‘the 
whole course of development of a child’s 
intellectual capabilities is largely laid down 
genetically’’. 

Because this present work is so skilfully 
and successfully presented as the work of a 
team, the [Q nonsense in its various aspects 
is not dealt with as a separate chapter 
credited to Leon Kamin; but his is naturally 
the name we think of because it was he who 
first drew public attention to the political 
motivations that underlie the whole 
nonsense and who played a principal part 
in uncovering the frauds of Sir Cyril Burt 
(which were finally laid bare by an investi- 
gative journalist with genetic training, 
Dr Oliver J. Gillie). The Burt deceptions 














reflect not merely upon their vain and mis- 
chievous old author but on the psycho- 
logical profession as a whole, for how on 
earth did Burt get away with it for so long 
and what about all that fine talk of the 
avoidance of fraud through the self- 
monitoring of scientific research? The 
reason is so obvious when pointed out that 
it is often not pointed out: the 1Q boys had 
no incentive or inclination to scrutinize 
Burt’s results carefully, because he told 
them exactly what they wanted to hear — 
and I suppose Burt’s having been knighted 
was thought vicariously to confer upon 
them the degree of respectability they were, 
as they still are, very much in need of. The 
whole of Chapter 5 of Not in Our Genes, of 
which Sir Cyril Burt is protagonist, struck 
me as sound stuff and moreover is good, 
lively reading — indeed this book is no- 
where a book to be nodded over except 
perhaps in assent. 

The authors see the various manifesta- 
tions of the determinism they disapprove 
of as so many manifestations of Tory 
ideology; they are surely right, for is not ita 
canon of high Tory philosophy that (in my 
own words) ‘‘a man’s breeding determines 
absolutely his capabilities, his destiny and 
his deserts”. Certainly Tory philosophy is 
utterly incompatible with the authors’ 
commitment to the possibility of creating 
“a more sociologically just — a socialist — 
society” (p.ix). 

The political incentive to cultivate gene- 
ticism would be hard to rebut, associated as 
itis with the more virulent kind of racism — 
that which imputes an inborn superiority to 
some people and inferiority to others. The 
case for a Tory political motivation of 
historicism is however less convincing. 

Historicism is the doctrine that there 
exists or can be propounded an historical 
social science that makes possible 
ostensibly scientific predictions about the 
future course of history and the future con- 
dition of man. The principal context of 
historicism is of course sociology and the 
study of history, but there are strongly 
historicist as well as geneticist elements in 
sociobiology, for which Lewontin, Rose 
and Kamin have a special repugnance; and 
they trace the origins of its popular appeal 
in what Stephen Gould once described as 
“pop ethology” as it is exemplified by the 
writings of Robert Ardrey and Desmond 
Morris, seeing E.O. Wilson as a sort of 
modern Thomas Hobbes. ‘‘Sociobiology is 
Pangloss made scientific through the 
agency of Charles Darwin’? — Pangloss, 











one of the principal characters of Voltaire’s 
tiresome Candide, is he who contended 
that all was for the best in what must:o 

necessity be the best of all possible worlds 

It is not among professionals, but educated 
men who think that they are having terribly 
deep thoughts when they read Rober 

Ardrey and the like that sociobiology has 
its greatest fan following: this is all th 

more surprising because I cannot call to 
mind and have never been informed of an’ 

genuinely novel or illuminating insight int 

the human condition that has come to ü 

through sociobiology. 

By contrast with geneticism, historicism 
is not the outcome of Tory political think 
ing; indeed, the first and certainly the mos 
influential historicist thinker was Kar 
Marx whose economic interpretation -o 
history led to sociohistorical predictions 
having to do with the inevitable deterior 
ation of the workers’ lot, for example — 
predictions which history has not born 
out. 

1 liked the content of this book, most o 
which seemed to me to havea ‘‘right-think 
ing” quality. I liked also the skill wit! 
which the multiple-authorship has bee’ 
concealed, and the punchy, direct styl 
wholly free from quasi-philosophi 
reservations and prevarications. : 

The only important point on which I dis 
agree with the authors is their tendency 
treat reductionism as an ‘‘ism’’ as wron 
headed as the two I have been discussin 
above. Opposition to reductionism is no 
a popular posture among sociologists. an 
people with a rather literary outlook. ¢ 
science, The attack, I believe, was launch 
by a number of failed scientists such as th 
late Ludwig von Bertalanffy to -aveng 
themselves against a science in which they 
had failed to become proficient by creatin 
a travesty of the concept to bring itas fara 
possible into discredit. It was Bertalanff 
for example, who invented the analytical 
summative-mechanist who believes 
whole is no more than the sum ofits parts 
and that its properties are fully explicable 
in terms of the properties of its parts, 
having no regard to the functional relation- 
ships existing between them. Whenever I 
read denunciations of these ghoulish. 
figures I wait impatiently for the identity of 
at least one of them to be revealed so that 
with pious repugnance I can study the 
writings for myself. But its practitioners 
are never named, simply because they do 
not exist. 

Reductionism has philosophic weak- 
nesses (what methodology has not?). 
Claims for its efficacy such as John Stuart 
Mill made are very vulnerable to reductio 
ad absurdum and are not taken seriously. 
Thus “‘being interpretable in terms of” is 
what logicians call a “‘transitive’’ relation- 
ship, for if A is interpretable in terms of B 
and B in terms of C then A must be inter- 
pretable i in terms of C. Thus a concept.at 
the socio- -political level such as that which 
is embodied in the Married Women’s 
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table in terms of physics and Chemistry, If it 
80, it is strange that it does not appear in 
the syllabus of physics in any educational 
establishment known to them, nor, for that 
matter, does proportional representation, 
or (my favourite example for the purpose) 
the foreign exchange deficit; but in spite of 
these shortcomings reductive analysis is the 
most successful research stratagem ever 
devised in science. What is more — some- 
thing that should appeal to left-wingers 
such as those who wrote this book — it is 
that way of understanding the world which 
makes it easiest to. see how, if need be, the 
world can be changed, something which, 
ike myself, the authors of this book do 
ndeed believe it to be in need of. oO 
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WHEN a field of research opens up, there is 
-Often a rush to stake-out territory 
reminiscent of the opening of new frontiers 

in the Wild West. Such has been the case 

with the study of neuropeptides. What has 
“made the subject exciting is that so many 
“peptides appear to exist in the brain that 
were not known or even suspected a few 
“years ago. All kinds of claims have 
resulted, both substantial and exaggerated. 
The editors of Brain Peptides are at 
home on this range, and have decided that 
_it was time to sit back on the porch and take 
look at all the activity. To do this, they 
have invited some of the leading pioneers, 
cand a number of recent settlers, to write 
chapters on specific topics. 
There are excellent contributions on 
ptide hormone genes, biosynthesis of 
europeptides and aspects of peptides in 
cell biology, evolution and embryology 
written by Miller, Loh and Gainer, 
McKelvy, Acher, Strumwasser and Price. 

The role of peptides in homeostatic systems 

covered by several authors, including 

Watson and Akil, Brown, Koob and 

loom, Pfaff, Fink and Karten. However 
the choice of Reid. to write an article on 





New in paperback 
The Clocks That Time Us: Physiology of the 
Circadian Timing System, by M. C. Moore-Ede, 
F. M. Sulzman and C. A, Fuller. Publisher is 
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is ironic, since he argues that angiotensin 
does not exist in the brain. 

A particularly useful section of the book 
is that dealing with methodology. The tech- 
nique of immunocytochemisiry is a clear 
favourite among the contributors for 
mapping and surveying the new areas — 
Palkovits’s chapter is excellent on this and 
other neuroanatomical techniques. Many 
chapters contain lists of sites in the brain 
which have the ubiquitous brown stains of 
immunoreactive material. Less frequently, 
these are backed up by radioimmunoassay 
and further identification with high- 
pressure liquid chromatography. The 
retina has also turned out to be a rich seam 
of several peptide-like substances. Brecha 
and Karten describe how they are localized 
in distinct retinal cell types and that they 
have been found in every species studied so 
far. Another site that is a veritable gold 
mine is the paraventricular nucleus where 
about 30 different peptides have been 
identified. 

The section on specific peptides is 
written by several pioneers, Zimmerman, 
Mutt, Martin, Leeman, Dockray and Vale 
among them. One might think that each 
chapter would have the same type of 
information for each peptide. Oddly 
enough, this is not so; with some peptides it 
has been considered crucial to demonstrate 
synthesis, distribution, receptor binding, 
physiology and function, but with others it 
has not. Inevitably, progress has been 
faster in one direction with one peptide 
than with another. In part this reflects the 
difficulties encountered with certain pep- 
tides, in part the interest and enthusiasm of 
an individual investigator. 

The material contained in Brain Peptides 
was previously scattered through various 
symposium proceedings or review articles, 
but while the book offers a handy source it 
is not a work of reference. Some authors 
have included only skimpy reference lists, 
while those of others — such as Liotta and 
Krieger — are all-inclusive. Another com- 
plaint is that references are given in 


abbreviated form without titles, which | 


probably saves space in the book but costs 
time in the library for the reader. 

Reading Brain Peptides makes one 
realize not so much what is new but what 
answers are still required. For example, 
more detailed characterization of the 
immunoreactive substances is necessary, as 
are more electronmicroscopic analyses. A 
theoretical basis for peptide action is 
elusive and much needed; the statement 
found here that peptides have a ‘‘modu- 
latory action’’ explains nothing. Neverthe- 
less this book is a timely stopping point for 
reflection and for survey of a new field to 
explore — not strictly of brain peptides, 
but the study of neuropeptides which might 
be called ‘‘neuropeptidology”’. QO 





angiotensin ina book about brain peptides °, 
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MONOCLONAL antibodies have proved to 
be powerful tools in diverse areas of 
biology and medicine. There are probably 
now many more non-immunologists than 
immunologists using them, a fact which 
makes short, easily readable publications 
such as this very valuable. 

In the preface, the authors state that 
their aim was to produce a book on mono- 
clonal antibodies aimed at students of 
medicine as well as physicians. In this they 
have succeeded exceedingly well, but it is 
unfortunate that the title does not indicate 
the bias. There is only one chapter devoted 
to the application of monoclonal anti- 
bodies in cell biology, but its treatment of 
the topic is so slight that the value of the 
book to biologists is far less than that to 
medical students. This is a pity because the 
first three chapters on the basics of anti- 
body properties, production and assay are 
written at a level such that a prior ground- 
ing in immunology is not essential. Also, 
while the book includes a number of 
descriptions of practical procedures, it 
does not set out to be a laboratory manual 
of detailed protocols. 

The meat of the text is a comprehensive 
discussion of monoclonal antibodies in 
medicine, where they are already proven 
and are increasingly used routinely for a 
variety of diagnostic tests in all of the 
pathology services. The authors also point 
out that the future will see further anti- 
body-based tests, replacing slow and less 
precise methods (for example in identifica- 
tion of certain microorganisms), and the 
introduction of new tests (say, for head in- 
jury, by the immunoassay of brain antigens 
in serum). Less certain is the potential for 
the use of monoclonal antibodies in 
therapy, particularly in cancer patients. 
This topic is of special interest to the 
authors and although they present an opti- 
mistic view, the subject is treated in an 
objective way. Their even-handed approach 
also applies to the problem of making 
human monoclonal antibodies, the solving 
of which remains a highly desirable goal. 

Sikora and Smedley’s book is a reason- 
ably priced and, of course, a timely publi- 
cation. It should be read by all those train- 
ing or working in medical science who are 
not already conversant with monoclonal 


m 


antibodies, be they sceptics or not. C 











M. lan Phillips is Professor in and Chairman of 
the Department of Physiology, University of 
Florida. 





Brian Anderton is Senior Lecturer in Im- 
munology at St George’s Hospital Medical 
School, University of London. 
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Between the bedside 
and the laboratory 


D.J. Weatherall 


The Encyclopaedia of Medical Ignorance: 
Exploring the Frontiers of Medical 
Knowledge. 

Edited by Ronald Duncan and Miranda 
Weston-Smith. 

Pergamon: 1984. Pp.253. £9.95, $17.95. 


RECENTLY, I took a group of new clinical 
students to see a patient suffering from the 
severe bone pain of sickle cell anaemia. 
Here, surely, was encapsulated everything 
that two or three years rigorous training in 
the basic sciences had prepared them for. 

The teaching session started well 
enough. A single base change in one of the 
patient’s globin genes had led to the pro- 
duction of an abnormal haemoglobin 
which, in turn, had caused his red cells to 
change their shape. This had led to 
blockage of the microcirculation, death of 
tissue, and hence to the severe pain from 
which he was complaining. But then the 
awkward questions started. Why did his 
red cells sickle and produce these 
symptoms today; he was playing football 
yesterday? Why has his brother with the 
same disease never had any pain? How are 
you going to treat him and prevent a re- 
currence of the pain? And so on. 

Much of modern medicine is like this; for 
a few diseases we have an inkling about 
what may be happening at the cellular or 
molecular level, or at least we can start to 
understand the ailment in terms of whole- 
organ dysfunction. But it is still difficult to 
translate much of this knowledge into a 
rational explanation for what we see at the 
bedside, while for many of the common 
degenerative or neoplastic disorders that 
fill the wards we have not yet even reached 
this stage. I suspect that it is becoming 
increasingly difficult for our brighter 
students to compromise between the 
empiricism of good bedside practice and 
the relatively thin scientific evidence on 
which so much of it is based; as Lewis 
Thomas has pointed out, practitioners of 
clinical science have progressed from a 
state of total ignorance to a position in 
which they are aware of their ignorance. 

It follows that all textbooks of medicine 
are to some extent compendia of 
ignorance. So why another, albeit under an 
explicit title — we already know we are 
ignorant. The editors’ stated aim is to high- 
light some major lacunae in our know- 
ledge, and in doing so to encourage fresh 
thought about how to tackle important 
areas of clinical uncertainty. Have they 
succeeded? A glance through the index 
suggested that I would not find much that I 
was unaware that I was ignorant about. 
About half of the book is devoted to 
psychiatry and neurology, and most of the 
remaining chapters cover equally pre- 
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dictable subjects such as blood pressure, 
cancer therapy, the immunology of preg- 
nancy, transplantation biology and the 
fascinating mystery of how parasites 
manage to survive in their hosts. 

There are some highlights and surprises, 
however. John Edwards writes a character- 
istically lively account of human mutation, 
and Leslie Iversen and Anthony Allison 
give excellent reviews of the present state of 
our understanding of neurochemistry and 
immunity to viruses. Philip Gell, in a 
thoughtful if rather despairing essay on the 
complexities of the human phenotype, 
seems to have little faith in the ability of the 
tools of modern biology to tell us anything 
useful about behaviour or free will — this 


The Victorian way of death — Lady with the 
Tree Cross in Highgate Cemetery, North 
London. The picture is taken from Highgate 
Cemetery; Victorian Valhalla, a haunting 
celebration of the cemetery in words (by Felix 
Barker) and pictures (by John Gay). The book is 
published by John Murray, price £7.50. 


chapter should be essential reading for tele- 
vision producers before their next venture 
into the gene supermarket. The only author 
who would have us believe that medical 
ignorance is bliss is Richard Peto, who 
suggests that our current obsession with the 
mechanistic approach to cancer research is 
diverting our efforts (and finances) from 
more obvious lines of epidemiological 
study. Why, he asks, do we want to 
understand the cell biology of malignant 
transformation when most human cancers 
are due to avoidable carcinogens. Should 
there be a second edition, I suspect that 
someone will tell him. 

Overall, the essays in this attractively 
produced collection are of a high calibre 
and anybody interested in the state of 
clinical science will find something to 
engage them. Where I found the book 
rather lacking was in some of the broader 


and particularly worrying problems of 
modern medicine. The World Health 
Organization has suggested that we aim for 
good health for all by the end of this 
century. But what is good health? By 
changing diet, stopping smoking, control- 
ling blood pressure and pounding the pave- 
ments at the crack of dawn, the people of 
Western societies may partly control the 
major killers of middle life. But how will 
we cope with our increasingly aged 
population? We know nothing about the 
biology of ageing or about what the quality 
of life will be for our clean-living octo- 
generians. And what price will they pay for 
their longevity? There is the prospect that 
we will end up with institutions full of 
ninety-year-olds reflecting gloomily on 
years of missed opportunities caused by 
impotence and other side effects of the 
drugs that controlled their mild 
hypertension. And there are the possible 
effects of our current obsession with exer- 
cise in middle life on the later incidence of 
degenerative joint disease. Will we all end 
up with a healthy myocardium but totally 
immobile? At the other end of the age 
spectrum is the question of how far we are 
willing to go in the application of the tech- 
niques of molecular biology to the preven- 
tion and correction of genetic disease and 
congenital malformation. As genetic mani- 
pulation becomes feasible will positive 
eugenics once more become a topic of hot 
debate? 

Perhaps most important, who is going to 
pay for all this, and pay for what — do our 
priorities lie in trying to understand the 
mechanisms of degenerative arterial 
disease and cancer, or in prevention, or in 
increasingly high technology patch-up 
medicine for the middle aged, or in pro- 
viding facilities for the massive geriatric 
population that is being created? And who 
will determine these priorities? The 
medical profession is happy to go on 
developing expensive aids to survival, and 
the public seem to expect them. Politicians 
and those who administrate our health 
services should take note of the recent 
announcement of the successful instal- 
lation of an artificial heart; the doctors of 
those who enjoy their food and drink, and 
who prefer to be in bed rather than plod- 
ding through the streets at sunrise, are 
already reaching for their order forms. 

Equally pressing are the medical 
problems of the developing countries, vir- 
tually ignored in the book. As Maurice 
King has pointed out, 600 million people 
will be trapped in absolute poverty by 
the year 2000; that is, they will be living 
under conditions so characterized by 
malnutrition, illiteracy, disease, high 
infant mortality and low life expectancy as 
to be beneath any reasonable definition of 
human decency. The editors of this book 
should take heart; there is plenty of scope 
for future editions. be m 


D.J. Weatherall is Nuffield Professor of 
Clinical Medicine at the University of Oxford. 
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Reactions in theory 
PE. Hodgson 


Direct Nuclear Reactions. 

By G.R. Satchler. 

Oxford University Press: 1983. Pp.833. 
“£55, $110. 

Direct Nuclear Reactions. 

By Norman K. Glendenning. 
Academic; 1983. Pp.378. $62, £45.50. 











For the past 20 years the names of Ray 
Satchler and Norman Glendenning have 
been familiar to all students of nuclear 
reactions, These two men pioneered the 
development of practically every aspect of 
the theoretical formalism widely used to 
analyse experimental data and to extract 
information on nuclear structure. Both, in- 
evitably, have been invited to write books. 
Ray Satchler first agreed to write his in 
960; Norman Glendenning began think- 
ing about it in 1969 but did not start writing 
until 1978. And now the two books are 
published together. 
< Direct nuclear reactions are those pro- 
cesses that take place in the initial stages of 
‘a. nuclear collision, in the time it takes the 
projectile to traverse the field of the target 
‘nucleus. Rather few degrees of freedom are 
- excited by such processes, so that studies of 
the energies and angular distributions of 
the outgoing particles yield important in- 
formation on nuclear structure. Subse- 
quently, other processes take place, often 
with further particle emission. 
-. Broadly speaking, there are three types 
of direct reactions — elastic scattering that 
leaves the target nucleus unchanged; in- 
elastic scattering that raises it to an excited 
_ State; and transfer reactions that produce a 
» different nucleus. Inelastic scattering tends 
> to excite collective states in which many 
nucleons move coherently, while transfer 
reactions preferentially excite states that 
can be described as the excitation of one 
nucleon or group of nucleons. Thus dif- 
ferent types of reactions can be used to 
explore very different types of nuclear 
excitation. 
. The physical ideas underlying our cur- 
rent understanding of these reaction pro- 
esses are mostly quite simple, but their 
quantum mechanical formulation is fre- 
quently a task of formidable complexity 
and the resulting equations can only be 
solved by powerful computers. Both 
authors are theoreticians, with complete 
mastery of the formal techniques of reac- 
jon analysis and the angular momentum 
algebra needed in realistic calculations. So 
tis no surprise that the main part of each 
book is devoted to accounts of the formal- 
isms appropriate to different types of direct 
reactions, and the approximations necess- 
ary to obtain reasonably accurate results in 
finite computing time. 
-There is inevitably much common 
ground between the two books, but with 
differences of emphasis and depth of treat- 














“ment. Both cover the basic reaction for- 


malism, starting with the general expres- 
sion for the transition amplitude, partial 
wave analysis and the optical model. Next 
in order of complexity comes the distorted 
wave theory of one-nucleon transfer reac- 
tions. Both books cover this in consider- 
able detail, going on to describe the 
coupled-channel formalism that makes it 
possible to include higher order processes 
that are important when the coupling bet- 
ween channels is strong. This is essential to 
the understanding of the excitation of col- 
lective states by many different projectiles. 
The same technique may be applied to two- 
nucleon and multi-nucleon transfer reac- 
tions, with considerable increase in formal 
complexity. It is also possible to develop 
microscopic theories of the reactions, in 
which the participating nucleons are con- 
sidered separately. Finally, the collisions of 
nuclei with each other, known as heavy-ion 
interactions, reveal a wealth of new pheno- 
mena that may be understood by extending 
the concepts and formalism developed for 
the interactions of the lighter particles. 

On the whole, both books start from a 
level appropriate to the graduate student. 
Glendenning keeps to essentials, while 
Satchler describes many more detailed 
applications and special techniques. Both 
authors give many references to the 
original literature, and illustrate their 
discussions by comparisons with experi- 
mental data. 

The scope of both books is almost entire- 
ly confined to direct reactions, with little 
mention of the subsequent pre-equilibrium 
and compound nucleus processes, or of 
their relative importance at different 
energies and for different projectiles and 








target nuclei. The experimentalist is 
however confronted with a cross-section, 
and the first question he has to answer is 
which of these processes has occurred. On- 
ly when he knows the answer, at least pro- 
visionally, can he begin to analyse the data 
using the appropriate theory. The useful- 
ness of the books would have been some- 
what increased by more consideration of 
this problem. 

A more subtle question encountered in 
the analysis of data is the degree of flexibi- 
lity of the theories used. It is often relative- 
ly easy, by judicious parameter adjust- 
ment, to fit a theory to a known cross- 
section, but it is much harder to predict 
with confidence the value of a cross-section 
before it has been measured, It is notor- 
iously difficult to judge the flexibility of a 
theory just by reading other people’s 
papers — one has to repeat the analysis for 
oneself. Both authors are familiar with this 
problem, and it would have been valuable 
to learn more about their own experiences. 
One final — and minor — comment; selec- 
tivity is inevitable in works such as these, 
but in both books more references to peri- 
pheral areas of research would have been 
welcome, especially to proceedings of 
conferences and summer schools. 

Satchler and Glendenning have 
undoubtedly earned the gratitude of 
nuclear physicists, and their books will be 
essential for reference and study. These 
volumes should be in every science library, 
and research workers would do well to save 
up until they can afford their own copies. © 





P.E. Hodgson is Head of the Nuclear Physics 
Theoretical Group at the Nuclear Physics 
Laboratory, University of Oxford. 
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Charles DeLisi 


Random Walks in Biology. 

By Howard C. Berg. 

Princeton University Press: 1984, Pp. 142. 
$16.50, £15.30. 








A GOOD swimmer can typically coast about 
18 ft, approximately three body lengths. A 
bacterium, on the other hand, once it stops 
propelling itself, will come to rest in 0.4 
— almost two orders of magnitude less 
than the diameter of a hydrogen atom. The 
inertial equivalent of a bacterium moving 
through water, is Homo sapiens swimming 
in butter! Evidently, an intuition about 
physical processes that occur on scales 
characteristic of our daily environment 
does not always extrapolate readily to the 
world of the very small. The purpose of 
Howard Berg’s book is to sharpen our 
intuition about the physics and statistics 
that govern motion in the microscopic 
environment of the cell. 

The random molecular motions of the 
microscopic world that manifest them- 





selves by macroscopic regularity dominate 
both the motion of cells and the techniques 
used to study them. It is well known that 
the regular movement of a sedimentation 
band finds its microscopic explanation in 
the random movement of individual mole- 
cules. The effect of Brownian motion on 
the ability of a cell to capture efficiently 
ligands in its environment is, however, less 
well known. Who would guess that with 
only a fraction of a per cent of a cell surface 
covered by receptors, the rate at which 
ligands are captured can be nearly half that 
of a uniformly absorbing sphere! 
Random Walks in Biology, which 
supplements and elaborates on the now 
classic paper by Berg and Edward Purcell 
(“Physics of Chemoreception”’ — Biophys. 
J. 20, 193-219; 1977), is a scholarly and 
pedagogically masterly introduction to dif- 
fusion, its physics and its statistics. The 
book will probably require several readings 
in order fully to assimilate its concepts, 
but the time will be well and enjoyably 
spent. Q 





Charles DeLisi is Chief of the Laboratory of 
Mathematical Biology, National Institutes of 
Health, Bethesda, Maryland. 





Awards 


Upon approval by Her Majesty the Queen 
the Royal Society UK, has awarded three 
Royal Medals for 1984: to Professor A.R. 
Battersby, Professor of Organic Chemistry 
at the University of Cambridge, for con- 
tributions to the elucidation of the pathway 
for the biosynthesis of complex natural 
products; to Dr Mary F. Lyon, Member of 
the Scientific Staff of the Medical Research 
Council for contributions to the discovery 
of X-chromosome inactivation as a 
mechanism of gene dosage compensation; 
and to Professor A.L. Cullen, Emeritus 
Professor of Electrical Engineering at the 
University of London, for contributions to 
microwave engineering, both theoretical 
and experimental, and in particular for 
research on microwave antennae. 


Further awards of the Royal Society for 
1984 include: the Copley Medal to Pro- 
fessor Subrahmanyan Chandrasekhar, 
Morton D. Hull Distinguished Service Pro- 
fessor at the University of Chicago, USA, 
for his work on theoretical physics, in- 
cluding stellar structure, theory of radia- 
tion, hydrodynamic stability and relativity; 
the Rumford Medal to Professor H.H. 
Hopkins, Professor of Applied Optics at 
the University of Reading, for his many 
contributions to the theory and design of 
optical instruments; the Davy Medal to Sir 


- Sam Edwards, John Humhrey Plummer 


PA 


Professor of Physics at the University of 
Cambridge for his contributions to the 
theoretical basis of thermodynamic aspects 
of polymer chemistry; the Darwin Medal to 
Professor E. Mayr, Agassiz Professor 
Emeritus of the Museum of Comparative 
Zoology at Harvard University, USA, for 
his contribution to evolutionary biology; 
the Hughes Medal to Professor R.P. Kerr, 
Professor of Mathematics at the University 
of Canterbury, New Zealand, for his work 
on relativity, especially the discovery of the 
so-called Kerr black hole; the Leverhulme 
Medal to Professor J.F. Davidson, Shell 
Professor of Chemical Engineering at the 
University of Cambridge, for his contribu- 
tion to chemical engineering, in particular 
the use of fluidized beds. 


The Royal Society Wellcome Foundation 
Prize has been jointly awarded to Pro- 
fessor E.R. Andrew, Professor of Physics 
at the University of Florida, USA (former- 
ly of the University of Nottingham); Dr 
J.M.S. Hutchison, lecturer in biomedial 
physics at the University of Aberdeen; Pro- 
fessor J.R. Mallard Professor of Bio- 
medical Physics at the University of 
Aberdeen; and Professor P. Mansfield, 
Professor of Physics at the University of 
Nottingham, in recognition of their 
development of NMR imaging as a diag- 


s nostic tool in medicine. 


At this year’s ‘‘Analytica’’ in Munich, the 
Boehringer prize for Analytical Bio- 
nistry. was. presented, t to Dr Edwin 













Southern for his work on DNA hybridi- 
zation and its applications in the diagnosis 
of hereditary diseases. 


Lister Institute Research Fellowships have 
been awarded to Dr Jeffrey Almond of the 
University of Leicester, Department of 
Microbiology; Dr Malcolm McCrae of the 
University of Warwick, Departmentof 
Biological Sciences; Dr Brian Nunn of the 
University of Cambridge, Physiological 
Laboratory; Dr Claude Wishik of the 
University of Cambridge, Laboratory of 
Molecular Biology and Department of 
Psychiatry; and Dr Stephen Yeaman of the 
University of Newcastle-upon-Tyne, 
Department of Biochemistry. 


Applications are invited for the Andre 
Liehtwitz prize awarded by the Institut 
National de la Santé et de la Recherche 
Médicale for outstanding clinical or funda- 
mental research on calcium and 
phosphorus metabolism carried out during 
the past year by a French or foreign 
scientist (or team). Conditions of entry for 
the 1984 prize of 11,000 French francs are 
obtainable from I.N.S.E.R.M. (c/o Mile. 
C. Chirol, 101 rue de Tolbiac 75654, Paris 
Cédex 13, France). Closing date 30 
September 1984, 


The International Union Against Cancer is 
looking for candidates for four fellowship 
programmes (The American Cancer 
Society-Eleanor Roosevelt-International 
Cancer Fellowships; the Yamagiwa— 
Yshida Memorial International Cancer 
Study Grants; the International Cancer 
Research Technology Transfer Awards; 
and the Cancer Research Campaign (UK) 
International Fellowships).. Additional 
information and application forms may be 
obtained from the International Union 
Against Cancer, 3 Rue du Conseil-General, 
1205 Geneva, Switzerland. 


The Institute of Metallurgists is again 
organizing an International Metallography 
Competition to encourage the attainment 
of standards of excellence in the micro- 
graphic study of materials. The compe- 
tition is open to members and non- 
members of the Institution alike, and this 
year the total prize money exceeds £1,000. 
For further details contact Mr B.D. 
Gibson, Secretary, The Institution of 
Metallurgists, PO Box 471, 1 Carlton 
House Terrace, London SW1Y SBE, UK. 


Appointments 


Gerard L.E. Turner, DSc, FSA, of the 
Museum of the History of Science at the 
University of Oxford, has been elected 
President of the British Society for the 
History of Science. 


Professor R.J. Elliott, FRS, Wykenham 
Professor of Physics at the University of 
Oxford, has been elected Physical 
Secretary of the Royal Society. 











Charles H. Holland, Professor of Geology 
and Mineralogy at Trinity College, Dublin, . 
has been elected President of th : 
Geological Society, London. 

Dr John C. Browne has been appointed to 
the newly established Chair of Astro 
physics at the University of Glasgow. : 
Sir David Montgomery has been re 
appointed for a further five years as Chair 
man of the Forestry Commission. 


Dr Michel Chrétien has been appointed 
Scientific Director of the Clinical Research 
Institute of Montreal. 


Professor Dr Thomas H. Lee of the Massa- 
chusetts Institute of Technology, USA, has 
been appointed Director of the 
International Institute for Applied Systems : 
Analysis. 


Ms Renate Siebrasse has been appointed 
Manager, Operations, for Battelle Institute 
Limited. 


Mr Alan Schriesheim has been appointid 
Director of the Argonne Nationa 
Laboratory, Illinois, USA. 


Dr H.H. Atkinson, Director of Science at 
the Science and Engineering Research 
Council, UK, has been elected as the nex 
Chairman of the Council of the European 
Space Agency, succeeding Professor H 
Curient (France). 
Professor G.S.C. Beveridge, Head of th 
Department of Chemical and Process 
Engineering at the University o 
Strathclyde, has been elected President of 
the Institute of Chemical Engineers. 


Dr Roland Schmitt and Dr Charles Hess 
have been elected Chairman and Vice. 
Chairman, respectively, of the National 
Science Board, of the National Science. 
Foundation, USA. 


Dr John R. Durrant, President of the Fox 
Chase Cancer.Centre in Philadelphia, ha 
been designated president-elect of the: 
American Society of Clinical Oncology. 


Jim MacNeill, Director of Environment 
for the OECD, has been appointed. 
Secretary-General of the new World Com- 
mission on Environment and Develop-'' 
ment. Previously he was Commissioner. 
General for HABITAT, the UN Confer 

ence on Human Settlements in Vancouver 





Short Courses 
24-28 September, Heat Recovery Network. 
Design, University of Manchester, (The 
Registrar, UMIST, PO Box 88, 
Manchester M60 1QD, UK). 
25-28 September, Capillary Gas Chroma»: 
tography Course (Dr J.D. Baty, Packard 
Instruments Ltd, 13-17 Church Road; 
Caversham, Berks RG4 7AA, UK). 


20 January-1 February, 1985, Molecular 
and Cellular Aspects of, Immunology, 
Rehovot, Israel (Prof. Edna Mozes; 
Department of Chemical Immunology, the 
Weizmann Institute of Science, Rehovot, | 
76100 Israel). : 





Is all science vocational? 


Richard Pearson* 


Figures for the numbers of graduates finding employment suggest that it is often difficult to predict 
the usefulness of a so-called vocational course. 


THE pressure is on for a further, more 
decisive change in higher education policy 
in the United Kingdom — away from non- 
vocational towards more vocational 
courses. But what is vocational? To many, 
cience and technology are vocational 
while arts and social science, with the 
notable exception of business-related 
studies, are not. Life is not, of course, that 
simple and a new report! from the 
Department of Employment and the 
Department of Education and Science 
shows some of the extreme variability 
between the employability of graduates 
from different but often seemingly related 
disciplines. The report is intended to “‘help 
intending students form a more realistic 
assessment of the likely consequences of 
particular courses of study’’. It shows sub- 
equent employment patterns of graduates 
n 1982 and also looks at entry standards 
nd competition for places on degree 
courses. The poor. employment record of 
many biological science graduates is 





_ Of course, studying for a degree is not 
ust about getting a job and short-term 
mployment prospects. The social aspects 
-of college life are important, while a degree 
-allows the development of academic 
interests and further academic challenges. 
“Indeed, few graduates cease learning on 
eaving higher education. Many follow 
employer-based training. Others stay on 
for postgraduate study, research or 
training, an important pre-condition for 
ntry to many jobs such as teaching, which 
equires a postgraduate diploma, or 
research, where a PhD is often a pre- 
condition for entry, although it rarely 
‘uarantees employment in itself. More 
than a third of chemists from the univer- 
ities have gone on to research after grad- 
ation, as have slightly smaller proportions 
f zoologists, physicists, biologists and 
eologists. These are far higher propor- 
ions than for most subjects and in the case 
yf women graduating in these subjects, as 
many as ten per cent more have also gone 
into teacher training. The data for the poly- 
echnics showed rather fewer staying on for 
urther academic study but with broadly 
similar patterns. 
“Of those seeking jobs on graduation, it 





_IN: last month’s Employment article (14 
_ dune, p.654), the labels for “Industry” and 
“Research Institute” in Fig.1 were trans- 
posed, 











has been those in medicine, engineering, 
education and law and business-related 
subjects that have found it easiest to get 
employment, and significant proportions 
of these have gone into work related to 
their degree subject. Perhaps the only 
surprising group here are the civil 
engineers, 87 per cent of whom found 
employment within six months of 
graduation despite the slump in the civil 
engineering industry in the United 
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Fig.1 University graduates finding employment 
~ selected subjects. 





Kingdom. In part this is explained by sig- 
nificant numbers finding jobs overseas but 
probably also because they have strong 
mathematical skills, a major asset for any 
graduate job-seeker. By contrast, as might 
be expected. Those finding it hardest to 
gain jobs have arts backgrounds, where 
there are few subject-relevant jobs outside 
teaching; those in the biological sciences 
also suffer, however; zoologists fared 
worst in 1982, under half (48 per cent) of 
those entering the labour market finding 
permanent employment, a proportion only 
slightly exceeded by biologists (61 per 
cent), chemists (66 per cent) and 
biochemists (65 per cent). The average for 
all subjects was 77 per cent (Fig.l). Of 
those finding jobs, only a few scientists 
directly used their degree subjects. 
Employment patterns of polytechnic 
graduates in these subjects were broadly 
similar but with fewer going quickly into 
permanent employment. Within each 
subject, women had slightly better 
prospects of obtaining early employment 
than men. The report comments that this 
may be because a smaller proportion seek 
to enter the job market, or it may be that 
women are more flexible in the sort of job 
they are prepared to do. 

For many years, there has been national 
pressure to increase the number of places in 








the vocational areas, if need be at the 
expense of the non-vocational disciplines. 
To what extent has the recent reshaping of 
higher education moved in this direction? 
Information is now available about 
admissions to universities in 1983, two 
years after the first cuts. From these data, 
the numbers graduating, by discipline, can 
be estimated for the years to 1986. The total 
decline in university graduate numbers 
since 1983 is likely to be of the order of 
6,000, if the special cases of medicine and 
education are excluded. This represents a 
fall of almost 10 per cent from the peak 
year for university graduations. 

The ‘“‘lost’’ graduates have come from 
across the subject range, particularly arts 
(33 per cent) and social sciences (34 per 
cent), but also engineering (14 per cent) and 
the sciences (16 per cent). On a propor- 
tionate basis, the sciences suffered least, a 
reduction of under 6 per cent, while 
engineering lost nearly as many graduates 
as did the arts and social sciences. Within 
subjects, the contrasts have been even 
greater, with graduate numbers in 
electrical engineering (the subject most in 
demand by employers) falling by 10 per 
cent, zoology by nearly 30 per cent, 
chemistry by 4 per cent, and both computer 
sciences and mathematics each falling 
slightly over this period. By contrast, 
biology and biochemistry graduates, both 
likely to have poor employment prospects, 
will continue to increase, as will geologists 
and physicists. 

The University Grants Committee has 
commented that ‘tthe reduction in 
engineering, mathematics and computer 
science was not unexpected’’, although it 
had been hoped to engineer a more decisive 
switch towards these subjects. Similar data 
are not, unfortunately, available for the 
polytechnics, but a similar pattern may 
emerge. Remedial policies are now in hand 
to improve the throughput of graduates in 
information technology and plans may be 
afoot to shift the balance of higher 
education further towards the vocational 
areas. However, given the inertia of 
institutions and the lack of student interest, 
something more dramatic may be needed if 
real flexibility is to be introduced in 
matching subjects to employability. E 


1. Graduates and Job (HMSO, London, 1984). 





*Richard Pearson is at the Institute of 
Manpower Studies, Mantell Building, 
University of Sussex, Brighton BNI 9RF, UK. 
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Dead-end for British research 


By parsimony, indolence and indifference, the British Government is killing off imaginative 


research. It must act quickly if it cares to retrieve the situation. But it may already be too late. 


NOT so long ago, British governments were forever congratulating 
themselves that British scientists had what seemed to be an inside 
track in the competition for Nobel Prizes. Per head of population 
and by most other yardsticks, the roll of honour has been so ample 
as to seem endless, even effortless. For much of the past half- 
century, British scientists, while acknowledging that the statistic 
is spurious, have enjoyed the kudos that distinction brings and 
have made a virtue of what seems to have been the perpetual 
necessity of sustaining research on a shoestring: ‘if we can 
achieve so.much with only string and sealing-wax,what might we 
not accomplish with the proper tools?’’ 

‘Since 1945, both British scientists and British governments 
have been dismayed that this apparently innate flair has not 
engendered national prosperity. The most common resolution of 
that conundrum has been in proud disdain: who would ask that 
Beethoven should have been skilled at selling sheet music? But, 
fitfully, British scientists and their governments have 
collaborated on ill-prepared technical projects intended as means 
of using the same flair to capture a commanding lead over more 
methodical industrial competitors. The list of disasters following 
from these decisions is also endless — the Comet aircraft, ZETA 
(the peaceful thermonuclear device that proved to be a 
roundabout way of heating electrons), Bluestreak (the homespun 
ballistic missile that never left the ground), half of Concorde, the 
High-Speed Passenger Train, the information technology 
minister’s plan of 1982 to ‘‘cable Britain”. 

To the extent that such projects have sprung from the tension 
between smug security in scientific achievement and frustration at 
the lack of material benefit therefrom, the list of spectacular 
disasters should soon end. The British Government has done 
much to induce a sense of realism among those who would turn 
science into prosperity; they know now how skilled and well- 
equipped is the opposition. But the tension will melt away because 
the research enterprise is on its last legs. The goose that might have 
laid those golden eggs will not be around much longer. 

It will be some time before British scientists are again promi- 
nent on the Nobel lists. Dr César Milstein, the Cambridge 
Argentinian, will no doubt at some stage be recognized. Justice 
may also yet be done to Sir Fred Hoyle. Otherwise, there is 
nothing in the recent record of British research laboratories that 
lifts the spirit and stretches the imagination as much as the dozen 
or so outstanding discoveries each year at laboratories elsewhere. 
The British scientific community will comfort itself that it is doing 
the best it can with inadequate resources. British governments will 
learn to parrot that Nobel statistics are spurious, and that it 
matters more that British industry should be able to turn a nearly 
honest penny, devaluing now by only 5 per cent a year. 

It is unkind to kick even governments when they are down, as 
the Thatcher Government has been these past few weeks. But they 
must be helped to see the errors in their ways, especially when their 
own perspective is distorting. The British Government has lived 
up to Mrs Thatcher’s promise, four years ago, that the science 
budget, government support for basic science, would be 
‘‘protected’’. Why should this journal now be saying that the 

«stuffing has gone out of the scientific enterprise? And that the 
government is to blame? : 

The charge requires proof, for the British scientific community 
is not above special pleading on its own behalf. Many taxpayers 











will know of particle accelerators advocated as essential means of 
keeping the scientific enterprise in good health but then quickly. 
abandoned. The four research councils that are the conduits for 
public money for basic research find themselves supporting 
institutions founded in happier times that now seem 
extravagances, even distractions. The Science and Engineering 
Council’s Neutron Spallation Source in Oxfordshire-is. one such 
luxury, but there are many others. And the now-common 
complaint by university researchers that adventurous work is 
impossible for lack of funds is superficially an amplified version. 
of the perennial excuse of the unsuccessful. 


Struggle ua 
The novelty that has now arisen is not the shortage of funds for 
research, acute though that may be, but the way basic research has. 
become a hand-to-mouth struggle. At the highest level, the 
research councils are forever having to readjust their plans to new 
estimates on how little there will be to spend. (The Medical 
Research Council last week was faced with saving £700,000 next 
year and £2 million in each of the two succeeding financial years.) 
Even in well-equipped laboratories, people who have scraped 
through this year by running down their stock of consumable 
materials have no idea what will happen next. Able researchers are 
doubling as their own technicians. The British Government’s 
palliative for 1983, the scheme for appointing younger academics 
to university posts (called ‘‘new blood’’ lectureships), has not 
been matched with the wherewithal to allow these talented people 
to prosecute effective programmes of research. The use of central 
facilities, in Britain or overseas, depends on success in the fierce 
competition for soft money, Customary British postwar envy of 
the United States is now matched by the knowledge that 
colleagues and competitors in France and West Germany enjoy a 
greater sense of security. Even in particle physics, the ground that 
Rutherford showed two generations of physicists how to till, the, 
future is now clouded: characteristically, nothing has been 
decided, but the Kendrew committee may recommend next year 
that Britain should pull out of the European collaboration which. 
it helped to found. Is it any wonder that bright young people are 
being driven from research? 

When Nature advertised earlier this year an editorial post, 
nearly half of the 600 qualified scientists who replied had 
embarked on a career in research. Many were people with their 
first postdoctoral fellowship behind them. Their common reason 
for pulling out was their sense of the insecurity of a position in 
research. In an occupation in which dedication does not 
necessarily win glittering prizes, it seems doubly cruel that even 
the opportunity to work hard is on a short-term lease. No doubt 
there is some way in which the British national interest will be. 
served by the diversion of this talent to occupations outside 
laboratories, but the collapse of morale throughout the research 
enterprise is a high price to pay. 

The means by which this sense of insecurity has been 
engendered have been catalogued ad nauseam over the past 
several months. The science budget (now £500 million a year in 
round numbers) has indeed been held constant, bat the rats have 
been allowed at it. Other government departments than the 
Department of Education and Science have reduced the scale of 
their research commissions, the demand for research funds from 








research equipment has grown faster than inflation — and the 
competition has intensified. The most serious source of the 
financial pressure on research is the collapse of the convention 
that universities will meet the overhead cost of academic research 
out of the budgets provided by the University Grants Committee. 
Since the general budget reduction for the universities decreed at 
the end of 1980, the assumption that university teachers will be 
competing equally for research grants from ‘‘well-found’’ 
taboratories, always something of a fiction, has become a sick 
joke. Such funds as all but the best-blessed universities receive are 
used to keep body and soul together. 

The research community is not entirely free from blame. The 
research councils, jealous of their autonomy and proud of 
representing some part of the research community, have 
shamelessly followed fashion as dictated by the British 
Government. If the word goes out that engineering is neglected, 
the Science Research Council obligingly adds ‘‘and Engineering” 
‘to its name. If Mr Kenneth Baker, the information technology 
< minister, has a rush of blood to the head, funds are chiselled from 
budgets already under strain to provide new graduate courses and 
earmarked grants for research in information technology. 

A similar complaint can be levelled at the universities. The 
threefold increase of student entry in the past two decades has not 
prompted the careful examination of how students should be 
taught that reason would require. Just as undergraduates are ill- 
prepared for working lives in the real world by the notoriously 
paradoxical and uniquely British blend of specialism and 
detachment, so the standard British preparation for a career in 
research (a PhD course), consisting of giving a young person a 
research problem and telling him to come back when it has been 
solved, seems ever more amateurish. 

Some say that, by pointing to these and other failings of the 
research enterprise in the past few months, Nature has been 
disloyal to the British part of its constituency. But so long as there 
are steps the research community might take to defend itself 
against mediocrity, the opportunities should be recognized. 


Impatience 
< The true culprit is in any case the British Government. Money is 
not the only problem. Although the science budget has been 
stagnant for nearly fifteen years, the reasons, when properly 
explained, are understood. Except for Mrs Shirley Williams’ spell 
at the Department of Education and Science between 1976 and 
1979, successive governments have made plain both their 
impatience with the research enterprise and their inability to 
= understand that its needs are as much psychological as material. 
The now-constant harping on the need to conjure prosperity from 
research would give less offence if it less obviously implied that 
: ingenuity is like water which can be diverted in one direction or 
another as in an irrigation channel. 
The five years of the present administration have been dis- 
_-astrous. The government has been playing cat-and-mouse with 
the universities. At the end of the year in which Mrs Thatcher 
promised to protect the science budget, Mr Mark Carlisle decreed 
the reduction of university incomes by between 8.5 per cent and 
13.5 per cent on the basis of a calculation of student demand for 
higher education now acknowledged to have been spurious (see 
Nature 19 July, p.175) and then promptly vanished from the 
scene. His successor, Sir Keith Joseph, who seems to be an earnest 
man, has been learning about education more empirically, and at 
the expense of other people’s peace of mind. Mr Carlisle’s 
promise of “level funding’? has been followed by threats of 
continuing reductions, and academics whose place is at the 
laboratory bench have been assembled once more into 
committees to plan for a parlous future. Yet the big questions 
about higher education (the binary divide for example) remain 
untackled. 
The goverhment does not appreciate that continuing 
-uncertainty saps the spirit. What seems (to the government) to be 
“keeping up the pressure” on a set of institutions regarded as 
unproductive and self-interested is a recipe for their permanent 


an increased number of trained people has grown, the cost of - 














debilitation. Four years ägo, British universities might have 


benefited from a short period of upheaval. But the agony has been 
dragged out, by continuing parsimony and the government’s 
indecision. The quality of British higher education is being 
debased by attrition. 

The science budget is another kettle of fish, the Prime 
Minister’s direct responsibility. So much was made clear in 1982. 
And it was Mrs Margaret Thatcher herself who refused the 
request for extra funds last year with the remark that ‘‘£500 
million is a lot of money’’. So it is. There are also circumstances in 
which it might be sufficient. But they do not now obtain in 
Britain. 

The most obvious impediment to the survival of the British 
research enterprise is its legacy from the past. Research councils 
are lumbered with many research institutes or facilities built for 
the general use of the research community in happier times. The 
managers of these enterprises, if free agents, would no doubt 
prefer to start again, from somewhere else. But they are trapped 
between the knowledge that closing down a modestly worthy 
group or institution may be a national disservice and the wish 
somehow to embark on new adventures. There may be lessons for 
the future to be learned from all this. 

The British Government’s insensitivity to this dilemma is 
feckless. £500 million is a lot of money, but the government 
behaves as if its obligations are discharged once it has written the 
cheque. When currency fluctuations mean that the real cost of 
international subscriptions is unexpectedly increased, the 
research councils have to plead with the Treasury for partial help. 
When government departments cut back on their research 
commissions, taking income away from research institutes, 
nobody lifts a finger. If, for the sake of making room for new 
ventures, the research councils decide they must reduce their 
staffs, they know that they collectively must pay the costs. 


Neglect 

Indolently, the government does nothing even to consider the 
benefits that would accrue from redesigning the canvas on which 
its policy for research — civil, industrial and military — is at 
present drawn. Advisory committees continue to advise, but 
increasingly in a vacuum: specific advice (last year’s 
recommendation from the Advisory Board for the Research 
Councils that the research enterprise needs more money) may be 
turned down flat, prescriptive advice (say on the proper 
relationship between industry and universities) may be published, 
briefly mentioned, discussed in journals such as this and then 
allowed to take its chances with the burden of public 
administration. Yet the British Government’s total spending on 
research is ten times as great as the science budget proper. That a 
government apparently reconciled to expenditure on such a scale 
should be so indifferent to the uses made of it, but so vigilant in 
the control of marginal expenditure, is a recipe for providing an 
empirical demonstration that, in research, neglect can kill off 
even expensively supported enterprises. 

But will not the transformation of the British research 
enterprise now being effected lead to stronger links with industry 
and to a more productive relationship between the two? That 
seems part of the government’s justification. Starve the 
academics, and they will turn into industrial researchers. The flaw 
is that there is indeed a connection between discovery and 
application — and that the applications the British Government 
hopes for will probably flow from discoveries not yet made. So 
the outcome may be that which disappointed the dog in Aesop’s 
fable, which dropped his bone to grab at its reflection in the water. 

So what can be done to retrieve the situation? Sadly, the answer 
may be “Nothing”. Certainly, there can be no sure recipe for 
turning things around. As time passes, the chance of success 
further diminishes. More money is probably an ingredient of any 
rescue package. More important are an end to the harassment of 
the past five years, a willingness by the British Government to - 
create a framework within which research may prosper and some 
sign that it understands what the whole enterprise is about. And 
speed. eee 












Non-proliferation treaty _ 





United States asks for 
more safeguards 


Washington 

THE Reagan Administration, which in the 
past has taken a sceptical view of nuclear 
non-proliferation efforts, has had a change 
of heart. At a meeting earlier this month in 
Luxembourg of Western nations that sell 
nuclear equipment and materials, the 
United States pressed for adoption of a 
uniform requirement that all future sales be 
conditional on the purchasers’ acceptance 
of ‘“‘comprehensive’’ safeguards — mean- 
ing that all nuclear facilities in the country 
must be open to inspection by the Inter- 
national Atomic Energy Agency (IAEA). 

The State Department indicated that no 
agreement was reached on the US request, 
but-it seems to have been acknowledged 
that present safeguards are inadequate. 
The meeting was called, the State Depart- 
ment said, to allow the Western supplier 
countries to ‘‘compare notes” in advance 
of forthcoming meetings of IAEA on 
assurance of supply and the review of the 
Nuclear Non-Proliferation Treaty (NPT) 
scheduled to be held next summer in 
Geneva. Eastern bloc countries, which 
have participated in meetings of the so- 
called London Suppliers Group, were not 
invited. 

The United States has very strict rules 
governing the-export of nuclear materials. 
Unless waived by the President, the rules 
require that no country may purchase 
nuclear equipment, fuel or related 
materials unless it has comprehensive safe- 
guards in place. Under NPT, non-weapons 
states must also accept comprehensive 
safeguards. But nothing in NPT prevents a 
signatory from selling equipment or 
materials to a non-NPT state that does not 
accept comprehensive safeguards. Sup- 
pliers are bound only to gain assurances 
that safeguards will apply to the particular 
items they are selling. 

It is this loophole that the United States 
is now apparently trying to close. Several 
European countries, notably France 
(which has not signed NPT), have been 
extremely reluctant to restrict their markets 
for nuclear equipment. Purchasers who 
would be affected by the US proposal 
include Argentina, Brazil, India, Pakistan, 
South Africa and Israel, all of which have 
nuclear facilities (reactors, enrichment 
plants or reprocessing plants) that are not 
under IAEA safeguards. 

Although President Reagan announced 


Correction 

In the article on the Dutch research coun- 
cil; ZWO, in Nature 309, 497-498 (1984), 
the space research institute’s budget for the 
building of instruments was given as Dfl 50 
million: It isin fact Df! 15 million. oO 





his intention to press for the new uniform 
restrictions more than a year ago, there 
have been no signs of action until this 
month. Reagan did not raise the issue at the 
Williamsburg summit meeting, which 
came one month after the announcement, 
as many expected he would. 

And within three months of the 
announcement, the Reagan Admini- 
stration approved the sale of spare reactor 
parts to India, the transfer of heavy water 
to Argentina and the sale of computers and 
other equipment to South Africa. It has 
also arranged for third parites to supply 
nuclear fuel to India, South Africa and 
Brazil. Stephen Budiansky 





Pakistanis indicted 


Washington 

CONCERN over proliferation of nuclear 
weapons was underlined last week by the 
indictment of three Pakistani nationals in 
Texas on charges of attempting to export to 
Pakistan critical electronic components 
that, according to the indictment, could 
be used in the development of nuclear 
weapons. The Justice Department refused 
to discuss the case further. 

Last month, Senator Alan Cranston 
(Democrat, California), released what he 
said was “substantial’’ new information 
about Pakistan’s efforts to get the bomb. 
According to Cranston, Pakistan now has 
an operating uranium enrichment plant 
capable of producing 15 kg of highly 
enriched uranium a year, about enough to 
make one bomb. A reprocessing plant, 
based on designs that France supplied 
before finally cutting off assistance, is also 
in the works. (The head of Pakistan’s 
nuclear programme, Dr A. Q. Khan, has 
been convicted by a Dutch court of stealing 
plans for the enrichment plant from the 
URENCO plant in Holland, where he 
worked.) Pakistan has an indigenous 
supply of uranium ore and a plant for con- 
verting it to uranium hexafluoride. 

Although the reprocessing of plutonium 
from Pakistan’s KANUPP power reactor 
is, in theory, a source of bomb materials as 
well, it would take essentially all of the 
spent fuel so far produced to yield a 
sufficient quantity for one bomb, 
according to Warren Donnelley of the 
Congressional Research Service. The 
KANUPP reactor is under IAEA safe- 
guards, although some lapses — including 
chronic failures of monitoring cameras — 
have been reported. Cranston also said that 
China has apparently provided technical 
assistance to Pakistan on warhead design 
since the late 1970s. Stephen Budiansky 

















Sellafield 
Cancer risk 
reviewed 


IN November last year, a documentary pro- 
duced by Yorkshire Television (YTV) 
claimed that the proximity of British 
Nuclear Fuel Limited’s nuclear reproces+ 
sing plant at Sellafield (Windscale) to the’ 
village of Seascale in Cumbria could be a` 
factor in producing cases of childhood 
leukaemia in Seascale. The Department of 
Health and Social Security set up an 
Independent Advisory Group chaired by 
Sir Douglas Black to assess the claims and 
its findings are published this week. 

As the report admits, the claim that the 
reprocessing plant was a factor in causing 
leukaemia ‘tis not one which can be 
categorically dismissed...nor is it easy to 
prove”. There is, the report concludes, 
sound evidence for YTV’s claim of an 
increased incidence of leukaemia in the 
village, which the report calls ‘unusual bu: 
not unique’’. But the number of children. 
who developed leukaemia in a 30-year 
period at Seascale was less than 10 and 
there is some uncertainty about the true 
size of the relevant population. 

Sir Douglas criticizes existing state 
bodies that monitor environmental pol- 
lution in Cumbria, chiefly the Ministry of 
Agriculture, Fisheries and Food (MAFF) 
and the National Radiological Protection 
Board (NRPB). There is, he says, evidence’ 
of a lack of coordination and he calls for a 
far more thorough investigation of cancer 
incidence in the region. 

For West Cumbria as a whole, however, 
the mortality for childhood cancers is close 
to the national average. The report finds no. 
conclusive evidence of any general risk to 
health for children or adults living near to 
Sellafield when compared with the rest of 
Cumbria. To those living in Sellafield who 
are worried about the cancer risk Sir 
Douglas offers ‘‘a qualified reassurance’’. 

Perhaps the major recommendation of 
the report is the call for tighter government ` 
controls on the activities of British Nuclear 
Fuels Limited (BNFL). It is recommended 
that there should be formal consultation 
between BNFL and area health authorities 
over the possible health consequences of 
discharges, and. particular stress is placed 
on the need to remove solvents from the 
discharges. The waste from Sellafield con- 
tains higher levels of emitters of alpha as 
well as beta and gamma radiation than that... 
from similar installations in other” 
countries, and the report recommends a: 
critical review of the reasons for this. 

BNEL itself, however, has made moves 
to ‘‘clean up” Sellafield, and weeks before 
the publication of the Black report 
announced plans to reduce discharges to a 
level ‘‘as close to zero as posstble’’. a 








*Investigation of the Possible Increased Incidence of- ` 
Cancer in West Cumbria, Report of the Independent 
Advisory Group (HMSO £6.70). 
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New money for cancer 


Tokyo 
JAPAN’s ten-year programme for cancer 
¿control? has begun to take off with the 
announcement by the Ministry of Health 
and Welfare (MHW) last week of details of 
¿six major research projects. New funds — 
“around 4,500 million yen (£14 million) this 
year — are already being put to use and will 
become fully available in October. 

_ The ambitious new research campaign is 

being conducted jointly by MHW, the 
> Ministry of Education, Culture and 

Science (MESC), and the Science and 

Technology Agency (STA), with MHW as 

overall coordinator. Its inspiration comes 

partly from the soaring incidence of cancer 
: — now responsible for around 24 per cent 
“of all deaths — and partly from Prime 
Minister Yasuhiro Nakasone’s enthusiasm 
for the life sciences, see also Nature 249, 
187; 1972). 

The new funds come on top of expen- 
diture for cancer research of around 
Y1,800 million for MHW and Y2,000 
million for MESC. But the big difference is 
that about half of the new money is for 
“personnel” rather than research grants: 
there will be new fellowships, travel grants 
and special ‘research resident” fellow- 
ships in hospitals and, in the most radical 
departure from tradition, new oppor- 
tunities for foreign scientists to work in 
Japan. This last move signals the con- 
fidence of Japanese scientists that their 
basic research is now as good as that in the 
West. MHW alone hopes to employ some 
30 scientists from abroad for 1-3 year 
periods, mostly at the National Cancer 
Centre Research Institute. 

To make the new system work flexibly 
and to get away from government bureau- 
cracy, MHW is spending its Y1,500 million 
share of the new money through a new 
“Foundation for Cancer Research and 
additional funds are now being sought 
through appeals to industry. The 

foundation is also to sponsor visits from 
+ foreign lecturers; Paul Marks, president of 
New York’s Sloan-Kettering Institute, will 
be one of the first. 

Each of the three organizations will 
pursue its own cancer research programme 
-but those of MESC and MHW are closely 
coordinated. The STA programme is more 
concerned with research ‘‘support tech- 
nologies’’. The new MESC-MHW 
programme is divided into six main 
“projects, each looked after by scientists 
from both ministries: on the MHW side, 
overall leadership comes from the National 
Cancer Centre Research Institute and its 
director Takashi Sugimura. Research will 
be carried out at universities, government 
¿research laboratories and hospitals 
throughout Japan. 

In the first project, there will be intensive 
- Studies of oncogenes, where recent rapid 
advances had at first left Japanese 











researchers rather behind. The situation 
has now been remedied, Professor 
Sugimura believes; his institute too is to 
have a new division especially devoted to 
the study of oncogenes. 

The second project, on cancer-causing 
viruses —- especially hepatitis B virus and 
adult T-cell leukaemia (ATL) virus — will 
tap some fast-moving research on the 
occurrence of ATL in the island of Kyushu. 

Native research also features strongly in 
the third project which will search for new 
carcinogens and examine the mode of 
action of promoters and initiators of 
cancer. 

Japan’s proven skills in electronics will 
contribute to the fourth project’s aim of 
developing better early diagnosis pro- 
cedures. Digital radiography techniques 
have already reduced X-ray exposures in 
mammography to one-tenth of former 
values and have the potential to make mass 


) screening totally safe. N 
























ew state of the art 
electronic technologies are the next 
objective — extra-small endoscope tele- 
vision cameras, cell diagnosis equipment 
capable of distinguishing cancer and 
normal cells and a capsule which can be 
swallowed and will then radio such para- 
meters as stomach pH and enzyme activity. 

The fifth project will look at new cancer 
treatment methods including the use of 
prostaglandins and activated vitamin-83, 
both of which have shown some promise as 
anti-cancer agents. The possibility that 
drugs that knock out the activity of the 
products of oncogenes may be effective in 
cancer treatment will also be pursued. 
Radiation therapies with new types of part- 
icles will continue to be supported. 

The last project aims at understanding 
the immunology of cancer and investi- 
gating the use of interferons, interleukins 
and other immune substances in curing 
cancer. Monoclonal antibodies will also be 
studied both for their value in early 
diagnosis and in the hope of constructing 
‘*magic bullets’’. Alun Anderson 





UK oceanography institute to close 


THE Taunton site of the Institute of 
Oceanographic Sciences (IOS) will be 
closed down in mid-1985 as a result of a 
decision by the Natural Environment 
Research Council (NERC). The intention 
is that the two main areas of research 
traditionally carried out at Taunton — 
waves and sedimentology — will be 
strengthened by moves to the other IOS 
sites at (respectively) Wormley and 
Bidston, where related research is already 
carried out. NERC officials acknowledge 
that short-term damage to current research 
may result. 

Deliberations on the future of IOS 
started last year (Nature 306, 102; 1983), 
partly in the context of economic pressures 
on NERC but also with a possible view to 
rationalizing the presently dispersed 
institute (Bidston is in north-west England 
while Wormley and Taunton are in the 
south and south-west respectively). It was 
eventually decided that the development of 
a single institute would be too costly, and 
in terms of the construction of new ac- 
commodation, an expanded Bidston site 
offers the cheapest option. 

However, a spokesman for NERC 
emphasized that the financial savings that 
would follow the move are not significant 
~~ at least in the short term — and that 
scientific considerations provide the ulti- 
mate rationale. Research at Taunton on 
waves will be amalgamated with other 
work at Wormley on the oceanic upper 
boundary layer. The sedimentology now 
under way at Taunton will move to 
Bidston, where research on continental 
shelf water dynamics is already carried out. 
Indeed, the new move is seen by some as the 
effective establishment of a distinct con- 


tinental shelf division of IOS, strength- | problems,” 





ening the Bidston site. 

The uncertainty following last year’s 
announcement of a review of the IOS sites 
has already increased the rate of staff 
departures from Taunton, whose 
personnel have decreased in number by 25 
per cent over the past year. Other staff are 
known to be looking for jobs or are tied to 
the area for family reasons. However, 
NERC’s secretary, Dr John Bowman, said 
that, in his experience, more people move 
to new sites in such circumstances than 
initially expect to do so, and that putting 
together groups of researchers in related 
fields would help to stimulate research. 

The IOS closure occurs in a changing 
context of university research in the United 
Kingdom. As a result of a University 
Grants Committee initiative, two univer- 
sity oceanography departments (South- 
ampton and the University College of 
North Wales at Bangor) are to be sig- 
nificantly expanded. The intention is that. 
the strengthened Bidston site will be able to 
collaborate with Bangor and with marine 
science and technology expertise at Liver- 
pool and Manchester for example. The 
Bidston laboratory will also carry out com- 
missioned research for government depart- 
ments on the sedimentary fate of 
plutonium discharged from the Sellafield 
nuclear waste processing plant. 

The director of the Taunton site, Mr 
M.J. Tucker, was less than overjoyed at the 
news of the closure. ‘‘While I see that there 
may be long-term benefits in an expanded 
site at Bidston, the short-term cost will be 
significant. The aim must now be to grasp 
the nettle and stimulate people's 
imaginations with the idea of working at a. 
centre devoted to continental shelf 
Philip Campbell 
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US space station 


No enthusiasm 
in Congress 


US PLANS for a permanent manned space 
station, now being pursued enthusiastically 
by the National Aeronautical and Space 
Administration (NASA), have failed to 
impress Congress’s Office of Technology 
Assessment (OTA). In a report on the 
ambitious plan to be published next 
month, OTA says it can find no ‘‘com- 
pelling, objective, external case” either for 
the space station options now being con- 
sidered or for the likely cost to the public. 

That many industrial companies have 
expressed an interest in participating in the 
project has however convinced OTA that 
there is a ‘‘persuasive’’ rationale for some 
sort of permanent space infrastructure, 
which is seen as essential if the United 
States is to retain its leadership in civilian 
space activities. The Soviet Union has, it 
notes, made a commitment to the 
permanent occupancy of space and has 
more experience with orbital stations. 
More than a hundred conceptual uses have 
been identified which have potential for 
science, technology and commerce, and 
individual companies and countries have 
made clear their desire to play a continuing 
role in the utilization of the space station’s 
facilities. But, says OTA, there is no need 
in the near future for all the station 
elements advocated by NASA. 

Among the uses for a space station 
accepted by OTA are ‘‘sophisticated’’ ex- 
periments in life sciences and materials 
sciences and trials of new instruments and 
activities. The station would also permit 
fuel and supplies to be warehoused in low 
Earth orbit, so allowing more efficient 
staging of voyages to higher orbits and 
Solar System destinations as well as repair 
and maintenance of complex satellites. But 
OTA is concerned that sufficient resources 
should be made available for development 
of these activities, otherwise ‘‘the rationale 
for the infrastructure vanishes’’. Some of 
the activities, OTA notes, would certainly 
need an on-board human workforce, if not 
a permanent crew: automated facilities for 
all the activities envisaged are unlikely to be 
available before the year 2000. But OTA 
concludes that it is impossible to define 
exactly what is required until a national 
consensus has been reached on objectives. 

A range of possible objectives con- 
sidered by OTA produces cost estimates 
for different options ranging from well 
below to well above the projected NASA 
proposals. Although finding sources of 
finance is unlikely to be a fundamental 
constraint on the programme, OTA seems 
_to be suggesting that by adopting an 
“economy model’’ approach to the space 
station, the drain on federal funds could be 
very much reduced. Private companies 
may well be used to develop the free-flying 
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platforms envisaged by NASA, for 
example. NASA’s plans are likely to cost 
$8,000 million for ‘‘initial operating 
capability” or up to $20,000 million for the 
full version. 

Besides accusing NASA of not having 
properly thought out its technical 
objectives, OTA suggests that NASA’s 
plans have been influenced by the belief 
that the agency could not long survive in its 
present form without some new large space 
programme: a series of less grandiose 
schemes would, OTA suggests, not have 
provided NASA with the same guarantee 
of long-term funding. But OTA wants 
NASA to stand aside wherever possible for 
private industry, and concentrate instead 
on the ‘‘very best of space-related 
science’, Rather than a development 
effort aimed at producing the best designs, 
OTA wants a pragmatic ethic to dominate 
the process: programmes should be 
thoroughly defined in advance and 
deadlines should not be allowed to slip; 





existing technology should be used except 
when this is clearly impossible. 

OTA also has some interesting 
reflections on policy for international co- 
operation. It notes that the United States 
really has no need of such cooperation and 
could perfectly well develop a space station 
on its own if this suited. Furthermore, any 
sort of international cooperation is bound 


to be a possible source of friction and 


conflicting interests: the report notes that 
negotiations with the European Space 
Agency have already highlighted the 
potential for differences of opinion over 
how the project should be managed. 
Despite the problems, however, a 
cooperative approach would seem to be 
advantageous: the United States would 
prefer to be the dominant partner in space 
exploitation over the next few decades, and 
“‘locking in’’ its most likely competitors for 
dominance into a US-led system would goa 
long way towards achieving this goal. 

Tim Beardsley 





Telescope for 1990s 


Multiple choice on mirrors 


Washington 

THE United States’ premier ground-based 
optical telescope in the 1990s and beyond, 
the National New Technology Telescope, is 
now almost certain to be a multiple mirror 
instrument. A scientific advisory commit- 
tee to the National Optical Astronomy 
Observatories (NOAO) has decided in 
favour of the multiple mirror option rather 
than the competing segmented mirror 
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design and NOAO is expected to approve 
the choice in August after a full technical 
report has been completed. 

The decision was by all accounts a dif- 
ficult one. Although either would have 
been feasible, the multiple mirror design 
seems in the end to have won primarily 
because its instrumentation was less likely 
to be a limiting factor in use. The telescope 
will have four 7.5-metre mirrors in a square 
configuration, giving a light-collection 
rating equivalent to a single 15-metre mir- 
ror but a baseline aperture, limiting in 
infrared observations, of 21 metres. 
Although the multiple mirror design calls 
for more detectors, construction of instru- 
ments such as spectrographs will be 
simpler. 


Apart from producing the mirrors, a ma- 
jor challenge will be in aligning them with 
sufficient accuracy for use in combined 
beam mode, for which the light paths have 
to be identical in length. One factor in the 
minds of some committee members seems 
to have been that even if the alignment does 
prove to be a problem, there is still a lot of 
science that can be done with the four mir- 
rors separately. If there are comparable 
problems with a segmented mirror design, 
however, the result could be an expensive 
white elephant. Either design is likely to 
cost more than $100 million. But Dr 
Jacques Beckers, who heads NOAO’s ad- 
vanced development programme believes 
the alignment problem can be overcome. 

The multiple mirror design will have a 
wider field of view than the segmented mir- 
rorcould reach, and will therefore be better 
for such uses as multi-object spectroscopy. 
Wide-field direct imaging, on the other 
hand, will be less well served. The complex 
diffraction pattern of a multiple mirror will 
make disentangling separate faint sources 
more difficult, and many observations will 
take longer. The clinching factor, by one 
account, was that the multiple mirror 
design produces images that are more com- 
patible with pixels of charge-coupled 
devices; having too many pixels per star in- 
troduces a new kind of error. 

After NOAO has formally approved the 
design concept, work will begin on detailed 
technical proposals. A submission for 
funds to the National Science Foundation 
would follow in a year or two. In the 
meantime, studies will continue into a 
possible site for the telescope, likely itself 
to be a contentious affair. The two 
possibilities now being considered are 
Mount Graham, in Arizona, and Mauna 
Kea in Hawaii. Tim Beardsley 
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Assisted fertilization 


Legal restraints proposed for UK 


Tue much-advertised report of Dame 
“Mary Warnock’s committee on human 
“embryology, published last week*, has 
“gurprised those working in the field by 
“advocating criminal sanctions to enforce 
‘the regulations it recommends (see also 
p.269). The committee would outlaw most 
‘forms of surrogate motherhood as well as 
studies of human embryos after the four- 
teenth day beyond fertilization. All 
‘research with human embryos in vitro will 
have to be approved by a committee to be 
appointed under statutes not yet enacted. 

The committee has been able to reach 
“agreement on most issues dealt with by 
acknowledging that many of its 
¿recommendations may seem unduly lax to 
: many sections of the community, but that 
“they are justified by their relevance to 

beneficial medical treatment, chiefly of 
“infertility. The committee has thus side- 
«¿stepped contentious questions such as 
abortion and has replaced the question of 
when life (or ‘‘personhood’’) begins by the 
-ethical and legal question “‘how is it right to 
treat the human embryo?” The committee 
points out that practices that might be 
_ justified by a utilitarian calculation of costs 
and benefits may nevertheless be morally 
unacceptable and that a society with “no 
«4nhibiting limits’’ would lack moral 
scruples, which ‘“‘nobody wants’. The 
committee considers its recommendations 
of legislation the ‘‘minimum requirement 
. for a tolerable society’’. 
¿o The treatment of infertility by new 
techniques is wholeheartedly supported by 
the committee’s. report, which rejects 
objections of principle and on grounds 
such as the need to restrict population 
< growth. It advocates the more systematic 
collection of data on the incidence of infer- 
tility and (in Britain) the provision of in- 
fertility services in the next round of capital 
development plans for the National Health 
Service. No firm opinion is offered on the 
~ provision of help with childbirth for female 
homosexuals. 

To:the extent that the new developments 
involve donors (of sperms or ova) and 
recipients, the committee asks that the 
~ jdentitities of both parties should not be 
disclosed to each other. But where a child is 
chot the exclusive genetic offspring of its 
-rearing parents, the committee would 

allow (on majority at eighteen) limited 
information about the genetic parent 
(ethnic origin, genetic well-being, etc.). 
An important part of the committee’s 
‘report is intended to bring in from the 
shadows the practice of artificial 
_ insemination by donor (AID), by which at 
least 1,000 pregnancies are known to have 
: been achieved in Britain in 1982. The 
committee advocates an arbitrary limit of 
ten children fathered by a single donor. 
The practice of in vitro fertilization is 
commended, but within a framework of 











licences and in the knowledge that the 
overall success rate is still low. 

By symmetry, the committee would 
apply the same principles to the transfer of 
a fertile egg from one woman to another, 
but says that the use of this technique in the 
treatment of female infertility is likely to be 
limited because eggs cannot now be frozen 
successfully. Donated eggs are therefore 
more likely to be used for the production of 
embryos in vitro. 





Warnock’s law 
ENFORCEMENT of the Warnock commit- 
tee’s proposals would rest with a statutory 
licensing authority on which there would 
be ‘‘substantial lay representation’’, witha 
lay chairman in charge. The committee 
would license practitioners providing 
treatment, license researchers and also 
approve individual investigations. The 
commission would also issue guidelines on 
the kinds of experiments likely not to be 
approved and would superintend the 
working of the legislation and the 
collection of data. Breaches of the terms of 
a licence would be criminal offences. 

The proposal that practitioners should 
be licensed will effectively make AID a 
regulated service. AID births would also 
formally be legitimized (and so would not 
formally require adoption by the mother’s 
husband), while donors’ rights and respon- 
sibilities would be legally extinguished. 

Organizations seeking participants in 
surrogacy would be banned, and those 
operating them, together with ‘‘pro- 
fessionals and others who knowingly assist 
in the establishment of a surrogate preg- 
nancy”, made liable to criminal prose- 
cution. 

Warnock says that the licensed use of 
frozen embryos should be permitted. The 
status of frozen semen (and ova) should be 
reviewed after five years when, if the donor 
cannot be traced, responsibility should 
pass to the storing authority. Frozen 
embryos should not be stored for more 
than ten years, and the committee says that 
there should be no rights of ownership in 
embryos but only a “right to use or 
disposal’’. This should pass to the survivor 
if one of the genetic parents should die and 
to the storage authority if both die. In 
default of agreement between genetic 
parents the storage authority would again 
step in. Embryos not in utero at the death 
of a genetic father should be ‘disregarded 
for the purposes of inheritance and 
succession’’. 

On the regulation of research, licensing 
is again the guiding principle. The com- 
mittee notes that consistency requires the 
same regulations for the use of fetal 
material, in Britain at present regulated 
only by an official code of practice. 0 
























Warnock draws a firm line at the practice 
of surrogate motherhood where the. 
mothers are not intended to keep the child, 
chiefly because of emotional and legal 
difficulties but also because of fears of 
“commercial exploitation’’. 

Apart from the treatment of infertility, 
the committee says there is a role for the use 
of donor eggs and sperm in the avoidance 
of hereditary disorders. It is, however, 
“dubious” of the widespread practice of 
gender determination except where the 
objective is to avoid sex-linked genetic 
disorders. The report even recommends 
that ‘‘do-it-yourself’’ sex-determination 
kits should come within the framework of 
the UK Medicines Act, which regulates the 
safety, efficacy and sale of drugs and other 
medicaments. 

On research with in vitro embryos, the 
Warnock committee has sought a balance 
between the view that embryos are human 
beings from the point of fertilization and 
that which holds that the potential benefits 
of research are substantial, especially in 
relation to genetic disorders which are 
uniquely human. It has therefore accepted 
the view that even the earliest human 
embryos should be accorded ‘‘a measure of 
respect” greater than that due under the 
law to animal embryos, and recommends 
that research should be allowed only under 
licence, and subject to detailed approval of 
experimerital protocols. The proposed 
time-limit of fourteen days from fertili- 
zation is chosen as that at which the neural 
streak is thought to appear in the 
developing human embryo. Research, the 
report says, should be carried out wherever 
possible with the consent of the genetic 
parents. 

Of the more futuristic possibilities, the 
committee would allow experiments in 
cross-species fertilization, but embryos 
would have to be destroyed after the first 
cell division. The uses of embryos for 
testing drugs may be permitted in circum- 
stances to be decided by the licensing 
authority, but the transfer of human 
embryos to the uteri of other species would 
be banned outright. The report says that , 
cloning is too far ahead to require legis-` 
lation. The committee thinks it unlikely 
that the practice of using a few cells from an 
early embryo will be used for genetic 
diagnosis so long as the success rate 
expected for the birth of a full-term child 
from the remainder of the embryo (which 
would have to be frozen pending the out- 
come of the diagnosis) remains small. 

For such a contentious subject, outright 
expression of dissent from the majority 
view are few, The members of the Warnock 
committee insist there may be a place for 
surrogacy in special circumstances. Three 
reject experiments on human embryos, 
while four say that research should not be 
permitted on embryos created for that. 
purpose. g 
*Report of the Committee of Inquiry into Human 


Fertilisation and Embryology (Cmnd 9314, "HMSO, 
£6.40). : 









UK research 


Catalogue of scarcity 


THE ability of the British academic com- 
munity to undertake fundamental research 
to international standards is being seriously 
damaged at all levels. Moreover, older 
researchers are stopping work prematurely 
while younger members are leaving to work 
abroad in abnormal numbers. 

These are two conclusions of a detailed 
study of the research grants awarded over 
the past few. years by the Science and 
Engineering Research Council (SERC) 
which highlights the significant proportion 
of grant applications, judged by peer 
review to be of the highest calibre, that 
have had to be turned down for lack of 
funds. 

As well as collating and analysing 
statistics of SERC’s grant awards, the 
steering group that prepared the report 
commissioned six consultants to visit 
research centres:and monitor the peer review 
process. The report concentrates on the ac- 
tivities of the Science Board (which sup- 
ports research in physics, chemistry, 
biology and mathematics and related 
fields) and the Engineering Board, 
touching only briefly on the Astronomy, 
Space and Radio and the Nuclear Physics 
Boards. 

Grant proposals to all the boards are 
graded by SERC into three categories: 
alpha (to be supported ‘‘at all costs’’ for 
their scientific merit and, in engineering, 
for their potential industrial applicability), 
beta (sound science to be supported if 
money is available) and gamma (to be re- 
jected). Until the financial year 1978-79, all 
alphas and some betas were supported. 
Since then, some alphas have been turned 
down every year, even though the alpha 
standard as applied in SERC’s peer review 
process has risen during the period of the 
study. Predictably, the number of grant 
applications as a whole to SERC has risen 
as other sources of funds have diminished, 
particularly for chemistry, physics and 
biology. 

The report says that further strains have 
arisen from the significant decline in the 
support for university departments by the 
University Grants Committee (UGC) 
under the ‘“‘dual support system”. As a 
result of the substantial decline in UGC’s 
general grant, academic staff have heavier 
teaching loads, thus increasing the need for 
SERC to support research staff. 

The statistics show that, although the de- 
mand for grants has varied considerably 
between disciplines (and the number of 
grants recommended for funding in the 
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alpha category roughly pro rata), more 
than 20 per cent of alpha applications in 
most subject areas in 1982-83 were left 
without support. 

Care is required in the interpretation of 
the figures because some of the applica- 
tions (about 10 per cent in some fields) are 
alpha-rated proposals resubmitted from 
previous years, but the report emphasizes 
the dangers of the resulting delays in com- 
petitive fields. It also says that the trends 
after adjustment to 1982-83 prices under- 
estimate the purchasing power of earlier 








periods because salaries have risen faster- 
than inflation. 

In many areas, the ability to fund alpha. 
proposals is reported to have diminished 
further in the current year. The report 
concludes that the council’s capacity to 
respond to proposals for high quality: 
research —— particularly unsolicited’: 
applications containing novel ideas that 
might lead to significant developments in 
the future — is being seriously 
undermined. The report recommends the” 
immediate allocation of extra money, 
particularly for unsolicited proposals: it 
also recommends that the movement 
abroad of researchers be monitored 
systematically. Philip Campbell |: 





Where the cuts fall 


Details of the impact of budget shortages in 
different areas areas as follows: 

@ Physics. Following the Vinen report in 
1982, the Science Board attempted to off- 
set a perceived decline in the activity of the 
UK physics community. Nevertheless, 
although the demand for grants has risen 
steadily, the available funds have decreas- 
ed by 9 per cent in real terms so that, by 
1982-83, the proportion of alpha applica- 
tions refused had risen to 28 per cent by 
number. Types of proposals particularly 
affected have included those representing 
changes in direction of research groups or 
new ideas coming from exceptionally able 
younger individuals. 

© Chemistry. In contrast with previous 
years, the chemistry community is almost 
entirely dependent on SERC for financial 
support, so that the number of applications 
has increased significantly. In 1982-83, the 
proportion of alpha proposals unsup- 
ported was 29 per cent. According to the 
report, about 40 per cent of the chemists 
whose alpha-rated applications were refus- 
ed afterwards abandoned them complete- 
ly. Problems have arisen particularly when 
sophisticated instruments such as mass 
spectrometers, which can be of use to a 
department as a whole, become essential 
but cannot be provided. The report points 
to a trend of opting out, early retirement or 
emigration to Europe. 

è Biology. Although the biological 
sciences are supported by all four science 
research councils, as well as outside spon- 
sors, SERC is expected to support funda- 
mental research which other sources 
(devoted to a more applied emphasis) will 
not provide for. In the context of a steadily 
increasing demand, the proportion of 
alpha proposals unfunded in 1982-83 was 
17 per cent. The report highlights a signifi- 
cant number of researchers leaving the 
United Kingdom. It also points to the 
“sophistication factor’? as a result of 
which, for example, the demand for costly 
nuclear magnetic resonance equipment has 
risen considerably. Small departments suf- 
fer particularly when SERC can provide 
only part of the cost of a major piece of ap- 
paratus, and the balance cannot be found. 








© Mathematics. In 1982-83, SERC. 
supported about 5 per cent of the” 
mathematics community, UGC providing 
the majority of the balance (as is: 
traditional). But the demand has been | 
rising, partly because of the increasing use 
of computers by pure mathematicians. The 
proportion of alpha proposals unfunded 
had risen sharply by 1982-83 to 49 per cent. 
@ Materials Science. A rise in demand of | 
42 per cent since 1980-81 has been™ 
accompanied by a continuous fall in- 
support, with the result that the proportion: 
of alpha applications unfunded in 1982-83 © 
was 43 per cent. The report also says that, 
while many researchers are able to tailor. 
unsuccessful proposals for industrial. 
applicability and obtain alternative 
support, this trend is adversely affecting © 
fundamental research. ` 
@ Engineering. As with materials science,’ 
the unrequited alpha problem has, 
according to the report, been compensated.” 
for to some extent by industrial support at 
the cost of more fundamental research 
The average engineering grant request: 
(£36,000) exceeds that in science (£27,000). 
mainly because of higher demand by the 
engineers for technicians and research 
assistants. The consultants say that this is 
justified. Over the past decade, SERC has | 
given particular encouragement to engin» 
eering and it is only very recently that the” 
alpha problem has emerged. The report 
predicts that the number of combined. 
(CASE) grants jointly sponsored by 
industry and SERC will decrease. 
© Astronomy, Space and Radio Board. In | 
1982-83, the proportion of alpha proposals `; 
not supported was 17 per cent, but in the: 
previous two years it had been about 24 per . 
cent. The report points out that the ASR 
board has a number of large-scale 
continuing grant commitments which: 
squeeze other applications, significantly 
increasing the proportion of ordinary- 
alpha grants unsupported. 
@ Nuclear Physics Board. Although no 
details are provided, the steering group . 
reports that the problem faced is 
comparable with that of the ASR board. 
Philip Campbell, 





SIR — Nature has recently given much 
attention to the controversy about the 
heritability of IQ. Beardmore and Karimi- 
Booshehri! was followed by Teasdale and 
‘Owen? and the leading article (14 June, 
p.519) in which you make the point that 
fears that resolution of the nature-nurture 
debate may drastically affect policy are 
likely to prove unfounded, and that there is 
everything to be gained in terms of our 
understanding of how the human mind 
works, 

While few will deny that whatever it is 
that goes by the name of intelligence must 
have some basis in physical reality, I find it 
difficult to share your optimism that the 
‘determination that some part at least of 

human intelligence is heritable will bring us 
dramatically closer to an understanding of 
the functioning of the mind. The 
neurogenetics of man is (I hope) still a long 
way off, while mere recognition of the fact 
that genes seem to be somehow involved 
does not appear to bring us much nearer to 
such an understanding of the organization 
and ‘‘mechanims’’ underlying higher 
< mental functions. 
< What, on the other hand, is there to fear 
from the results of research into the 
heritability of 10 and other presumed 
measures of ability? Your argument that 
_ whatever research turns up should be faced 
With equanimity simply as more new and 
-interesting information springs, no doubt, 
“from a conviction that science must 
flourish without restraint and no area of 
research must be suppressed or wilfully 
ignored. In the long run, knowledge of the 
truth can only be to the good. Unfor- 
“tunately, however hard 1 try, I find it 
difficult to discover the good in IQ 
` heritability and allied lines of research. For 
-it is neither truth nor reason that 
“determines how the results of such research 
are applied. IQ research has been and will 
continue to be abused. Such abuse so far 
has shown the scantest respect for trivial 
(Matters such as scientific veracity. 
Profound. conclusions have been drawn 
from inconclusive data and these 
conclusions, far from being mere bones of 
academic contention, have been seized 
upon and paraded in support of the most 
obnoxious doctrines and the most inhuman 
ideologies. Never mind that the issue has 
» never been settled; if ever it is, so much the 
better; if not, we will just make do with 
distortions. 
Is it not rather naive to suggest that, just 
because the outcome of IQ research ought 
“not reasonably to influence social policy, it 
< will not in fact do so? And let there be no 
‘doubt that it has. Nobody need be 
reminded of Nazi genocide — suitably 
buttressed by obliging scientists (worthy 
Successors to the eugenics enthusiasts of 
slightly earlier times). Forty years later, 
fascist ideology is still alive and well — 
witness the correspondence in Nature as a 
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sequel to the appropriation of the selfish 
gene concept to their ideology by the neo- 
Nazi National Front of your country about 
two years back. 

And if anyone should look upon these 
things as aberrations that have had their 
day (which they are not), then there are 
other examples of how social policy and 
attitudes have been informed by 
misinformed science. Thus US immi- 
gration and military recruitment officials 
have in their time found inspiration in 
ethnically biased studies and writings on 
IQ. Racism draws comfort from learned 
though unestablished work claiming to 
discover the superiority of brains 
encapsulated in fairer casings (too 
irksome, though, the Japanese anomaly), 
and while Western governments shudder at 
the mention of apartheid, South Africa 
carries on with impunity — and tacit 
support, as its trade record will show. Not 
to be left behind as science surges ahead, 
Singapore has recently launched a 
programme scientifically to improve the 
quality of its population: graduates are to 
be given economic incentives to join hands 
with fellow graduates and raise large 
families, while the inferior non-graduate 
genes are to be kept at bay through 
incentives for their bearers to get them- 
selves sterilized. Perhaps the Singapore 
Government has access to scientific 
knowledge that has not yet permeated 
elsewhere; at any rate the government 
seems impervious to the logic of why 
scientific findings on the heritability of 
measures of ability (in this case, 
graduation) are not likely to influence 
social policy. 

What, then, about research on the 
heritability of ability? Should it be pro- 
scribed? No, but tolerance is one thing, 
espousal quite another. If claims are made 
about the heritability of human attributes 
of mind or personality, let us be very 
critical; let us even be suspicious, let us trail 
one step behind rather than rush recklessly 
ahead. Perhaps in the future, when man 
has come to organize his society rationally, 
justly and humanely, we can face questions 
about ourselves with less trepidation about 
how they might lead us into self-abuse. At 
this stage in the history of our species, I find 
myself hard-pressed to share anyone’s en- 
thusiasm for this particular aspect of 
human self-enquiry. The price of half- 
knowledge has already been terrible; if we 
would know more, we must have the 
maturity to handle our knowledge. 

J. MANJREKAR 


Tata Institute of Fundamental Research, 
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Bombay 400 005, 

India 


1. Beardmore, LA. & Karimi-Booshehri, F. Nature 363, 522 
(1983). 
2. Teasdale, T.W. & Owen, D.R, Nature 309, 620 (1984). 















A 

More visa trouble 
SIR — I would like to draw attention to the 
following problem. On 27 August 1984 in 
Prague, Czechoslovakia, the 6th General 
Conference of the European Physical 
Society (EPS) will begin, at which about 
1,400 participants are expected. lam one of 
them. Although I have registered, paid all 
the conference fees, obtained an official 
invitation from the local organizing com- 
mittee and applied for a visa, the 
Czechoslovak Embassy in Stockholm 
informed me on 6 June 1984 that “the 
respective Czechoslovak authorities did 
not approve” the issue of a visa. 

This is a severe violation of the freedom 
of ‘scientific exchange. The situation is, 
however, aggravated by the fact that 
during the Prague conference, several 
decision-making bodies of EPS are 
scheduled to meet. Since I am an elected 
member of the EPS Council (one of the 9 
representatives of 2,500 or so individual 
ordinary members of EPS), the decision of 
the Czechoslovak authorities prevents me 
from fulfilling my duties. 

The European Physical Society was 
founded in 1968 by, among others, 
Professor Gilberto Bernardini from Pisa, 
who endowed it with the spirit of the great 
European humanitarian traditions and 
principles of tolerance, mutual respect, 
respect for individual rights and freedoms, 
equality, openness and democracy. Can 
the society and its members now remain 
silent? 

In discussing and trying to solve my visa 
problem with various EPS bodies and 
colleagues, my attention was drawn to the 
booklet Advice to Organizers of 
International Scientific Meetings, 
prepared and published by the Standing 
Committee on the Free Circulation of 
Scientists of the International Council of 
Scientific Unions (of which the Czecho- 
slovak Academy of Sciences is a member). 

The ICSU booklet lists measures that 
may be relevant in such situations: publi- 
cizing information concerning the refusal 
to grant visas; issuance of a formal protest 
statement at the beginning of the meeting; ; 
withdrawal of international sponsorship; 
possible cancellation of the meeting or 
removal to another site; issuance of a 
statement that decisions of the meeting 
cannot be considered valid until all voting 
delegations, including those not allowed to 
be present, have the opportunity to exercise 
their voting right; independent decision on 
the part of some scientists voluntarily to 
absent themselves; recommendation to all 
ICSU bodies not to accept invitations to 
hold meetings in the country until the situa- 
tion is remedied. 

It is of course a matter of conscience for 
those planning to go to Prague which, if 
any, individual decision they will adopt. 

FRANTISEK JANOUCH: 
Research Institute of Physics, 
5-104 05 Stockholm, 
Sweden 


Artificial fertilization made natural 


Britain has been given a framework for new laws on in vitro fertilization. But the Warnock package 
is unduly inflexible, while its appearance will stimulate demand, thus changing the circumstances. 


THE most surprising consequence of last 
week’s report of the Warnock committee is 
that, in Britain at least, in vitro fertilization 
will be a little more respectable (see p.266). 
The committee says that one of its 
objectives, given the disagreements among 
its members and their changing views, is to 
contribute to a high-level public dis- 
cussion. By that test, the exercise has been a 
success. The report is also succinct and 
literate. The temperateness of the Warnock 
view will help to.cool the general opinion of 
in vitro’-fertilization and related 
techniques. By putting the most perplexing 
future uses of in vitro fertilization and 
embryo storage in an orderly framework, 
the committee has helped to make the 
techniques themselves seem reasonable. 

This, unfortunately but unremarkably, 
does not mean that everything in Warnock 
is as it should be. But critics should 
themselves accept the committee’s starting 
point — the argument that in a pluralistic 
society, itis unreasonable that the wishes of 
a minority should prevent others from 
following what seems to them a reasonable 
course but that, equally, to order society as 
if dissenting views are of no account simply 
because they are those of a minority is to 
ask for trouble. The Warnock package, 
admittedly a compromise, satisfies this 
criterion. 

The flaws in the package are also clear. 
Regulation of some kind has for years been 
necessary to deal with AID (artificial 
insemination by donor). Physicians, faced 
with the prospect of government legis- 
lation, will be kicking themselves that they 

_have not already regulated themselves. The 
ferocity with which the majority of the 
Warnock committee would prohibit surro- 
gate motherhood is uncharacteristic: why 
should a childless woman with a hyster- 
ectomy be denied the chance of a child with 
the willing help of another woman, 
perhaps a sister? The difficulties the 
Warnock committee identifies, confusion 
about parenthood on the death of the 
genetic father, for example, are real 
enough, while the emotional stress of the 
surrogate mother after a successful birth is 
probably unavoidable. But the proposed 
ban would make bad law, inconsistent and 
unworkable. Some cases of surrogate 
motherhood (to be banned) would be dis- 
_linguishable from donations of frozen 
embryos (to be allowed) only by the 
intentions of the participants, which might 
not. be disclosed. Would the physicians 
involved then be prosecuted after the 
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event? Much better that surrogacy should 
be regulated professionally, with the 
requirement that each woman should be 
advised by a separate physician and that 
each surrogate pregnancy should be 
registered before completion. 

The proposed regulations of AID are, by 
contrast, less stringent than they might be. 
Warnock assumes that sperm donors will 
be free from sexually transmitted diseases 
and will volunteer information about 
genetic defects. But these questions can 
now be settled objectively. It would have 
been helpful if the committee had said 
where it stands on the precision with which 
the genetic constitution of donors should 
be defined. Its opinion that users of sperm 
(and ovum) banks should not for the time 
being be given detailed information about 
donors is, however, unrealistic, as some of 
the committee recognize. The pressure 
from recipients will be too strong for 
physicians to resist. It would be better that 
the recording and analysis of genetic data 
on donors should be detailed and 
systematic, and that access (within the 
requirement of anonymity) should be open 
to legitimate enquirers — parents, off- 
spring and researchers. 

Most conflict on the Warnock proposals 
will however centre on the intention that 
research with embryos should be allowed. 
Those who hold that fertilized ova are 
human beings will be up in arms, and the 
strength of their position should not be 
underestimated. If the manipulation of 
intact embryos produced by abortion late 
in pregnancy is disallowed, on the grounds 
that they are too much like people even if 
they are not independently viable, it is at 
least formally inconsistent that younger 
embryos should not be so protected. The 
function of the arbitrary fourteen-day limit 
is to create a barrier between those 
extremes, for which purpose more or less 
any limit would suffice. The sensible 
licensing and scrutiny proposals should, 
however, serve the same purpose in 
meeting the general opinion that research 
with embryos should be seemly and 
deliberate. So why have both the licensing 
system and the limit? There is already 
strong reason to believe that investigations 
over a period of time perhaps twice as long 
would be of value in the avoidance of 
teratogenic defects. It is essential that 
potentially important investigations 
should not be made artificial by too 
inflexible a limit. 

. The proposed fourteen-day limit is 













































especially awkward in the British context. 
Warnock proposes that the limit ‘should. 
feature in the primary legislation, in which 
case it could be changed only by amending 
legislation. In the British parliamentary. 
system, this is bound to be a serious’ 
obstacle to change. Governments’ legisla- 
tive timetables are always overcrowded, 
while the incentive to delay will be further: 
increased by the fear that amending legis 
lation will provoke a repetition of the. 
original hot debate. ae 
The British Government has another 
difficulty —- the near-certainty that 
Members of Parliament will seek to. 
anticipate the proposed legislation -b 
piecemeal enactment of separate Warnoc! 
proposals. Private members’ bills on surro-. 
gate motherhood are already on the stocks 
The obvious danger is that piecemeal legis 
lation will yield a piecemeal legislativ 
framework leaving everybody in a muddle 
Only speedy action by the government can 
avert this danger. 
For the rest, everybody should recognize: 
that the Warnock legislation has some of: 
the features of a quantum measurement == 
the legislation will affect the situation it is 
designed to regulate. Merely defining a role” 
for in vitro fertilization will increase 
demand for the service. Specifying the cir. 
cumstances in which research with human. 
embryos will be permitted will further 
stimulate legitimate interest among scien- 
tists. One result, among potential parents 
will be the expectation that their children. 
can with care be born with small risk of 
genetic defect. The Warnock committee 
probably underestimates the speed with 
which it will be possible to use DNA probes 
for the diagnosis of the genetic health of an 
embryo from a part of it, growing an intact: 
child from the rest. 
Inevitably, such concern will direct: 
attention to the issue of eugenics, which 
has not recently been given the attention it: 
deserves. If at some point it becomes ” 
common that in the course of avoiding’ 
genetic defect, some parents also seek to 
improve on what their own genes would 
produce, there may be great resentment 
among potential parents to whom these 
opportunities do not occur, or are denied. 
Yet in principle, there can be no persisting 
objection to constructive eugenic practices . 
provided that they do not weaken the ties 
that normally bind parents to their children 
(one generation to the next). No doubt this. 
is the agenda for the next committee on thi 
kind of subject. QO 
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Masers in the nuclei of galaxies 


from James Moran 


THE occurrence of cosmic masers, in which 
intense beams of partially coherent 
< microwave radiation are emitted from gas 
~ clouds, is a curious phenomenon that is 
"geen in our Galaxy in the dusty envelopes of 
both newly-formed massive stars and 
evolved stars with large stellar winds’. 
Maser action in the emission from water 
vapour was discovered in 1969 by a group 
at Berkeley led by C. H. Townes, who also 
“built the first laboratory maser’. Since 
“then, more than 200 cosmic masers have 
been found in our Galaxy and a further 10 
have been found in other galaxies, A 
_- dramatic new step in our understanding of 
cosmic masers has now been taken by 
Claussen, Heiligman and Lo who report, in 
» this issue of Nature*, on a recent search for 
extragalactic masers. One of the galaxies 
- they surveyed contains the most luminous 
_water-vapour maser yet found and, in- 
‘triguingly, their results implicate a novel 
source of excitation of powerful masers. 
<> Observations with very-long-baseline in- 
-terferometers (VLBI) that span two or 
more continents and have angular resolu- 
“tions of about 300 microarc seconds’ have 
shown that a maser surrounding a newly- 
formed star consists of hundreds of bright 
“spots having different velocities, 
: equivalent blackbody temperatures of 10! 
-K or more and sizes of 103 ~ 10'5 cm. The 
“cluster of spots is confined to a region of 
diameter less than 10!7 cm. The strongest 
-known maser in our Galaxy has a lumin- 
_osity of about 1 Lo (4 x 10%) erg s?) or 
‘about 3 x 10% photons per second. 

Several years ago Churchwell et a/.° used 
~ the 100-m telescope at the Max Planck In- 
“stitute in Bonn, FRG, to survey the nearby 

-spiral galaxy M33 in search of water- 
‘vapour masers. This and subsequent 
studies detected eight masers similar to the 
“cones in our Galaxy. Subsequently, Mar- 
“ques dos Santos and Lepine” and Gardner 
and Whiteoak® found powerful masers in 
` NGC4945 and the Circinus galaxy, respect- 
ively, with much greater strengths (160 Lo 
and 40 Lo) than the strongest one in our 
Galaxy. These results did not seem par- 
ticularly unusual because the observations 
were made with low-angular-resolution 
-= řadio telescopes and, conceivably, masers 
from many newly-formed stars were con- 
tributing to the observed emission. 
<: In their study reported on page 298, 
Claussen, Heiligman and Lo used a new 
low-noise amplifier and a wide-band 
--acousto-optical spectrometer on the 40-m 
telescope of the Owens Valley Radio 
: Observatory. Bhey surveyed the nuclei of 
“29 nearby spiral galaxies and found four 
new water-vapour masers. Two of them are 
extremely luminous: NGC1068 has the 
_ Most powerful maser yet found — witha 





luminosity of 350 Lo — and NGC4258 has 
one with a luminosity of 120 Lg. 
The most surprising result of the study 


comes from observations of the maser in. 


NGC4258 with the Very-Large-Array 
telescope. Claussen et al. found that all the 
emission was confined to a region having a 
diameter of less than 0.07 arc s, correspon- 
ding to a size of 2 pc. Now the ‘pump’, or 
source of excitation, of a cosmic maser is 
thought to be one or more massive stars. 
But the region measured in NGC4258 is too 
small to contain many massive stars unless 
they are packed with unusually high densi- 
ty. Claussen et al. suggest, therefore, that 
some other type of object may be exciting 
these powerful masers. This situation is 
quite different from that found in the 
galaxy 1C4553, where a weakly inverted, 
but very extended, cloud of OH gas seems 
to be amplifying the continuum radiation 
from the galactic nucleus’. 

As Claussen ef al. point out, it is difficult 
to understand how these powerful extra- 
galactic masers are pumped. Details of 
maser pumping cycles are complex, but 
general constraints can be placed on the 
power of the maser and the power of the 
pump source. Cosmic masers are assumed 
to be roughly spherical clouds that radiate 
isotropically. The radiated power is 
hvn, A pV, where h is Planck's constant, v 
is the frequency, n, is the upper-state 
population, Ap the differential pump rate 
and V the volume. The masing cloud is 
probably made up predominantly of H, 
gas, with a trace of H,O (mno ~ 10% mp), 
of which about 1 per cent will be in the upper 
state of the maser transition. The hydrogen 
density must be less than ~10!' cm, or 
collisions will thermalize the H,O 
population levels and quench the maser. A 
reasonable upper limit for n, is therefore 
10° cm. The total pump rate, p, is limited 
to~1 s-!, a typical value of the Einstein A 
coefficients for transitions linking the 
energy levels involved in the maser. The 
volume of the maser, from VLBI measure- 
ments, is less than 10% cm?. Hence, pump 
models with efficiencies, A p/p, of~0.1 
can barely account for the strongest 
galactic maser. Furthermore, a cosmic 
maser usually needs at least one pump 
photon for every microwave photon. The 
pump cycle probably involves the first 
vibrational transition of water vapour at 
6ym wavelength. Hence, the maser will 
have a conversion loss (the ratio of the 
pump frequency to maser frequency) of 
about 2,000. If the pumping source is 
blackbody emission from the circumstellar 
dust in the masing cloud, then a total 
luminosity of 10° Lẹ is required. This 
luminosity is about the most that can be 
expected from.a newly-formed star. 








Slightly more efficient pumps have recently 
been described by Streinitskij'!®. Hence, the: 
appearance of masers of 10? Lo requires — 
either a collection of ~100 newly-formed 
stars within a volume of dimension 2 pc ora 
wholly novel form of pump source. 

It is clearly important to measure the 
sizes of the individual maser spots and the 
maser cluster. Unfortunately, the best 
resolution that can be obtained with an 
interferometer spanning the Earth is~200 
microarc seconds, corresponding to about 
10'© cm at a distance of 5 Mpc. Hence, 
resolution of extragalactic masers will have 
to wait until VLBI experiments can be 
made with an antenna on a space probe. 
One such experiment, named QUASAT, is 
in the preliminary planning stage!!. An 
international meeting sponsored by the 
European Space Agency and the US 
National Academy of Sciences was con- 
vened last month in Vienna to discuss the 
design and aims of the mission, which 
could be flown as early as 1992. 

Claussen ef al. found that all the power- 
ful extragalactic masers are associated with 
galaxies having high infrared luminosity 
and indications of activity in their nuclei. It 
is commonly believed that the high infrared 
luminosity is due to the presence, in the 
nucleus, of a large number of hot massive 
stars that are enshrouded in dust!*. The 
ultraviolet radiation from these stars heats 
the dust, which then radiates strongly at 
infrared wavelengths. These stars have 
short lifetimes (~10° yr), and their high 
concentration implies a burst of star 
formation. Such bursts may be triggered by 
tidal interactions with nearby galaxies. An 
extreme example of the star-burst 
phenomenon may be the IRAS source 
0422 +009: Aaronson and Olszewski! 
hypothesize that 10 per cent of the mass of 
the galaxy is involved in the burst. These 
massive stars will become supernova, and a 
burst of star formation should be followed 
by the appearance of nonthermal radio and 
X-ray emission due to synchrotron 
radiation and possibly other forms of 
activity'*. Hence, there may be a con- 
nection between star-burst galaxies and, , 
for example, galaxies with active nuclei 
such as Seyfert galaxies. Strong water- 
vapour masers should provide a diagnostic 
tool for tracing the onset of a star burst. 

A careful study of the kinematics of the 
powerful extragalactic masers should allow 
a direct determination of their distances 
from the Sun. If the maser spots are 
distributed randomly around one or more 
stars, then the root-mean-square deviation 
in line-of-sight velocity should equal the 
root-mean-square deviation in transverse 
velocity. The line-of-sight velocities can be 
measured via the Doppler effect and the 
transverse velocities by multiplying the 
angular velocities by the distance. Hence, 
by comparing line-of-sight velocities and. 
transverse angular velocities, the distance 
can be estimated. This technique has been 
used to estimate the distances to galactic 
masers as far away as 7 kpc (ref.5).. One of. 
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the masers detected by Claussen ef al. had 
components spread over a range of 600 km 
s-!, To determine the velocity to an 
accuracy of 30 km s7!, for a source at 5 
Mpc, the measurement accuracy must be | 
microare second per year. Such a motion 
can be detected from measurements of the 
relative positions of maser spots over time 
scales of several years. Measurements of 
such accuracy are barely possible with cur- 
rent VLBI techniques, but these techniques 
are improving rapidly. The accuracy of the 
estimate of the distance using the described 
statistical parallax technique, for the case 
where the velocities are well determined, is 
about DN-", where Dis the distance and N 
is the number of maser spots measured. 
Thus, an analysis of a maser with 100 spots 
should give a formal estimate of the 
distance to an accuracy of 10 per cent. This 
technique could lead to an improved 
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distance scale to the nearby galaxies and an 
improved value of the Hubble constant. O 
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Plant life history 


Death of the elusive biennial 


JSrom Jonathan Silvertown 


For the purposes of analysis, ecologists 
have tended to classify plants as annuals, 
biennials or perennials. Annuals arise from 
seed, grow, flower and die within a year; 
biennials flower and die in the second year 
after germination; and perennials live for 
many years and flower many times. 
Annuals may increase at a yearly rate equal 
to the fraction of plants which survive till 
flowering, multiplied by their seed 
production. This gives an annual a strong 
advantage over a biennial which, living 
longer but, for the sake of argument, sur- 
viving just as well to flowering and pro- 
ducing as many seeds, will take two years to 
accomplish the same seed output. Assum- 
ing the same mortality and seed pro- 
duction, perennials are favoured over both 
annuals and biennials because they 
combine regular yearly seed production 
with survival of the flowering plant; the 
magnitude of their advantage depends on 
the ratio of seedling mortality in the first 
year of life to that of older plants', With 
such a disadvantage, why do biennials exist 
at all? 

First, a clarification is necessary. Several 
vegetable crops, among them the leek, 
behave as biennials but all, but one?, demo- 
graphic studies of purported biennials have 
demonstrated that, outside cultivation, so- 
called biennials often live three, four or 
more years before flowering and dying. 
These plants are more properly described 
as semelparous (single-reproducing) peren- 
nials and should have even lower fitness 
than true biennials in normal conditions. 
Foxglove, once a famous ‘biennial’, is 
actually an iteroparous (multiple-repro- 
ducing) perennial in early recolonization of 
forest gaps, although the cohorts that arise 
late in succession behave rather like 
biennials?. 


If the theoretical disadvantages of their 
life history are such that the paucity of 
biennials is understandable, the existence 
of semelparous perennials, which delay 
reproduction for longer still, is even more 
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curious. Though semelparous perennials 
are rare in floras as a whole (only 1.4 per 
cent of the North American flora are 
semelparous perennials compared with 
21.3 per cent of annuals)*, they are very 
common in some families. Thirty per cent 
of European umbellifer species show this 
behaviour. So the disadvantages of this life 
history cannot be as great as they seem. 
Some of the disadvantage is overcome 
because semelparous perennials produce 
more seeds than annuals, as theory predicts 
they should. Delayed reproduction is 
favoured when seed production increases 





disproportionately with the length of the 
delay. This appears to account for the 
semelparous perennial behaviour of 
fuller’s teasel’. But are there also 
ecological conditions which favour them? 


Semelparous perennials are particularly 


common in certain habitats, notably where 
there is intermittent disturbance of the 
vegetation such as treefall gaps in forests. 
Seedlings require a gap in which to re- 
generate successfully® and it so happens 
that intermittent gaps are just the kind in 
which annuals lose their advantage 
because, without annually available space, 
they are unable to produce a new gen- 
eration every year. In the same circum- 
stances, however, established semelparous 
perennials are still able to accumulate the 
resources needed for seed production’. 
Semelparous perennials are also 
common in the early stages of succession 
but they are eventually squeezed out by 
iteroparous perennials. Harper® first 
pointed out that the disadvantage of 


wr 


delayed reproduction disappears in 


declining successional populations because 
biennials die more slowly than annuals; van 
der Meijden and van der Waals-Kooi? have 
shown that even greater reproductive 
delays can be an advantage in a declining 
population. The results of stochastic 
simulations point in the same direction’. 
A recent demographic analysis shows that 


the ‘biennial’ habit of wild carrot is — 


favoured over the annual one when 
successional changes in the habitat are 
taken into account!!. 

Another discovery, first reported for 
teasel'? and now for many semelparous 
perennials, is that plants must reach a 
minimum size before flowering and that 
this can largely account for the length of 
their reproductive delays. A life history 
model which compares the fitness of 
semelparous perennials that cue 
reproduction by size with those that cue it 
by age (as must a true biennial) has shown 
that cueing by size is a superior strategy ina 
deteriorating environment. A reduction in 
available resources causes a delay in 
reproduction for size-cueing plants, which 
is less damaging to fitness than the 
reduction in seed output that it causes in 
age-cueing ones'*. All the recent studies 
point to the same conclusion: the biennial 
is dead — long live the semelparous 
perennial. o 
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Plant development 


from David Hanke 


N biology, the most dramatic advances in 
‘understanding can generally be traced back 
‘to a new technique. Our knowledge of 
lant development looks to be poised for 
‘just such an expansion, judging by recent 
_papers, including one on page 321 of this 
ssue', reporting results obtained using 
powerful immunological techniques. In the 
“antibody we seem at last to have an ex- 
perimental tool with the sensitivity and 
‘selectivity to match those of the control 
points in development. 
Many of these control points are sensi- 
“tive to one or other of a clutch of simple 
-organic chemicals, the plant growth 
uubstances, for which immunoassays have 
‘now been developed, most notably by 
-Elmar Weiler?. Immunoassay provides a 
peedy, cheap and accessible technique, 
arnessing the astonishing selectivity of an- 
ibodies in order to detect and identify, and 
the affinity in order to measure, the traces 
f individual growth substances in plants. 
Antibodies have recently been used for 
the first immunocytochemical localization 
of a plant growth substance, dihydro- 
eatin, a cytokinin, in frozen sections of 
maize root}. A particularly ingenious 
-immunological method was used by Jacobs 
-and Gilbert’ to locate the enigmatic bio- 
chemical machinery responsible for the fix- 
“ed polarity of transport of the plant hor- 
“mones named auxins. They raised a large 
number of monoclonal antibodies to total 
membranes from pea stems and selected 
„out the cell clones producing antibodies 
“which interfered most strongly with rever- 
“sible binding to the membranes by 
“naphthylphthalamic acid, a specific non- 
competitive inhibitor of auxin polar 
transport. These monoclonal antibodies, 
specific for the naphthylphthalamic acid 
binding site, were then used to map the sites 
othe plasma membrane at the basal end of 
‘cells of the vascular parenchyma, exactly 
where the theories of polar transport had 
predicted they should be. 
-More is known about the proteins that 
transport growth substances across mem- 
branes than about those that mediate their 
< developmental effects. This is because 
; whereas transport can be measured, the im- 
mediate functions of developmental recep- 
‘ors cannot, because we do not know what 
hey are. We know that such receptors 
must exist because analogues of the growth 
- substances are potent only if they mimic the 
genuine article with a steric precision, a 
singular disposition of chemical groups, 
< that only a protein would be capable of ap- 
preciating. Naw, Hornberg and Weiler! 
have achieved a major methodological ad- 
vance, and quite literally got to grips with 
potential ‘receptor’ proteins, by brilliantly 
-exploiting the unique chemical structure of 


Antibodies to the rescue 


another of the growth substances, abscisic 
acid. 

Until now the search for receptors has 
been carried out chiefly by looking for an 
appropriate concentration of ‘sites’ in the 
cell which bind the growth substance rever- 
sibly and saturably and with an affinity and 
specificity to match the characteristics of 
the response of the cell to the growth 
substance. The number and affinity of the 
binding sites is determined by analysis of 
the relationship between the amounts of 
growth substance bound reversibly at dif- 
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Structure of S-abscisic acid. The asymmetric 
carbon atom C-1' is its chiral centre. 


ferent concentrations’. This somewhat in- 
direct method can generate bogus ‘recep- 
tors’; for example, although only a single 
fusicoccin-binding protein can be isolated 
from plant cells, Scatchard plots of reversi- 
ble fusicoccin binding to plant membranes 
are always biphasic®. Weiler and Hornberg 
have avoided this pitfall by covalently tagg- 
ing the binding proteins with labelled 
growth substance. No cross-linking 
reagent was used, thereby greatly reducing 
the potential for artefacts, because abscisic 
acid itself can be induced by irradiation 
with UV light to irreversibly bind its ‘recep- 
tor’ through its ketone group at position 
C-4'. The method could hardly be more 
direct. 

The really clever part of the experiments, 
however, is the ‘control’. The molecule of 
abscisic acid is chiral. In plants it occurs as the 
S-enantiomer only, while chemically syn- 
thesized material (much cheaper) is a 
racemic mixture which is difficult to 
resolve. Weiler and his colleagues have 
raised antisera specific for the R- and 
S-forms which enable them quickly and ef- 
ficiently to purify the individual enanti- 
omers. It is quite remarkable that immuno- 
globulins should be able to discriminate 
between the enantiomers because, as.can be 











abscisic acid is almost symmetrical on 
either side of a plane through the optical 
centre — the only difference between the 
two halves being tht C-6' carries two 
methyl groups whereas C-2’ has one anda 
double bond’. Moreover, most plant 
tissues cannot distinguish between the 
enantiomers’. The best discrimination 
reported until now is by the stomata of 
barley leaves?. A stoma is an epidermal 
pore which is opened and closed by the ex- 
pansion and contraction of two specialized 
cells which flank it, the guard cells. The 
responses of guard cells to growth 
substances are completely reversible and 
have to do with physiology rather than 
growth and development, but, rather like 
the thyroid and steroid hormones of 
animals, plant growth substances can af- 
fect many diverse processes. Thus an in- 
crease in the concentration of abscisic acid 
signals lack of water and both development 
and physiology may be adjusted according- 
ly. 

Working with broad bean leaves, Weiler 
and Hornberg find that R-abscisic acid has 
no effect on stomatal aperture over the first 
30 minutes. This compound, which is vir- 
tually identical to the natural active form 
except in its chirality, is therefore a superb 
control. In the search for receptors only 
those guard-cell proteins that bind 
S-abscisic acid and not R-abscisic acid need 
be considered. In fact, Weiler and Horn- 
berg find a large excess of cross-linking to 
proteins of guard-cell protoplasts by S- as 
opposed to R-abscisic acid. Similarities 
between the characteristics of the binding 
and the characteristics of the physiological 
response amount to an impressive correla- 
tion entirely consistent with the hypothesis 
that these binding proteins, anything up to 
three it seems, are involved in the response. 

Because proteolysed but intact proto- 
plasts bind virtually no abscisic acid, 
Weiler and Hornberg argue that all the bin- 
ding sites, which presumably include the 
receptors, are located on the outside of the 
plasma membrane. This is reasonable pro- 


vided none of the proteins concerned is _ 


responsible for transporting S-abscisic acid 
across the plasma membrane!! and 
therefore also responsible for access to in- 
ternal receptors. According to the only 
study so far of abscisic acid transport into 
guard cells, in this case of the unrelated 
wild flower Lamb’s Lettuce, there does not 
seem to be a carrier-mediated component 
to uptake. Moreover, the growth substance 
is no more effective at pH 5, when it enters 
the cells, than at pH 8 when, as the anion, 
uptake cannot be detected!'. It appears, 
therefore, that the chain of events triggered 
by abscisic acid in guard cells begins with 
receptor binding at the plasma membrane. 

What little (circumstantial) evidence 
there is for the location of receptors for 


auxin has favoured binding sites on the en- ` 


doplasmic reticulum!?:“, so receptors for 
different growth regulators may well func- 


seen from the diagram, the molecule of 





tion quite differently. Even for the same- 





“growth regulator ‘there may be different 
receptors in different tissues — most 
tissues do not distinguish between R- and 
S-abscisic acid for instance. Even for the 
same tissue the receptors for the same 
growth substance may vary from species to 
species. Thus broad bean guard cells are 
completely insensitive to the S-abscisic acid 
metabolite, phaseic acid; whereas for 
guard cells of Commelina communis 
phaseic acid is just as effective as abscisic 
acid; and other plants, such as cocklebur, 
have guard cells which respond to phaseic 
acid but less sensitively than they respond 
to abscisic acid'*. It seems likely that there 
is a rich and elaborate world of growth 
substance receptors. Immunological 








techniques can provide the selectivity and 
sensitivity needed to exploreit. g 
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Virology 





Tissue-specific transformation 





from Robin Weiss 


One of the ironies of modern virology is 
that our knowledge of molecular structure 
far outstrips our understanding of patho- 
genesis. In the case of human T-cell leukae- 
mia virus type 1 (HTLV-1), the nucleotide 
sequence of the entire genome was pub- 
lished one year ago by Yoshida and his col- 
leagues in Tokyo! at a time when next to 
nothing was known about its means of 
natural transmission or mechanism of on- 
cogenesis. Yoshida’s group did, however, 
reveal an unexpected sequence, the X gene, 
located between the env gene and the 3' 
long terminal repeat (LTR; Fig.1¢). In two 
papers in the current issue of Science?4, 
Haseltine ef al. analyse the X region of 
human T-cell leukaemia virus type 2 
(HTLV-2) and propose that a protein en- 
coded by the 3’ portion of X may act as a 
trans-acting transcriptional activator of 
the LTR and cellular control elements. The 
papers may provide an important clue to 
the way in which HTLV transforms cells. 
Earlier models of transformation by on- 
< cogenic retroviruses are based either on the 
transduction of oncogenes (Fig. la) or on 
the chromosomal insertion of the provirus 
adjacent to a cellular proto-oncogene 
(Fig.1b), thereby enhancing its expres- 
sion*’, HTLV-1 does not fit either model, 
as the viral genome neither contains an on- 
cogene of host origin, nor integrates in the 
same chromosomal domain in different 
clonal tumours. Hahn et al.® had reported 
a common integration site in 3 out of 11 
lymphoma lines but this claim was subse- 
quently retracted’, and a recent survey of 
35 lymphomas by Seiki et a/. did not reveal 
a common locus. Bovine leukosis virus, 
which is distantly related to the HTLV 
family, also induces lymphomas with wide- 
«ly dispersed integration sites?.'!, and this 
virus has now been found to possess an X 
gene!! with similar open reading frames to 
ATLV-1,. 











by human T-cell leukaemia virus 


Like Epstein-Barr virus, HTLV is able 
to transform normal cells in culture to a 
state of unlimited proliferation potential. 
Since this phenomenon of ‘immortaliza- 
tion’ by HTLV was first demonstrated by 
Miyoshi ef al.'?, both HTLV-1 and 
HTLV-2 have been widely used to obtain 
clones of immortal T cells!*'5. Transfor- 
mation appears to be restricted to T cells, 
usually with an OKT4* phenotype, like 
that of tumours induced in vivo. B cells'5-16 
and some non-lymphoid lines!’ can also be 
infected with HTLV, but OKT4* T cells 
appear to be the most permissive cells for 
both viral replication and transformation. 

The molecular basis of T-cell tropism has 
now been investigated by Golde and 
Haseltine and their co-workers. Both 
groups used recombinant plasmids to study 
the influence of sequences within the LTR 
on gene expression in animal cells of dif- 
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ferent types. Chen et a/.'® made constructs 
of the HTLV-2 LTR with the selectable 
gene, neo®, while Sodroski et al.’ used 
recombinants of the LTR and the chloram- 
phenicol acetyltransferase (CAT) gen 
Chen ef al. find that neo® expression is. 
restricted to lymphoid cells and conclude 
that expression is governed by cis-acting 
functions of the HTLV-2 LTR. They sug 
gest that trans-acting regulatory proteins: 
expressed only in lymphoid cells may act 
directly on the LTR to enhance expression, 
or alternatively, specific proteins may sup- 
press LTR function in non-lymphoid cells, 

Sodroski ef al.’ have taken their ex 
periments further and suggest that a pro~ 
duct of the HTLV X gene itself acts as the 
trans-regulatory protein on LTR functio 
in the transient CAT expression system 
This conclusion is based on observations. 
made using non-lymphoid human ‘osteo: 
sarcoma (HOS) cells, which provide. ; 
system in which the same. line: can be 
studied before and after infection wit 
HTLV-1. (ref.17). CAT expression: fro! 
HTLV-1 LTR-CAT recombinants i 
100-fold greater in HTLV-1-infected HO; 
cells than in control HOS cells, bu 
expression of HTLV-2 LTR-CAT recom 
binants is not detectable in either cell type 
Sodroski et al. also observe that HTLV- 
LTR-CAT expression is much more effi- 
cient in T cells pre-infected and trans- 
formed by HTLV-1 or HTLV-2 than 
uninfected B- or T-cell lines, although th 
high expression of the HTLV-2 LTR-CAT. 
recombinant is restricted to HTLV-2 
transformed cells. Unfortunately; a cloned 
T-cell line uninfected and infected’b: 
HTLV was not available for comparativ 
studies such as were performed with HOS 
cells. $ 

One HTLV-1-immortalized. line, 
C81/66, expresses only the X gene, yet itis: 
highly permissive for LTR~CA T; hence the 
hypothesis that the X product acts in trans. 
on the LTR}. Thus the expression of a pro- 
viral X gene appears to enhance expression’ 





Fig.1 Molecular models of retrovirus oncogenesis. The proviral DNA is shown flanked by 5’ and 
3’ long terminal repeats (LTRs) integrated into host cellular DNA. a, LTR-initiated transcription 
of a transduced oncogene (v-onc) within a defective viral genome. b, Integration of a non-defective 
provirus in the vicinity of a cellular proto-oncogene (c-onc) leads to its activation via enhancer or 
promoter sequences in the adjacent LTR. c, The HTLV genome carries an extra X gene whose pro- 
duct, acting in positive feedback, enhances transcription of its own LTR an 
transcription units. The transcription of v-onc and c-onc genes in a and b is cis-controlled, whereas 
activation of the LTR or cellular genes by the X product in c is trans. Model b requires site-specific 
integration of the provirus, while models a and c are independent of host chromosomal locus. 
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product will act on HTLV-2 aiid HTLV-1 
LTRs, whereas the X product of HTLV-1 
does not act onthe HTLV-2 LTR. Thepro- 
moter of HTLV-2 LTR is probably weaker 
than that of HTLV-1; this may explain its 
more restricted tropism to T cells, as only 
lymphoid cells will allow sufficient initial 
- expression for the X gene product to act as 
a positive feedback. The long open reading 
frame in X is highly conserved between 
HTLV-1 and HTLV-2 (ref.2). 
~~ The notion of trans-acting transcription- 
al activation may then be extrapolated to 
suggest that cellular control elements 
similar to LTRs might also be enhanced by 
the X product. Interestingly, Holbrook et 
cal. have just reported that a DNA se- 
quence 5’ to the human interleukin 2 (IL-2) 
gene shows limited regions of homology to 
the LTR of HTLV-1. Since HTLV-trans- 
formed cells invariably express IL-2 recep- 
tors, activation of IL-2 by HTLV could 
‘lead to an autocrine stimulation of proli- 
< feration, possibly explaining the immor- 
«talization effect. But such a neat story is 
< dashed by another recent paper”? showing 
that the IL-2 gene is not transcribed in 
HTLV-transformed cells. Perhaps expres- 
-sion of the IL-2 receptor gene itself is 
enhanced by the HTLV X product. 
The new observations on the apparent 


Oceanography 


from S.A. Thorpe 


` A remarkable technical feat is described on 
page 282 of this issue of Nature. Because of 
the violence of the surface waves, precise 
measurement of the turbulence in the up- 
per few tens of metres of the ocean is a 
daunting task. It demands great skill as well 
as stable instruments capable of high 
‘resolution, and few laboratories are ade- 
quately equipped. Nevertheless, Shay and 
Gregg at the University of Washington 
have now succeeded in using data from fall- 
ing probes to show that in a convective 
layer below the surface of the ocean, a key 
property of the turbulence — the rate of 
dissipation of turbulence kinetic energy — 
scales in the same way as it does in the con- 
vective boundary layer of the atmosphere’ . 
‘This is not altogether a surprise. Others 
have suggested, and searched for, 
similarities between the ocean and at- 
mospheric boundary layers*}. It is, 
however, as well to be sure and to test the 
empirical relationships (empirical at pre- 
sent, but recently there have been 
theoretical advances*). Shay and Gregg 
provide a sounder basis for models which 
incorporate well-established information 
from the atmosphere. Their measurements 
also have practical implications, for exam- 
: ple for estimating the distribution of 
nutrients which support phytoplankton, 
‘and for predicting the extreme currents 





trans-acting regulation of HTLV expres- 
sion will stimulate further exploitation of 
retroviruses and recombinant plasmids 
derived from them as probes for tissue- 
specific gene expression. It will be in- 
teresting to see whether the AIDS retro- 
virus isolates?!*, which destroy rather than 
immortalize OKT4* cells, also have related 
X genesand LTR enhancer sequences. C] 
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Probing beneath the waves 


which offshore structures must be able to 
withstand. 

But is the upper ocean really like the 
lower atmosphere? What about the waves? 
There are strong indications that surface 
waves contribute significantly to ocean tur- 
bulence, at least close to the surface, pro- 
bably through their breaking. The precise 
mechanism by which they do so is not 
known, although possible contributory 
factors include the generation of vorticity 
when the water surface becomes multiply- 
connected in breaking waves, the detach- 
ment of the thin viscous boundary layer at 
the surface and motions in the wake of 
large rising bubbles of air engulfed by the 
breaking waves. There are basic asym- 
metries both in wave breaking and in the 
flows either side of the ocean—atmosphere 
interface. Thus, waves break at their crests, 
rather than at their troughs, and the falling 
wedge of water in a plunging breaker traps 
a bubble of air — an asymmetrical pattern; 
and the dynamically important level at 
which the mean fluid motion equals the 
speed of the dominant waves is located in 
the atmosphere rather than in the ocean. 
Therefore, whereas the non-wave-induced 
fluctuations dominate in the atmospheric 
surface layer, they are greatly exceeded by 
the wave-induced motions in the ocean sur- 
face layer. It is this which makes ocean tur- 





| bulence so difficult to measure. 

















Evidence for the importance of wave- 
induced turbulence in the ocean surface 
layers is fragmentary and at the edge of 
confidence in experimental results. The 
most direct and convincing evidence comes 
from recent measurements of turbulence 
made from an instrumented tower in Lake 
Ontario. Kitaigorodski et al. found that 
the thickness of a surface layer in which 
wave-generated turbulence dominated that 
produced by other sources was of order ten 
times the root-mean-square wave 
amplitude. Indirect measurements based 
on the vertical distribution of bubbles 
below the surface® support this result. 
What is. astonishing is that such a thick 
layer should, on average, be affected, as 
wave-breaking is an intermittent and, when 
measured at a fixed position, rather 
infrequent event. It may be that another 
process ascribed to the action of surface 
waves is responsible for the downward 
advection of turbulence from the surface. 
In strong winds, parallel bands of foam or 
other flotsam aligned in the wind direction, 
and known as wind rows, appear on the sea 
surface. These are lines of convergence in 
alternating vortices known as Langmuir 
circulation’ (after the man who first 
investigated the phenomena) and recent 
measurements show that the downward 
velocities beneath the wind rows may be 
several centimetres per second, sufficient 
to distort the distribution of turbulence 
and perhaps to thicken the layer 
appreciably. 

Further surprises may be in store. 
Studies of drift currents’ show that the 
turbulent roughness of the surface is some 
two orders of magnitude greater than 
expected from atmospheric analogues. On 
this basis surface waves in moderate winds 
have a roughness scale for the water almost 
equal to that of a forest canopy for the air 
above. 

Shay and Gregg have not measured the 
surface layer where wave-induced 
turbulence may dominate, but results may 
soon be available from a profiling 
instrument specially designed to profile 
upwards from depth to the surface in the , 
wave zone?. We may confidently expect 
that, within the next few years, some of the 
intricate and fascinating connections 
between dynamical processes in the upper- 
ocean boundary layer will be unravelled so 
that models can be developed with more 
realistic representations of both local 
atmospheric forcing and waves. oO 
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‘Muscle contraction 


Two states of attachment 


Sram Maxine Clarke 


ATTEMPTS to discover exactly how muscle 
contracts have been consistently 
unsuccessful because of the insufficient 
resolution of the available structural 
methods. Insect flight muscle offers the 
best prospects for solving the problem, 
and, specifically, for investigating the 
behaviour of the myosin crossbridges 
which are intimately involved in the 
contraction process. An article’ in this 
issue of Nature proposes a new view of 
crossbridge structure based on obser- 
vations of insect muscle. 

Muscle contraction is brought about by 
the ‘sliding of thick filaments of myosin 
between interdigitating thin filaments of 
actin. A close look at the filaments under 
ectron. microscope reveals the 

presence of crossbridges (myosin ‘heads’) 
extending from the thick filament 
backbone across to the actin filaments. 
When muscle contracts, the crossbridges 
with bound products of ATP hydrolysis 
are thought to attach to actin monomers in 
the thin filaments at a preferred angle 
(often called the ‘90° state’). On attach- 
ment to actin the hydrolysis products are 
displaced, which causes a change in 
orientation of the attached head to an angle 
of about 45° with respect to the filament 
axis and the filaments to be pulled past each 
other. Binding of a new molecule of ATP 
then loosens the attachment of the cross- 
bridge and the cycle can repeat?}. This 
basic model of contraction (see the figure) 
has undergone a series of refinements over 
the past ten years but the concept of 
rocking or bending of attached cross- 
bridges as the basis of a ‘power stroke’ 
responsible for filament sliding has 
remained*'. 

Until now, however, a crucial part of the 
model — the existence of more than one 
conformations of attached crossbridges — 

«has lacked experimental support; only one 
attached crossbridge state, rigor, has ever 
been clearly identified despite many 
attempts to find other states. This rigor 
state, a stable equilibrium condition with 
no ATP or ADP bound to the crossbridges, 
is thought to represent the end of the power 
stroke. Muscle fibres in rigor have almost 
all the available crossbridges attached to 
actin, as judged by their high mechanical 
stiffness. A high-resolution view of the 
rigor crossbridge has been obtained by 
decorating isolated actin filaments with 
stoichiometric quantities of single myosin 
heads (also named subfragment 1, S1). An 
arrowhead structure is seen in which all the 
Sis are bound at a fixed angle of about 50° 
-{refs.6 and 7). The structure of rigor cross- 
bridges in intact muscle fibres has been 

most succéssfully investigated using insect 
flight muscle where the helical repeats of 








the thick and thin filaments are identical. 
Electron-microscope studies of rigor 
muscle in longitudinal section reveal cross- 
bridges as ‘double chevrons’, angled 
structures linking the thick with the thin 
filaments’. X-ray diffraction patterns of 
the fibres have been interpreted in terms of 
crossbridges uniformly oriented at about 
60° to the filament backbone", 

Taylor ef al.' have now attempted a 
more sophisticated approach to the 
electron-microscope study of such muscle. 
They cut very thin sections of material 
comprising just one layer of thick and thin 
filaments, These two-dimensional arrays, 
which they name ‘myac layers’, were tilted 
in the microscope and the resultant series of 
views of the specimen reconstructed to give 
a three-dimensional image of the cross- 
bridges in the filament lattice. The results 
are surprising. Each double chevron, 
which had been presumed to contain two 
pairs of crossbridges, is clearly resolved 
into two elements. The ‘lead’ chevron of 
each pair is shorter by 1.5 nm, is tilted at 
about 50° to the thin filament and probably. 
consists of two myosin heads. The ‘rear’ 
chevron is longer (17.5 nm), is tilted at 
about 80° to the filament axis and probably 
consists. of only one myosifi head. Thus 
there seem to be conformationally distinct 
populations of attached crossbridges in the 
rigor state. Another novel feature to 
emerge from the reconstruction is a local 
variation in helical pitch of the actin, 
suggesting flexibility within the thin 
filament. 

Why have these structures not been 
observed using other techniques? In 
modelling of X-ray diffraction patterns, 
the reason is that so far only the case of a 
single rigor crossbridge conformation has 
been taken into account'*, In decorated 


thin filament 





the bound ATP is thick filament 
hydrolyzed to ADP and 
®. the head assuming its 
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ATP binds to the 
myosin head, causing it 
to be released from 

the thin filament 


actin, the S1 angle is consistent with that of 



































































the lead chevron; this angle is considered to 
be the preferred rigor orientation! 
Because of the geometrical constraints on 
its attachment to the filament backbone,’ 
the rear chevron may be forced to take upia 
second, energetically less favourable 
orientation. In experiments using. spins 
label probes rigidly attached to a specific 
region of S1, only one rigor configuration 
is detected!!. Taylor etal. note that the rear 
and lead chevrons have the same: angle’ 
within 6-8 nm of the actin, so if the spin. 
label were bound to this region of the S1 it. 
would not discriminate between the two 
orientations; the difference in structure of 
the rear and lead chevrons is in the part of 
the crossbridges furthest from the actin. 
Some questions about the molecular 
organization of the myac layer remain 
unanswered owing to limitations of the 
method. Individual myosin heads are not 
resolved as separate structures. The excep- 
tionally large troponin complex of insect 
flight muscle!? is also unresolved, even 
though it is as large as a lead chevror 
Nevertheless, the evidence for two types of 
crossbridge position, at least in rigor, 
very persuasive and it raises the exciting 
possibility that distinct structures 
representing the beginning and end of the 
power stroke have been resolved. The next 
questions to be addressed are whether these 
two structures. occur in contracting muscle 
and whether the transition between them is 


responsible for force generation. E 
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Model of muscle contraction: how myosin induces filament sliding. From Molecular Biology of the Cell by 
B. Alberts, D. Bray, J. Lewis, M. Raff, K. Roberts and J.D. Watson (Garland, 1983). 
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Selective extinctions and terminal 
Cretaceous events 


Jrom Eric Buffetaut 


THE idea that mass extinctions have been 
caused by impacts of extraterrestrial bodies 
on the Earth, as suggested in 1980 by 
Alvarez etal.', seems to be gaining ground, 
particularly in the aftermath of possible 
evidence of a periodic pattern to the extinc- 
tions (see ref. 2). However, the processes by 
which large-scale but selective extinctions 
can be triggered by such events are not yet 
fully understood, and many palaeon- 
tologists, in particular, still favour a more 
gradual process of extinction’. In the 
continuing debate between catastrophists 
and gradualists, which has centered on ter- 
minal Cretaceous extinctions, the focus has 
been on the animals and plants that became 
extinct, and little attention has been paid to 
the numerous and varied groups that sur- 
vived. Since most of these groups are still 
represented today, we know much more 
about the physiological and ecological re- 
quirements of these ‘survivors’ than about 
those of, for example, dinosaurs or am- 
monites. A confrontation of this kind of 
data with some current hypotheses about 
terminal Cretaceous extinctions casts 
serious doubts on some of the environmen- 
tal changes postulated to have occurred at 
the end of the Cretaceous. 

As reconstructed by authors such as 
Hsü? and Alvarez*, the postulated effects 
of asteroid or comet impacts are so 
devastating that one may wonder why the 
available fossil record suggests that many 
groups of organisms were virtually unaf- 
fected by whatever happened at the end of 
the Cretaceous. Among the hypothetical 
consequences of catastrophic impacts are 
drastic and rather sudden temperature 
changes, but it is difficult to reconcile such 
proposals with the fossil record of non- 
dinosaurian reptiles. The case of 
crocodilians is especially revealing in this 
respect. These animals are known to be 
very sensitive to temperature changes, and 
it is extremely unlikely that they could have 
survived the considerable changes in 
temperature suggested by some 
catastrophists and, yet, fossil evidence 
shows that crocodilians were not 
noticeably affected by terminal Cretaceous 
events*. The ad hoc explanations put for- 
ward to account for their survival (Hsii, 
for example, has suggested that their eggs 
survived by being buried in mud?) are, to 
say the least, unconvincing (dinosaur eggs 
would have been preserved, too). 

Gradualist hypotheses are no better at 
explaining the survival of crocodilians and 
other reptilesbut not dinosaurs at the end 
of the Cretaceous. The hypotheses usually 
imply that the Cretaceous extinctions were 
the result of worldwide climatic change, 


and possibly marine regression?®. But 
since the decline of crocodilians in many 
parts of the world during the Tertiary 
seems to have been linked to progressive 
climatic deterioration’ *, it is difficult to 
see how crocodilians could have survived 
even more extensive changes at the end of 
the Cretaceous. 

Terminal Cretaceous extinctions were 
selective. Most of the land vertebrates 
which survived were small forms, and 
freshwater communities were less affected 
than purely terrestrial ones?. At first sight, 
this is difficult to explain within the 
framework of either catastrophist or 
gradualist hypotheses. However, an 
analysis in simple trophic terms may be 
revealing. Apparently, on the continents, 
terminal Cretaceous extinctions mainly af- 
fected large terrestrial herbivores and the 
predators which fed on them. Almost all of 
them were dinosaurs. This suggests that the 
extinctions were confined to the members 
of a food chain that began with land plants, 
which were the first to be stricken. This 
would explain why freshwater vertebrates, 
which are not directly dependent on land 
plants for their food, were unaffected. 
Small land vertebrates, such as squamates 
or mammals, which were mainly car- 
nivorous, insectivorous or omnivorous, 
also did not need large amounts of fresh 
plant material to survive, and would have 
suffered relatively little if the ‘vegetation 
crisis’ did not last too long. There are con- 
flicting opinions as to whether the fossil 
record indicates large-scale extinctions in 
the plant kingdom at the end of the 


Cretaceous but detailed analysis of a North 
American locality by Orth ef al.'° has 
revealed a sharp drop in angiosperm pollen 
abundance at the Cretaceous-Tertiary 
boundary. This suggests a brief crisis in the 
plant kingdom, followed by recuperation, 
perhaps aided by surviving seeds. 

Assuming there was a brief crisis in the 
plant kingdom, what could have caused it? 
An attractive possibility is the introduction 
of a large amount of dust into the at- 
mosphere because that could have in- 
hibited photosynthesis. The cause of the 
dust is a matter of debate. It could have 
been the passage of the Earth through an 
interstellar cloud'', volcanic eruption'? or 
the impact of an asteroid. 

Hence, impact hypotheses need not be 
rejected but the more drastic hypothetical 
consequences of an impact are not sup- 
ported by the survival of some reptiles and 
are not needed to explain the extinction of 
the dinosaurs. On the whole, even thoughit 
may seem paradoxical, the selective 
character of the terminal Cretaceous ex- 
tinctions suggests that they were caused by 
an event that was not very brutal or long- 
lasting but possibly rather sudden. If this 
interpretation is correct, the Mesozoic 
world may have ended neither with a bang, 
nor with a whimper, but with something in 
between. D 
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100 years ago 


A RECENT writer in the North China Herald 
discusses the part played by mercury in the 
alchemy and materia medica of the Chinese. 
Cinnabar was known to them in the seventh 
century before the Christian era, and its 
occurrence on the surface of the earth was said 
to indicate gold beneath. Their views on the 
transformation of metals into ores and ores into 
metals by heat and other means took the form of 
a chemical doctrine about a century before 
Christ, and there is now no reasonable doubt 
that the Arabian Geber and others (as stated by 
Dr. Gladstone in his inaugural address to the 
Chemical Society) derived their ideas on the 
transmutation of metals into gold and the belief 
in immunity from death by the use of the 





philosopher’s stone from China. Among all the 
metals with which the alchemist worked, 
mercury was pre-eminent, and this is stated to be 
really the philosopher’s stone, of which Geber, 
Kalid, and others spoke in the times of the early 
Caliphs. 

In China it was employed excessively as a 
medicine. On nights when dew was falling, a 
sufficient amount was collected to mix with the 
powder of cinnabar, and this was taken 
habitually till it led to serious disturbance of the 
bodily functions. In the ninth century an 
Emperor, and in the tenth a Prime Minister, 
died from overdoses of mercury. Chinese 
medical books say it takes two hundred years to: 
produce cinnabar; in three hundred years it 
becomes lead; in two hundred years more it 
becomes silver, and then by obtaining a 
transforming substance called ‘‘vapour of 
harmony”’ it becomes gold. This doctrine of the 
transformation of mercury into other metals is 
2000 years old in China. The Chinese hold that if 
not only prolongs life, but expels bad vapours, 
poison, and the gloom of an uneasy mind. 


From Nature 30, 299, 24 July 1884. 
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Nonlinear effects in ordinary and partial differential equations can result in a wide variety of phenomena. 
ranging from strange attractors to solitons. Despite their great diversity, many nonlinear equations. 
have certain fundamental properties in common which are revealed by studying the types of singularities 
their solutions can exhibit. Many of the mathematical tools required for this study can be found in the 


classical literature. 














NONLINEAR ordinary and partial differential equations model 
an enormous variety of natural processes ranging from the 
simple swing of a pendulum to the complicated turbulent flow 
of a fluid. Despite the great diversity of their mathematical forms 
and the processes that they describe, many of these equations 
have certain fundamental properties in common. Furthermore, 
certain mathematical techniques—many of them from classical 
alysis—-can be used to study these equations and provide a 
nore unified framework to understand their properties. 
= One's ‘introduction to nonlinear ordinary differential 
equations is usually through classical mechanics’. Here, for 
example, one learns how to solve the equations of motion for 
a pendulum. For very small displacements, the equations are 
linear and the solution is immediately written in terms of the 
sine and cosine functions. For larger displacements the 
equations are nonlinear but here again an ‘exact’ solution can 
be found in terms of the so-called ‘elliptic’ functions. Other 
mechanical systems such as simple configurations of oscillators 
(with-or without friction), certain types of spinning top or the 
Kepler model of planetary orbits (the ‘two-body’ problem) may 
all be solved exactly and their solutions found to have, to varying 
degrees of complexity, nice periodic behaviour. Such systems 
are termed ‘integrable’. Slightly more complicated, and usually 
physically more relevant, mechanical systems, such as configur- 
ations of nonlinearly coupled oscillators or the ‘three-body’ 
problem of celestial mechanics (the Earth’s orbit about the Sun 
perturbed by Jupiter), do not seem to have ‘exact’ solutions. 
These are the ‘nonintegrable’ systems of classical mechanics and 
they constitute the generic (typical) class of mechanical systems 
(Fig. 1). Attempts to solve the three-body problem became a 
major preoccupation of many mathematicians of the nineteenth 
and ‘early twentieth centuries’. The major difficulty was that no 
known forms of perturbation theory expansions would converge. 
Thus, not only was no ‘exact’ solution possible but no statements 
about the long-time stability of solutions were possible either. 
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Scheme showing subdivisions of the dynamical systems. 



























The inability to make progress with this problem was. neatly’ 
summarized by Max Born, who was attempting (unsuccessfully) 
to find the classical orbits of the electrons in the helium atom’. 
He wrote “it would indeed be remarkable if Nature fortifie 
herself against further advance in knowledge behind the analyti- 
cal difficulties of the many-body problem”. In Born’s. case the 
problem was solved with the advent of quantum mechanics—but 
the classical problem remained. 
Recently, however, our understanding of this problem. has 
increased through the proving of certain important theorems 
and the advent of high speed computers. The theorems (due 
Kolmogorov, Arnold and Moser) are concerned with the effect 
of nonintegrable perturbations on integrable systems and 
explain when the traditional perturbation theories diverge*. The 
computers have enabled us to study numerically the solutions 
of nonintegrable systems and reveal a generic phase space 
structure of remarkable complexity. The solutions to systems:of © 
nonintegrable differential equations are very sensitive to initial 
conditions. Some solutions still evolve in a smooth periodic 
manner whereas others. evolve in a highly chaotic, although 
absolutely deterministic manner, progressing in time (and space) 
in an apparently random way. The study of ‘deterministic chaos’ 
in a variety of model systems has become an active area of 
research with the promise of useful applications to important | 
physical processes’. 
Despite the current activity in nonlinear dynamics, a funda- 
mental question remains. Given a system of equations, how can 
one tell a priori whether or not they are integrable? To date, 
this identification, which requires the finding of the ‘integrals © 
of motion’, has proceeded by means of analytical ingenuity, 
luck or computer experiment. The latter course, although valu- 
able, can never be conclusive. 
The answer to this problem probably lies in the classic work 
of the Russian mathematician Sofya Kovalevskaya on the prob- 
lem of the rotation of a rigid body (a top) about a fixed point. 
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Kovalevskaya 


Before describing her scientific work, we should outline 
Kovalevskaya’s life story®. She was born in 1850; the middle 
child of a retired Russian general. At that time, the pursuit of 
knowledge was not considered a suitable activity for young 
ladies and this regime was rigorously enforced by an acerbic 
English governess. Nonetheless, Kovalevskaya was able to 
indulge in some clandestine reading of scientific and mathemati- 
cal texts borrowed from an uncle's library. Once it was appreci- 
ated that she was something of a prodigy her father allowed her 
to undertake more formal studies with a private tutor. However, 
in those days the only respectable way a young lady could leave 
home (and hence continue her studies at university) was to get 
married. Such a marriage was arranged with this end in mind 
and she and her student husband set out for Germany where 
they both hoped to pursue their studies. Unfortunately, it soon 
became apparent that as a woman she was barred from attending 
any university in Germany, let alone anywhere else in Europe. 
However, Weierstrass, recognizing her talent, gave her private 
lessons. Obtaining a doctorate presented many problems not 
least of which was that women were barred from attending (let 
alone participating in) the required public thesis defence. To 
overcome this obstacle she wrote three dissertations which 
Weierstrass ‘hawked’ around various German campuses until 
the University of Gottingen finally agreed to award her a doctor- 
ate without having to make a thesis defence. This was in fact, 
just the beginning of an outstanding scientific career. Among 
other things she was awarded the Bordin prize of the Paris 
Academy of Science in 1888 for her work on the rigid body 
problem—her work was considered so outstanding that the prize 
money was trebled. She finally became a professor at the Univer- 
sity of Stockholm, being one of the first women in Europe to 
hold a senior university faculty position. She died of pneumonia 
aged 41. 

Her classic work on the rigid-body problem concerned the 
solution of the Euler—Poisson equations which describe the 
motion of a top spinning about a fixed point’. They are a set 
of six, first-order, nonlinearly-coupled, ordinary differential 
equations of the form 
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where (p,q,r) and (a, ß, y) are the components of angular 
velocity and the direction cosines (which define the orientation 
of the top) respectively. The variables (A, B, C) and (Xo, Yo, Zo) 
are the moments of inertia and the position coordinates of the 
centre-of-gravity respectively. These are the adjustable para- 
meters of the system—for different values of which the system 
may or may not be integrable. 

The solving, or integrating, of such a system of equations 
proceeds by identifying the integrals of the motion—a complete 
integration requires one to find as many of them as the order 
of the system (six in this case). These integrals are various 
analytical functions of the dependent variables that are constant 
in time. From fundamental physical considerations there are 
certain ‘classical’ integrals that can be identified immediately. 
These are the total energy, the angular momentum and, from 
simple geometric considerations, the sum a? +8°+y°. As it 
turns out, with further standard simplifications, a complete 
solution of the problem requires the finding of only one more 
integral. The quest for this fourth integral became a popular 
problem in eighteenth and nineteenth century mathematics. 
However, it eould only be found for three special cases: the 
trivial case of A= B = C, the case x, = yp = Zp due to Euler and 
the case A= B, x) = yo = 0 due to Lagrange. A general solution 
to the problem seemed to be unobtainable. 





Sofya Kovalevskaya from A Russian Childhood (ref. 6). 


Kovalevskaya’s approach” to this problem was to use the 
mathematically powerful, but seemingly unphysical, techniques 
of complex variable theory. Apparently motivated by the work 
of Fuchs, she set out to determine the conditions for which the 
only movable singularities exhibited by the solutions to the 
equations of motion, in the complex time plane, would be 
ordinary poles. She found that this only occurred for four special 
combinations of the parameters (A, B, C) and (xo, Yo, Zo), 
namely the three known cases and any new one (A= B=2C, 
Z)=0), for which she was able to find the fourth integral of 
motion and hence effect an integration of the equations of 
motion. 

To understand the basis for this result, we must now examine 
in more detail the properties of functions of a complex variable 
and the theory of elliptic functions and their generalizations. 
Before we do this it is worth emphasizing that the original top 
problem is not a desiccated example of nineteenth century 
mathematics. More recently it has found useful applications in 
the theory of stationary flows of incompressible fluids*. 

[Note that for linear ordinary differential equations the sin- 
gularities are determined by the coefficients and are fixed. Thus 
the equation (df/dz)+(1/z?)f(z)=0, which has the solution 
f(z) = Ce'/*, has a fixed (in this case, essential) singularity at 
z=0. On the other hand, nonlinear ordinary differential 
equations can have movable singularities. Thus the equation 
(df/dz) +f7(z) =0, which has the solution f(z) = (z+f~'(0))~', 
has a movable pole whose position is determined by the initial 
condition /(0).] > 








Elliptic functions’ theory 

The elementary functions of classical analysis usually have a 
‘fairly simple structure when viewed in the complex plane. For 
example, functions such as sin(z) and cos(z) have no sin- 
gularities in the (finite) complex z plane. Such functions are 
termed‘ entire functions. An important theorem due to Liouville 
states that entire bounded functions can only take on one value, 
that is they are constant valued functions. From this we can 
immediately draw a simple but important conclusion of dynami- 
cal significance. The integrals of motion that are required to 
solve differential equations are constants of the motion. There- 
fore; they must be entire functions and, in mathematical terms, 
our ability to find integrals can be translated into our ability to 
construct entire functions. 

Functions whose only singularities are ordinary poles are 
termed meromorphic. Elliptic functions are an example of such 
functions. They can arise as the solutions to certain types of 
nonlinear ordinary differential equations’. For example, the 
equation of motion for a particle (of unit mass) moving in the 
cubic potential V(x) = —2x° +4g,x (where the coefficients 2 and 
g, are chosen for notational convenience) is 


a= 6x? 38) (1) 


To integrate this equation we must find an integral of motion. 
We note that equation (1) can be reduced from a second-order 
to a first-order equation by expressing it in the form 


dx\? 
(2) = 4X? = gX — g3 (2) 


as may be verified by differentiating through with respect to t 
and cancelling the common factor (dx/dt). The new constant 
of integration g, is our desired (first) integral. We note that 


is, in fact, just ‘the mechanical energy (or hamiltonian) of the 
system. Equation (2) is now solved by the integration 
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where C is a constant of integration (the second integral). 
Proceeding from equations (1) to (3) is termed in the classical 
literature as ‘integrating by quadratures’ and is, loosely speaking, 
our notion of finding an ‘exact’ solution’. Of course, in equation 
(3) we only have ¢ as a function of x; clearly we require the 
inverse function x=x(t). This inversion is an elementary 
example of the Jacobi inverse problem’! 

Equation (3) is an example of an elliptic integral the inverse 
of which, in this case, is the famous Weierstrass elliptic function 
(usually denoted as P(t)). The function t(x) is an infinitely 
multivalued function whereas x = P(t) is a single valued func- 
tion (compare with y= sin(x); y is a single valued function of 
x but’x=sin7'(y) is infinitely multivalued). Viewed in the 
complex x plane, the integrand in equation (3) has an interesting 
topological structure. The cubic expression can be factorized as 
4x? ~ gox — g3 = (x — e,)(x — e,)(x — e3) where the roots e,, &2, 6 
are related to g, and g, . We can now see that the integrand is 
singular but, owing to the square root, these singularities are 
branch points. By pairing up two of these branch points and 
the third one with the point at infinity, the complex plane 
acquires two branch cuts. Although the complex plane (that is, 
the Riemann surface) has a complicated multisheeted structure, 

xit can, with some careful ‘cutting and pasting’ along the branch 
cuts, be folded into a two-dimensional torus with a single hole— 
“swe term this a surface of genus one. 
“This takes us into the realms of algebraic geometry. Here one 
scan associate with a given Riemann surface a certain irreducible 
alynoinial which, in turn, defines an algebraic curve'®. For 









~ surfaces of genus one, the canonical form of the associated 


curve is r°=4s°~g.s—g,. If we identify s= P(t) and r= 
dP(t)/dt, we see that this is exactly the differential equation 
(2). From our point of view one of the most important results 
is that for curves of genus one (elliptic curves) the coordinates 
r and s are meromorphic functions of some parameter t. This. 
geometric point of view becomes particularly valuable when we: 
go on to consider much more general cases than equation (1). 

Fortunately the meromorphic nature of the solutions to 
equation (1) may be determined in a rather direct way by 
examining their local properties. A meromorphic function can 
be expanded about a given singularity in the form of a Laurent 
series, that is 


Oke rears saa E(t to)” (4) 


where to is the pole position and the ‘leading order’ a an integer. 
The validity of this expansion canbe determined by. direct 
substitution into the differential equation (1). By balancing most 
singular terms, it is easy to see that a = 2—thus the singularities. 
are second order poles. An analysis of the expansion coefficients 
Am which can be determined recursively, shows that» ag:i 

arbitrary. This arbitrary coefficient plus the arbitrary pole posi- 
tion tọ constitute the two pieces of arbitrary data required to 
specify the solution of a second-order differential equation (their. 
actual values are determined by the initial conditions). 

This test of local properties is rather powerful. For a more 
complicated system of equations, such as the Euler—Poisson 
equations, one makes the substitution (4) for each of the deperi- 
dent variables (p, q, r, a, B, y). If they all have integer leading 
order and if the total number of arbitrary parameters (including 
the common pole position ty) is enough (the order of the system), 
one has demonstrated that the movable singularities exhibited 
by the solution are ordinary poles. It was essentially this pro- 
cedure that was used by Kovalevskaya. It can be used to good 
effect to study dynamical systems of current interest. 

Note that while the Weierstrass elliptic functions have second- 
order poles (a = 2) and the Jacobi elliptic functions (which arise 
when the right-hand side of equation (1) is replaced by a cubic 
polynomial) have first order poles (a = 1), solutions to equation 
(1) with a right-hand side, including terms of higher than third 
order, have branch points. For example, if the right-hand side 
of equation (1) is a polynomial of order five, f(x), then the- 
leading order is easily seen to be 1/2. Thus the movable sin- 
gularities become movable branch points. The corresponding 
quadrature is now the. hyperelliptic integral 
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The corresponding Riemann surface is now a surface of genus 
two (a torus with two holes) and the associated algebraic curve, 
a hyperelliptic curve, cannot. be parameterized in terms of“ 
meromorphic functions. However, Jacobi observed that certain ~ 
symmetrical combinations of hyperelliptic integrals do have ` 
meromorphic inverses. 

In fact, the theory of hyperelliptic integrals and their inverses 
can be cast in a very general form and generalized to many ~ 
dimensions. The integrals in equations (3) and (5) are just special 
cases of abelian integrals'’ (named after the Norwegian’ | 
mathematician Niels Abel who died in poverty and relative- 
obscurity aged 27). The associated Riemann surfaces are’ 
examples of what are termed abelian varieties. The right combi- 
nations of variables, which lead to abelian functions (Weierstrass ` 
and Jacobi elliptic functions are just special cases of these), are: 
meromorphic functions. This is a result of particular significance 
in the study of dynamical systems. Unfortunately, the modern | 
approach to abelian function tends to be very geometrical and 
hence not easily accessible to physical scientists. On the other 
hand, the old fashioned, analytical approach was (and is) often 
very dull. In a letter to Mittag-Leffler, Kovalevskaya wrote ‘I 














on abelian functions of Briot. How is it possible to expose such 

a beautiful subject in so dry a manner to the students?’ {see ref. 

7). Note that general theorems concerning Kovalevskaya’s result 
{that is the connection between movable poles and integrability) 
have yet to be proved. Only recently have some results for a 
few special cases been found’*. 


Painlevé and his contemporaries 


An important way of classifying ordinary differential equations 
-is according to the types of singularities that their solutions can 
exhibit. One of the most extensive investigations of this sort was 
carried out by the French mathematician Paul Painlevé at the 
turn of the century. He was an important political figure in 
Europe during the early part of the twentieth century—serving 
as French defence minister during World War I. He was very 
interested in aviation and as a friend of the Wright brothers 
became the first passenger (nonpaying) in aviation history. He 
~-moved in exclusive intellectual circles and his ‘set’ included the 
~Clemanceaus and Gustav and Alma Mahler. 

Following earlier work by L. Fuchs and others on the classifi- 
cation of first-order differential equations, he set about determin- 
ing the categories of second-order equations whose only mov- 
“able singularities are ordinary poles. Working with the general 


«elass of equations 
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where F is analytical in x and rational in y and dy/dx, he found 
that there were 50 types which had the desired analytical 
property’®. Forty-four of these equations could be solved in 
¿terms of known functions (including the elliptic functions). The 
remaining six equations, now usually referred to as the Painlevé 
otrancendents, have transcendental meromorphic solutions. In 
fact, Painlevé himself only found the first two of the transcen- 
_ dents. These are 


d 
a =6y? +x (7) 
d? 
TAS 2y Hay +a (8) 


and the remaining four were found by various of his pupils. 
The sixth, due to Gambier, is the most general, embracing the 
other five as special cases of it. Note that whereas the differential 
equations with elliptic function solutions are algebraically 
integrable, that is their integrals are algebraic functions, the 
-Painlevé transcendents are not. The significance of this, if any, 
is still not fully understood. It is fairly easy to show’ that, 
asymptotically, the solutions of the first and second transcen- 
dents behave like elliptic functions, However, unlike the latter, 


little is known about the actual distribution of poles in the 


; complex plane of these equations. 
© There are some remarkable connections between nonlinear 
‘ordinary differential equations of the Painlevé type and certain 
properties of linear ordinary differential equations. R. Fuchs 
(son of L. Fuchs) studied the linear differential equation 
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which has fixed singularities at t=0, 1, 00, x and y, where y is 
considered to be a function of the parameter x. He showed that 
as the singularity position x was varied, something called the 
monodromy group of the equation would be preserved, provid- 
ing that certain conditions were met—in particular that y(x) 
was a solution to the sixth Painlevé transcendent! This is, in 
fact, an example of a more general observation that many special 
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nonlinear ordinary and partial differential equations arise as the 
condition for the preservation of certain properties (for example, 
monodromy group or spectral properties) of linear equations 
under deformation. 
As impressive as this body of work was (and is), at the time 
it appeared to have little application to the physical sciences. 
Indeed, there was apparently only one reference to the Painlevé 
transcendents in the contemporary non-mathematical 
literature'* (in connection with a certain problem in kinetics). 
Many scientists of the day were soon to be distracted by World 
War I and then by the advent of quantum mechanics and 
Hilbert’s linear spaces. As a result, much of the work on non- 
linear equations and deformation problems lay dormant. The 
situation has changed radically in the past 10 years or so. 


Modern applications 


The Painlevé transcendents and differential equations with the 
‘Painlevé property, that is, equations whose solutions exhibit 
poles as their only type of movable singularities, are found in 
a variety of different fields including statistical mechanics, 
soliton theory and dynamical systems. One of the most striking 
(relatively) early occurrences was in statistical mechanics. Here 
it was found that in a certain limit the two-point correlation 
functions for the two-dimensional Ising model (spin lattice) had 
closed expressions in terms of the solutions of the third Painlevé 
transcendent'*. Subsequently, similar results, in both classical 
and quantum field theories, with fascinating connections to 
deformation theory and some of the other Painlevé transcen- 
dents, have been found’, 

In the study of dynamical systems, various (simple) systems 
of nonlinear ordinary differential equations have been studied 
extensively. For example, a simple model due to Henon and 
Heiles'’, for the motion of a star in a gravitationally smoothed, 
cylindrically symmetrical galactic potential, takes the form of a 
pair of cubically coupled oscillators with equations of motion 
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These equations also serve as a simple model for studying the 
flow of energy between a pair of molecular bonds. This model 
was first studied in the case of the parameters A= B= C = D=1 
as a prototype of nonintegrable behaviour. Naturally, one would 
also like to know if there are any values of the parameters A, 
B, C, D for which the system (10) is integrable. By using 
Kovalevskaya’s approach, that is looking for those parameter 
values for which the equations exhibit the Painlevé property, 
four integrable cases were identified’, Subsequently, all cases 
were shown to be integrable in terms of the Weierstrass elliptic: 
functions’. In these cases, the poles in the complex t-plan are 
organized in a regular lattice typical of elliptic functions. In 
certain nonintegrable regimes, it was observed numerically and 
demonstrated analytically, that the singularities form up in. 
remarkable self-similar (fractal) sets'®. Another much studied 
system of differential equations is that due to Lorenz as a model 
for thermal convection”. The nonintegrable behaviour of this 
system, with the appearance of a ‘strange attractor’, has excited 
much attention. From the analytical structure point of view, its 
integrable cases were identified by means of Painlevé property, 
and in the nonintegrable regions certain real time behaviours, 
such as turbulent ‘bursts’, can be correlated with changes in the 
distribution of singularities’. 

Solitons are the remarkably stable, solitary wave-like solutions. - 
that are exhibited by certain nonlinear partial differential 
equations. The first recorded observation of a soliton is due to 
John Scott Russell in 1834. When riding by the Union Canali 
near Edinburgh he observed a large solitary water wave which 
persisted in its shape and speed for many miles. He wrote “This 
is a most beautiful and extraordinary phenomenon: the first day: 
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Paul Painlevé from Oeuvres de Paul Painlevé (ref. 33). 


I saw it was the happiest day of my life.” At the time there was 
much debate as to whether such a wave could exist—according 
to linear theory it would not be stable. The question was resolved 
in 1895 by Kortweg and de Vries, who derived a nonlinear water 
wave equation of the form 


(11) 


where u = u(x, t) is the wave amplitude. This equation promptly 
disappeared and did not reappear until the 1960s in certain 
plasma physics contexts. Calculations then demonstrated that 
the travelling wave solutions to equation (11) were remarkably 
stable and it was at this point that the term ‘soliton’ was intro- 
duced. Most remarkable of all was the development by Kurskal 
and co-workers of a new technique—the inverse scattering trans- 
form IST—to solve the KdV equation (11) (ref. 22). In fact, 
this technique is an example of a deformation equation. For the 
following linear eigenvalue problem (the Schrodinger equation) 
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u, +6un, + Uxx =0 





+(u(x,a)-A)y =0 (12) 
under what deformations of the potential u(x; œa), where a is 
some parameter, will the spectrum of eigenvalues, A, remain 
invariant? What one finds is that u(x; œ) must vary according 
to the differential equation U, +6uu, + txxx =0 which is exactly 
the KdV equation (11). 

Following the studies of the KdV equation, other nonlinear 
partial differential equations, with applications to nonlinear 
optics, theory of water waves, plasma physics and so on have 
been found that can be solved by IST and exhibit soliton type 
solutions?™™?*. Such equations are termed ‘completely integrable’ 
and, corresponding to their infinite number of degrees of free- 
dom, have an infinite number of integrals of motion. There are 
many interesting connections between integrable partial differ- 
ential equations and (integrable)ordinary differential equations 
of the Painlevé type. A typical example of such a connection is 
provided by the modified KdV equation 


(13) 


which can be solved by IST. It can be reduced to an ordinary 
differential equation by the similarity transform u(x, t)= 


U, ~ 6U Uy + Uxx =9 
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(31)-7/3f(2(3t)'7). The function f(z) is found to satisfy 
df 


dz? (14) 


2 +2f +a 
which is just the second Painlevé transcendent. Another interest- 
ing property of some completely integrable systems, which 
emphasizes their analytical structure, is the representation of 
their solution in terms of poles***°, For example, the solution 
to the KdV equation (12) can be represented as 


b: l 
u(x, 1)=-2Y 


imi (x—x,(t))? Nes 


where the poles x,(t) are found to evolve, with certain con- 
straints, according to the integrable system of ordinary differen- 
tial equations 


d’x, n l 
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(16) 


Clearly, given a set of nonlinear partial differential equations, 
it would be most desirable to have a direct test of integrability— 
and hence the possibility of solitons—rather than having to 


* solve the equations completely. One valuable suggestion has 


been to look for connections with ordinary differential equations 
with the Painlevé property (by means of similarity transforms 
and other types of reduction)’. Of course, in the complex 
plane, functions of many complex variables (that is solutions 
to partial differential equations) have a more complicated struc- 
ture than functions of one complex variable. In particular, the 
singularities are no longer isolated points but form surfaces 
(‘singular manifolds’) on which the solutions blow up. Recently, 
it has been suggested that a multidimensional generalization to 
the Painlevé property could be provided by looking for solutions 
that have local single-valued expansions about their movable 
singular manifolds (a generalized notion of meromorphicity)*’. 
An attractive feature of this approach is that it can be applied 
directly to a given partial differential equation without the need 
to reduce it to an ordinary differential equation. This procedure 
seems to work and, furthermore, has nice connections with 
existing procedures. 

The singularity structure of nonintegrable systems can also 
be important. For example, there is some evidence that the 
equations for three-dimensional, inviscid, incompressible fluid 
flow (the Euler equations) may exhibit real time singularities*’. 
In the presence of viscosity (the Navier-Stokes equations), these 
singularities will be lifted off the real axis but their presence 
could be responsible for the onset of turbulence and intermit- 
tency’. 

Hopefully, this survey has demonstrated that a very wide 
range of equations can be treated in a fairly unified way by 
examining their analytical structure. But much more work needs 
to be done. 

I thank David and Gregory Chudnovsky for many valuable 
historical insights. This work is supported in part by the Office 
of Basic Energy Sciences of the US Department of Energy. 
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convection in the atmosphere. 


The first direct measurements of turbulence in an oceanic convective mixed layer were obtained during a cold-air outbreak. 
_ The uniformity of the turbulent dissipation rate and its relation to the surface buoyancy flux are similar to observations of 





































CONVECTION is one of the most important, yet least under- 
stood, mechanisms by which heat is transferred between the 
atmosphere and ocean, and between the upper ocean and the 
deep ocean. At high latitudes, convection reaches great depths 
-and is responsible for the formation of much of the intermediate 
and bottom water’. At mid-latitudes, convection modulates the 
depth and homogeneity of the upper ocean on daily and seasonal 
cycles**. In spite of the importance of convective mixing, pre- 
vious turbulence measurements had been made only in shallow 
oceanic mixed layers driven by the wind stress, not by the surface 
“buoyancy flux’. Further progress in modelling upper ocean 

dynamics requires a better understanding of the effects of con- 
“vection, particularly in dissipating turbulent kinetic energy 
within mixed layers’. 
©. An experiment to measure convective turbulence was per- 
«formed in January 1983. To obtain maximum convective forcing, 
the measurements were made within warm-core Gulf Stream 
Ting 83-1 (41° N 66° W) during a cold-air outbreak. Warm-core 
-fings are formed when northward meanders of the Gulf Stream 
:: pinch off, enclosing warm water from the Sargasso Sea. During 
“January, sea-surface temperatures within ring 83-1 were 5-8 °C 
warmer than the surrounding slope water. In winter, outbreaks 
of Arctic air over eastern North America often follow the passage 
of low-pressure centres. As this cold air flows over the ocean, 
large air-sea temperature differences and surface heat fluxes are 
produced in warm-core rings. 

This analysis examines the characteristics of e, the rate of 
_ dissipation of turbulent kinetic energy, within the mixed layer. 

The observations are interpreted within the context of the atmos- 
pheric forcing and the bulk response of the ocean to that forcing. 
Finally, the results are compared with observations made in 
atmospheric convective mixed layers. 


- Atmospheric forcing and bulk response 


Direct atmospheric forcing of the upper ocean is produced by 
the work of the wind stress, Ew, and by the surface buoyancy 
_ flux, J}. These parameters were computed using routine observa- 
tions in the ship’s weather log and bulk aerodynamic formulae** 
and are shown in Fig. 1. The wind forcing was dominated by 
two storms. A cold-air outbreak followed the second storm, 
producing large heat fluxes and rapid deepening of the mixed 
layer. 

oo The major éorcing by the wind stress occurred during short 
bursts of high winds during the storms. The maximum value of 
Ew 19 Wm~’, occurred on 17 January and was produced by 
winds with speeds greater than 20ms™7'. E,, then dropped to 


<2 W m™ which, nevertheless, represents significant wind forc- 
ing and corresponds to the largest magnitudes reported from 
the Joint Air-Sea Interaction Experiment (JASIN)”. 

Because the sea-surface temperature within the ring varied 
by <2°C, fluctuations in the heat and buoyancy fluxes were 
due to changes in air temperature and wind speed. A mild: 
decrease in air temperature followed the first storm, producing 
air-sea contrasts of up to 5°C. A much larger air temperature 
decrease began on 17 January, during the second storm, and 
continued to 2! January. Air-sea temperature contrasts of 15 °C 
produced upward surface heat fluxes, St of 600 W m™? during 
the ‘lull’ in the winds. The heat flux was due equally to sensible 
and latent components, and the corresponding surface buoyancy. 
flux, J}, was 2.8 x107” Wkg™'. A short burst of high winds on 
20 January increased J) to 900 W m™ and J? to 5 x 1077 W kg’. 

The Monin~Obukhov length, L= —u;,/«J? (where u, is the 
friction velocity and « is von Karman’s constant), gives the 
relative strength of the two types of forcing. L is negative in 
convective conditions, and |L] is the depth scale at which wind 
stress and buoyancy flux are equally effective in producing 
turbulence within the mixed layer. Thus, convection should be 
the dominant mechanism for jz/L|>1, if |L] is less than the 
mixed layer depth, D. The first storm increased D from 15m 
to between 35 and 50 m (Fig. 1d). Subsequently, the layer eroded 
until the arrival of the second storm. When the ship returned 
to the ring centre, late on 18 January, D was ~75m and 
increasing rapidly, reaching 160-170 m by 20 January. During»: 
this time, 5< D/L < 10, and convective forcing was dominant 
throughout most of the mixed layer. The frequent occurrence 
of snow and sea smoke and the agitated condition of the sea 
surface obscured any surface patterns that may have been pro- 
duced by subsurface convection. 


Stratification and shear 


Mixing results from.an interaction between forcing and the static 
and dynamic states of the water column. In particular, the. 
stratification (given by the stability frequency, N), the tem- 
perature—salinity (Ts) relationship, and the shear affect the 
response to forcing. These parameters are shown in Fig. 2 for 
one of the first and one of the last bursts of profiles in the ring. 
Before the first.storm, a salt-stabilized temperature inversion 
extended from the base of the shallow mixed layer to a tem- 
perature maximum near 2 MPa. The ring had apparently been 
flooded by cooler, less saline slope water!®. Owing to the nearly 
compensating effects of temperature and salinity on density, the” 
mean stratification was weak through most of the temperature. 
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Fig. 1 Summary of atmospheric forcing, showing the passage of 
two storms, the cold-air outbreak following the second storm, and 
the deepening of the mixed layer. The meteorological variables 
were computed from observations entered every 2h in the ship's 
weather log. Ey = pu, is the rate of work by the wind on the sea 
surface (p is the density of water and u, is the oceanic friction 
velocity); J9 and J$ are the surface fluxes of buoyancy and heat, 
respectively; L is the Monin-Obukhov length; and D is the mixed 
layer depth. The sea-surface temperature depressions (dashed line) 
on 15 and 17 January were caused by the temporary movement of 
the ship to the edge of the ring. J3, J} and L were calculated using 
interpolated sea-surface temperatures on 15 and 17 January (solid 
line) so that they would be representative of conditions within 
the ring. 


inversion. Strong density gradients existed only between 0.1 and 
»0.3 MPa and below 1.4 MPa (Fig. 2a). Hence, once the mixed 
Mayer penetrated the upper stratified zone, the work required for 
Wurther deepening decreased until the stratified region near 

1.4 MPa was reached. 

The initial Ts relation was unstable to the diffusive regime of 
double diffusion, which is most likely to occur when R,= 
Ps:/ aT,<2 (a and B are the coefficients of thermal expansion 
‘and haline contraction, respectively). From the surface to the 

Ts maximum near 2 MPa, R, ~ 1.5, and numerous instances of 
double diffusion have been found in the profiles. Some of these 
have been reported previously''; in the present context, double 
| sce is considered only as part of the background mixing 

eneath the mixed layer. Because the maximum values of € 
sattributable to double diffusion are only 20% of the mean values 

n the mixed layer and occur only in regions several metres 

hick, their effect on the dynamics of the mixed layer is negligible. 

Shear was monitored with 25 velocity profiles taken with 
Expendable Current Profilers (XCP)'* which have a vertical 

-esolution of about 10 m. Before the second storm, the strongest 
vertical shear was generally found below the base of the mixed 
ayer (a typical example is shown in Fig. 2a), but the presence 
k even small shear within the upper 1.5 MPa was significant 
*ecause the stratification was so weak. Despite the low values 
f N between 0.3 and 1.3 MPa, the Richardson number, Ri = 
/(@U/az +aV/az)} where U and V are velocity components, 
termined from individual XCP profiles, was <0.25 only in 

e high shear region above 0.6 MPa; the stratification below 

.6 MPa was sufficient to prevent shear instability. After the 
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Fig. 2 The deepening of the mixed layer is shown by profiles 
taken before and after the cold air outbreak. (A sea pressure of 
1.0 MPa corresponds to a depth of 100m.) a, Average vertical 
profiles of temperature ( T), salinity (s), density (a) and buoyancy 
frequency (N) from AMP burst 14 (0900-1000 GMT 15 January) 
and U and V components of velocity from XCP 1156 (1220 GMT 
15 January). b, Profiles from AMP burst 34 (0700-0830 GMT 20 
January) and XCP 1171 (0540 GMT 20 January). U and V are 
centred on their mean values. 


cold-air outbreak, the upper 1.5 MPa of the water column was 
well mixed and Ri was <0.25 throughout (Fig. 2b). Below 
1.5 MPa, the stratification remained large enough to compensate 
for the shear and Ri was about 0.8. 


Dissipation in the deepening mixed layer 


During the cold-air outbreak, vigorous mixing and high dissipa- 
tion rates were observed throughout the mixed layer. Direct 
measurements of dissipation-scale velocity fluctuations were 
made with two airfoil lift probes’? mounted on the Advanced 
Microstructure Profiler (AMP)'*. The dissipation rates, £, were 
calculated directly by integrating velocity gradient spectra and 
assuming spectral isotropy. 

Although much variability occurred in the 100 AMP profiles 
taken during the cold-air outbreak, three distinct regimes 
appeared in most of the profiles. The surface zone, 10-25 m 
thick, contained intermittent density inversions and € values of 
10°° Wkg’' and higher. A well-mixed central zone, 50-160 m 
thick, extended to the density step at the base of the mixed 
layer. Within the central zone, e was uniform with depth and 
had a mean value near 10” W kg '. Below the base of the mixed 
layer, a transition zone, up to 15 m thick, contained intermittent 
density inversions and £ decreased to background levels of 
10° Wkg!. ‘ 

An example from an early stage of deepening is shown in 
Fig. 3a. In this profile, the surface zone extended to ~0.20 MPa 
and had £ >10°° Wkg ', but contained no large density inver- 
sions. The rest of the mixed layer had nearly uniform e levels 
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Fig. 3 Uniform dissipation rates through the mixed layer at two 

stages of the cold-air outbreak. a, AMP 1281 (0200 GMT 19 

January). b, AMP 1360 (0500 GMT 20 January). The surface 

buoyancy flux (/}}) and Monin-Obukhov length (L) at the times 

of the profiles are indicated by the arrows on the € and pressure 
axes. The profiles began at pressures of ~0.03 MPa. 


of 1 x 10’ W kg”! which then decreased by a factor of 100 across 


_ the sharp density step at the base of the layer. The dissipation 


rates beneath the mixed layer are characteristic of those in the 
thermocline'*, except for the increase between 1.5 and 1.8 MPa. 
This occurred in a sequence of steps of increasing temperature 
and salinity (not shown) and has been attributed to mixing in 
the diffusive regime of double diffusion''. 

The profile in Fig. 3b was taken early on 20 January, shortly 
after the mixed layer had penetrated into the more stratified 
region below 1.4 MPa. Density inversions as thick as 15 m were 
found above 0.4 MPa, and dissipation rates in the surface zone 
remained extremely high. From 0-4 MPa to the base of the layer 
at 1.5 MPa, e was uniform at 2x 10°’ Wkg™'. In this record, £ 
did not diminish to background levels until 15 m below the base 
of the mixed layer. Overturns a few metres thick showed that 
water from the stratified section was being entrained. 

The unique feature of these profiles is the relative uniformity 
of e throughout mixed layers as deep as 180 m. This resembles 
those atmospheric convective mixed layers which have been 
studied extensively using sensors on towers, tethered balloons, 
and aircraft'*'’. Observations made over heated land show that, 
at heights where the absolute value of z/L|>1, the turbulent 
kinetic energy balance is between buoyant production and vis- 
cous dissipation’: 


Wkg! (1) 


To obtain better statistical significance in comparing our € 
profiles with those from the atmosphere, ensemble averages were 
formed of seven bursts of drops taken during the cold air 
outbreak. Each burst contained 4-12 profiles and was taken 
during an interval of between | and 3h. The seven bursts 
spanned a period of 27 h when the mixed layer depth increased 
from 70 to 170 m. Only data from depths greater than L were 
included in the averages, and no attempt was made to reject 
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data from periods when the velocity shear was large. The results 


are shown (Fig. 4a) as dissipation profiles nondimensionalized 
with D and Ji. For 0<z/D<0.35, £/J} often remained >1, 
reflecting contamination by the high turbulence levels in the 
wave zone. For 0.35<2z/D<1, e/J}~0.3. At z/ D= 1.1, €/J} 
decreased by a factor of 100. 

Dimensionless dissipation profiles from the atmospheric 
mixed layer are shown in Fig. 4b. The data are from the Min- 
nesota experiment, performed over a flat, uniform wheat field'®, 
and the Aschurch experiment, performed over less homogeneous 
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Fig.4 Dimensionless dissipation profiles from the warm-core ring 
(a) compared with profiles from the atmospheric mixed layer (b). 
In this comparison, the sea surface is at the bottom of each plot. 
(Atmospheric data are replotted from ref. 17.) The AMP data from 
individual profiles were nondimensionalized, averaged vertically 
into bins 0.05D wide, and then averaged across 4-12 drops in each 
of seven bursts. The surface zone in the ocean, 0.0< z/D<0.35, 
is relatively much thicker than in the atmosphere, 0< z/D<0.05. 
In both data sets, £ decreases by several decades near z/D=1. 


fields'’. Mixed layer heights were 500-2,500 m, and L varied 
from 5 to 50m. Each point represents an average over 15 to 
75 min, and the data were carefully edited to reject runs from 
periods with significant wind shear. (We have replotted the data 
from Fig. 9 of ref. 17.) The mixed layer dissipation remains™ 
relatively uniform at £/ J} =0.6 until a decrease of two to three 
orders of magnitude at z/ D= 1.0. 

The two profiles in Fig. 4 are similar: e/J?, remains uniform 
through most of the mixed layer and then decays rapidly begin- 
ning near z/ D = 1. In the atmosphere, ¢/J}, in the mixed layer 
is larger by about a factor of 2. The significance of this difference 
is difficult to assess; the error in our fluxes, which were estimated 
using standard shipboard meteorological observations, is uncer- 
tain. Despite the uncertainty of the numerical comparison, the 
similarity of the profiles in Fig. 4 supports the interpretation of 
these data as evidence of convective turbulence in the ocean. 


Conclusion 


The data summarized in Fig. 4 provide the first direct evidence 
of convective turbulence in an oceanic mixed layer. A large heat 
flux, produced by a large air-sea temperature contrast and 
moderate winds, resulted in Monin—Obukhov lengths that were’ 
small compared with the deep mixed layer. Consequently, a 
zone 50-120 m thick existed in which the buoyancy flux was the 
dominant source of turbulence. 
il 








In the only other experimental study of mixed layer tur- 
bulence*, the mixing was predominantly wind-driven. The mixed 
layer reached a maximum depth of 25m and the mean wind 
speed was 10ms~'. A surface heat flux of 350 Wm’ would 
have been required. to produce D/L = 1. Because such a large 
heat flux is unlikely at that site, D/L<1, and the turbulence 
throughout the mixed layer was wind-driven. 

Convective mixed layer forcing similar to that reported here 
may be expected where warm surface waters are exposed to 
cold-air outbreaks. In winter, these conditions are found in 
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_ Three-dimensional reconstruction of rigor insect 
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Rigor cross-bridges show two conformations paired within each 38.7-nm axial repeat. The two forms may express two 
stages of the cross-bridge cycle during contraction. Differing numbers of myosin heads per cross-bridge and associated | 
helical changes in the thin filament distinguish the two forms and suggest that both myosin heads usually bind to a single 


thin filament. 





“THE primary molecular eventin muscle contraction is generally 
‘believed to be the ATP-driven ratchet-like action of myosin 
cross-bridges upon adjacent actin filaments, causing filament 
Sliding and sarcomere shortening. The structural response of 
across-bridges to the different physiological states has been most 
«Clearly seen in flight muscle from the large waterbug Lethocerus 
sp., both by electron microscopy’ and in X-ray diffraction 
patterns*® 

We are concerned here with rigor, in which stable cross-bridge 
yattachment to actin is maximized following ATP withdrawal. 
‘Rigor structure illuminates three questions of importance: (1) 
Mhe shape(s) of the cross-bridges uniformly trapped at the end 
vof the rigor power- -stroke that produces tension during (and 
sustains it after) rigor induction, (2) the range of cross-bridge 
estructures as constrained by filament geometry and myosin flexi- 

ility and (3) the helical and periodic structure of thick and 
“hin filaments as expressed by the distribution of cross-bridge 
attachments. We expect that general features of cross- -bridge 
structure can be distinguished from the particulars of grouping 
wand lattice position encountered in insect flight muscle. 

The computer three-dimensional reconstruction of the fila- 
wment—cross-bridge lattice reported here was Stimulated by the 
promise and limitations in previous efforts’. Recently, cross- 
oridge structure has been deduced with the aid of optically 
“Altered images from 15-nm cross-sections and multiple tilt views 
f single filament layers in longitudinal sections”. That study 
eveals two characteristically different shapes and attachment 
ngles for rigor cross-bridges. Moreover, the actin azimuth at 
-he cross-bridges can be inferred and is compatible with Taylor- 
mos binding geometry’. Also, the cross-bridges appear large 
nough to accommodate two myosin heads. 

However, because the structures can only be viewed in projec- 
on, itis possible that the two cross-bridge structures and angles 















are more apparent than real. Moreover, optical filtering does, 

not provide a quantitative basis for assigning molecular boun-: 
daries when determining cross-bridge size. To resolve these < 
questions we have carried out a computer three-dimensional ` 
reconstruction as the next phase in structural analysis of 

Lethocerus flight muscle. This approach should also enable 
actin—-myosin binding geometry to be determined decisively with 

thin section methodology in situ, complementary to data from 

negative-stained preparations of actin filaments decorated with 

myosin subfragment 1 (S-1). 


The MYAC layer reconstruction 


The reconstruction reported here is of the rigor MYAC layer, 
a single filament layer consisting of alternating thick and thin 
filaments found in thin longitudinal sections (Fig. 1). Glutaral- 
dehyde-—tannic acid fixation was used, as this has been found 
to give better preservation of filament spingi lattice order, 
cross-bridge detail and actin substructure’. The three- 
dimensional reconstruction was done by combining image data. 
from two tilt series using methods developed for reconstructing © 
images of thin two-dimensional crystalline arrays'®. The data » 
combine well in space group p12 (Table 1, Fig. 2), indicating 
that at the resolution limit imposed by the sampled diffraction, ` 
approximate 2-fold rotation symmetry is present”. The resolution 
of the diffraction data is anisotropic and extends to 5.8nm 
equatorially and 12.9 nm axially in the untilted view. The highest 
resolution data in the three-dimensional reconstruction extend 
to 4.6 nm. 
The density map calculated for the full 116- nm axial repeat 
period has three groupings of paired cross-bridges, usually refer-. 
red to as double chevrons (Fig. 3). Positive staining dominates 
all features, with no sign of the negative staining sometimes: 
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Table 1 Three-dimensional tilt data set 


Image Tilt axis Tilt angle Phase residual 
1,021 5.4 0.0 11.8 
1,022 5.4 57.1 20.7 
1,023 5.4 -59.4 22.9 
1,024 5.4 —54.4 15.0 
1,025 5.4 46.5 12.3 
1,026 5.4 36.5 11.2 
1,027 5.4 —44.4 10.7 
1,028 5.4 —34.4 98 
1,029 5.4 26.2 13.4 
1,030 5.4 17.2 10.8 
1,031 5.4 —24.8 10.9 
1,032 5.4 =15.1 10.0 
1,033 5.4 4.3 9.7 
1,035 92.3 -55.8 34.8 
1,036 92.3 52.1 34.3 
1,037 92.3 42.4 15.2 
1,038 92.3 —39.1 18.4 
1,039 92.3 —29.3 15.2 
1,040 92.3 32.6 12.6 
1,041 92.3 23.3 13.4 
1,042 92.3 —19.4 14.6 
1,043 92.3 —119 9.4 
1,044 92.3 12.4 9.9 
1,045 92.3 0.0 7.9 


Results from the origin refinement step merging 24 micrographs from 
two tilt series are shown. The first tilt series was collected starting with 
the highest tilt angles first, because the data from these are most affected 
by any section thinning caused by prolonged electron irradiation“. 
There is, however, no evidence that such thinning actually occurred. 
Tilt axis represents the angle between the a axis (or equator) and the 
tilt axis of the electron microscope specimen stage. Micrographs were 
recorded at x17,000 magnification on a Philips EM400 equipped with 
high-tilt goniometer stage and rotation holder. The particular area of 
thin section used for the three-dimensional reconstruction was chosen 
where the two planes of sectioning appeared symmetrically placed and 
parallel about the filament axis and where the filaments within the 
section were parallel to one another. Two-dimenssional scans were made 
using effectively a 1.7-nm raster. Fourier transforms of 256 x256 point 
arrays were calculated using software written by Dr Linda Amos and 
run on an IBM 3081. 


seen after tannic acid fixation’'. The three-dimensional arrange- 
ment of cross-bridges generates the characteristic left-handed 
helical pattern about the thick filament axis’. The thick filament 
backbone is an extremely smooth feature of average diameter 
20+2nm, a value consistent with four myosin molecules per 
14.5 nm level and 36—40 myosin tails packed within any cross- 
section'?'*, The thick filament backbone shows just a hint of 
the hollow centre often seen in electron micrographs’. An inter- 
doublet gap 12.5-14.5 nm long separates double chevrons. An 
intradoublet gap 4.5 nm long at the thin filament suggests that 
one unoccupied actin monomer on average separates the lead 
and rear chevrons. 

An exact alignment between the 14.5-nm myosin filament and 
the 38.7-nm thin filament axial periods can occur only every 
116 nm. Therefore there should be structural differences among 
double chevrons within a MYAC layer; this is often seen in 
electron micrographs as a density variation in every third trans- 
verse row of double chevrons (see below). Diffraction data for 
the MYAC layer discussed here, however, did not show any 
orders requiring indexing to a 1 16-nm period other than a weak 
14.5-nm meridional, shown here in the optical diffraction pattern 
(Fig. 1b). The density maps show no distinct feature associated 
with a 14.5-nm meridional repeat. It is possible, however, to 
determine where the 14.5-nm reflection is contributing density 
to the map (Fig. 3), an exercise that reveals no obvious correla- 
tion between it and either the thin filament marking or the 
cross-bridge origins on the thick filament. 


Two structurally different cross-bridges 


The most obvious feature of the three-dimensional density map 
is the different tilt of the lead and rear bridges within each 
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Fig. 1 a, Electron micrograph of the untilted view of the rigor 
MYAC layer used for this three-dimensional reconstruction. X-ray 
monitored fixation-embedding of a bundle of glycerinated 
Lethocerus flight muscle involved sequential tannic-acid-glutaral- 
dehyde (0.2% and 2% ), cold 1% OsO, at pH 6.0, 1% uranyl acetate 
block staining and Araldite 506 embedding. Sections were stained 
by the permanganate-lead sequence®*. In rigor MYAC layers, 
pairs of angled cross-bridges form chevrons pointing towards the 
M line. Nested lead and rear chevrons (labelled L and R) form a 
doublet every 38.7 nm, with interdoublet gaps of 11-16nm and 
intradoublet gaps of 4-8 nm between lead and rear chevrons. Thus, 
the 38.7-nm repeat is two-thirds filled, as found also in cross- 
sections, where four out of six of the thin filaments around each 
myosin receive cross-bridges in a flared X pattern at each 13-14-nm 
level. Lethocerus thick filaments have a four-stranded structure?’ 
with a 38.7-nm helical repeat, and no sign of the vertebrate 43-nm 
repeat*'. Thin filaments have exactly 14 subunits per turn in both 
long-pitch (77.3 nm) strands, giving 38.7 nm as the helix 2-fold 
repeat’, The segment within each 38.7 nm, where subunit azimuth 
is sterically suited for cross-bridge attachments, is designated the 
actin target zone’. Neighbouring thin filaments are related by a 
60° rotation (or equivalent 12.9-nm axial translation), producing 
a left-hand, two-start helix of actin targets surrounding each thick 
filament. Attachment of rigor cross-bridges labels this helix heavily; 
the flared X structures rotate 60° from one level to the next as they 
follow it. b, Optical diffraction pattern of the MYAC layer shows 
strong, sampled layer lines at axial spacings of 38.7 nm and 19.3 nm 
(plus a weak meridional at 12.9nm). Only weak diffraction at 
14.5 nm survives as expression of the original relaxed thick filament 
structure, 


double chevron (Fig. 3). The limited axial resolution makes 
angle measurement imprecise due to the relatively broad contact 
between cross-bridge and actin filament. Nevertheless the lead 
bridges appear tilted about 50° to the filament axis, a value 
consistent with that observed in acto-S-1 reconstructions”'*"*. 
The rear bridges are markedly different and appear to be angled 
nearly normal (78°) to the filament axis. 

The three-dimensional density map viewed down the filament 
axis (Fig. 4) reveals the two actin long-pitch strands, clearly 
resolved at the lead chevron and interdoublet gap and through, 


Phase 
180 


Amplitude (x10?) 
15.0 


Phase 





Amplitude (x10?) 





Fig. 2. Amplitude and phase plots for six selected lattice lines in the asymmetric unit for the two-sided plane group p12. Unit cell constants 
are a= 46.65 nm and b= 116nm. Space group selection was based on the fact that, although Lethocerus thick filaments have four myosins 
per 14.5 nm, in rigor the pattern of bridge attachments effectively reduces the rotational symmetry to 2-fold’, Random biased rotation of thick 
filaments*® will not affect their average rotational symmetry, but would cause the points of origin of the bridges on the thick filaments to be 
smeared azimuthally. At the axial limit of the sampled diffraction (12.9 nm), the molecular transform of the thin filament has even rotational 
symmetry. Moreover the average symmetry at the actin position may be 2-fold due to random 180° rotation of the thin filaments’. Optical 
diffraction patterns from micrographs of MYAC layers show mirror symmetry about the meridian, further indicating the presence of 2-fold 
rotation symmetry within the plane of the section. Special care was taken to maintain alignment of the 116-nm period during origin refinement. 
Smooth curves were drawn through the amplitude and phase plots by hand and sampled at intervals of 0.01-nm~' for purposes of calculating 
the three-dimensional maps. 


about half of the rear chevron region of the map. Thus, we can 
assign unambiguously the actin position throughout the length 
əf the thin filament; that position confirms the Taylor and Amos 
nodel for the cross-bridge-actin binding geometry’. 

In situ myosin bridges show an important difference from 
hose seen in myosin S-1 in the region distal to the thin filament 
Fig. 4). Reconstructions of S-1-decorated actin usually show 
he portion of the molecule distal to the actin binding site slewing 

or bending in a single curve around the axis of the thin 


filament”'*'°. The rear bridges connect to the surface of the 
thick filament by following the conventional S-1 slew curvature. 
On the other hand, the lead bridge bends backwards against 
the slew observed for S-1 alone. The pronounced departure from 
acto-S-| structure occurs some 6-8 nm from the actin binding 
site. 

Lead and rear bridges differ in their overall length by about 
1.5 nm (Table 2), a value that probably represents a lower limit 
because more of the rear bridge length lies nearly parallel to 
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Fig. 3 Three-dimensional density maps viewed perpendicular to the plane of the section. a, Stereo pair showing a complete 116-nm repeat. 
The orientation has the Z-line at the bottom and the M-line at the top. b, Same map as shown in a, calculated with perspective and with hidden 
lines removed to illustrate the surface of the structure. Arrows to the right of the figure in a and left of the figure in b locate the positions of 
maxima in density contributed by the 14.5-nm meridional reflection, presumably indicating points of regularity in the myosin repeat of the 
thick filament. L, R, Lead and rear chevrons; *, 0, lead and rear bridges projecting out of the section; Str 1, Str 2, two long-pitch helical 
strands of the thin filament. Levels 1, 2 and 3 point respectively to the interdoublet gap, the rear and the lead chevrons. A disconnected density 
at the very surface of the maps in a and b has been removed for clarity here, but has been retained in Fig. 4, In the maps, protein is represented 
by the negative densities, due to the fact that in the specimen itself the protein is actually positively stained and shows up in the micrograph 
transparencies as regions of low optical density. We have chosen, however, to refer to the protein as high density and embedding media as 
low density (which is in fact the case in the actual specimen). The contour cutoff was chosen by examining the densities that were clearly 
outside the section and thus either represent noise or Fourier ripple. These noise features for the most part all fell below 8.6% of the highest 
(negative) density in the map. All contours shown are equally spaced apart. The imposed 2-fold rotation symmetry would effectively smear 
the bridge density by +1.38 nm axially about its centre of mass. 


the axis of sectioning compression than that of the lead bridge. 
These lengths for the cross-bridges are comparable to the 17-19- 
nm length of myosin heads measured by rotary shadowing” 
and the 17.5-nm length of myosin S-1 when the regulatory class 
of light chain is present'®. Some of the rear bridges’ extra length 
could be contributed by a part of the myosin subfragment 2 
(S-2) portion being drawn away from the thick filament back- 
bone. Because the S-2 region extends vertically upward in Fig. 
3, it might be expected that as it is pulled away from the thick 
filament shaft, the apparent tilt angle will correspondingly be 
reduced. However, as the amount of S-2 in question is small, 
this effect cannot fully account for the lower tilt angle; we 
conclude that the rear bridges are oriented nearly perpendicular 
to the filament axis. The differences in both slew curvature and 
tilt angle of the bridges suggest a flexible region within the 
myosin heads that extends nearly half the distance from their 
thick filament origin to the actin binding site. 


Two myosin heads per cross-bridge 


An important current model for rigor insect flight muscle is the 
Offer and Elliott two-filament-binding model'*. That model is 
based on the hypothesis that the distortion suffered by myosin 
when both heads bind to adjacent actin monomers on the same 
thin filament'® can be relieved if the two heads bind to separate 
thin filaments. For a thick filament with four myosin molecules 
per 14.5-nm level”, and exclusive two-filament-binding for 
myosin bridge attachments, only 56% of the myosin heads can 
be attached to actin in rigor insect flight muscle and only 28% 
of the actin monomers can be labelled*'. This model supposes 
that myosin heads not bound to actin are highly disordered or 
retracted against the thick filament shaft and are therefore not 
visible in electron micrographs. 

The two-filament-binding hypothesis predicts that a MYAC 
layer should have one non-bridging myosin molecule in the 
interdoublet gap in an orientation unfavourable to actin binding. 


In the reconstruction method we have used, poorly ordered 
heads would produce a localized, diffuse density on the surface 
of the thick filament whereas totally disordered heads would 
raise the average density of the background embedding medium. 
Our density maps, however, show the filament surface at the 
interdoublet gap to be extremely smooth (Fig. 3). Moreover, 
the contour gradient defining the thick filament surface is 
steepest, and the electron transparency of the embedding 
medium is greatest, in the MYAC section midplane where the 
non-bridging myosins should occur. We interpret this to mean 
that there are no non-bridging myosin molecules in the inter- 
doublet gap, an observation which is not consistent with exclus- 
ive two-filament binding for the bridges. 

In failing to show evidence for unbound heads,'the density 
map suggests that every myosin molecule is attached to actin.” 
At the same time, the 11-nm axial dimension of the bridges is 
large enough to contain two myosin heads. However, in rigor 
insect flight muscle only 70-80% of the myosin heads are 
attached to actin **-**, which appears to exclude the possibility 
that all the cross-bridges consist of two heads. A resolution to 
this problem can be found in the reconstruction. Lead and rear 
bridges have significantly different density (Table 2). We feel 
that the bridge density probably reflects the number of bound 
myosin heads composing it; that is, the lead bridge may have 
on average two heads while the rear bridge averages a single 
head. This may be coupled with greater axial disorder in the 
rear bridges, because a single head may make a random choice 
of one of two possible actin monomers spearated by 5.5 nm. 
Delocalizing one myosin head over two adjacent actin sites 
would yield an averaged rear bridge, lower in density but similar 
in dimensions to the lead bridge. 


Thin filament structure 


The thin filaments of insect flight muscle differ from those of 
vertebrate striated muscle in having two actin species, of 
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wmolecular weight 42,000 and 55,000 in a molar ratio of 6:1 
»(B. Bullard, personal communication), as well as a troponin 
scomplex with more than twice the mass of its vertebrate counter- 
part. Because our reconstruction approach was restricted to 
the sampled portion of the diffraction pattern, the actin subunit 
sstructure of the thin filament cannot be observed. The long-pitch 
‘helical components, however, remain. 

The most surprising feature of the thin filament is the change 
Ñn its helical structure. Expecting two long-pitch helical strands, 
bof fixed separation and constant twist, we find instead these 
| epee varying dramatically to give two different regions. 

ear the lead chevron, the strands are nearly untwisted and 
wvidely separated (Fig. 5). Conversely, at the rear chevron, the 
‘strands are overtwisted but more normally spaced. The twist 
and separation of strands differ between lead and rear chevrons 
ut remain constant within each region, with changes occurring 
jan the gaps between chevrons. These features of thin filament 
structure were largely unsuspected from our previous work, 
although they can be seen in original images once the reconstruc- 
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tion alerts the observer. A three-dimensional reconstruction of 
a rigor actin layer (K.A.T. et al., unpublished) confirmed these 
features and clearly showed the overtwisting of the actin long- 
pitch helices at the rear chevron. 

The contribution of the specimen preparation procedure to 
these features is of some concern, given the known sensitivity 
of F-actin to our fixatives***’. The observed form of the cross- 
bridges appears validated by both the degree with which the 
X-ray features of the native muscle are retained”, as well as their 
general similarity to those seen in acto-S-1 reconstructions. 
Although the variable twist of actin could represent an artefact, 
it finds reasonable precedent in recent studies of isolated F- 
actin?®, Variable strand separation, however, has as yet no pre- 
cedent in other work and no recognized correlate in X-ray studies 
of either native or preserved muscle. Fixative cross-linking 
between strands might occur more easily in the overtwist zone 
where the heightened degree of twist tightens the filament, than 
in the undertwist zone. Strand separation appears more likely 
to be an artefact than variable twist or cross-bridge shape. 
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AXTAL COORDINATE (nm) 


Fig.§ Plot of the azimuth and centroid radius of the actin long- 
pitch helices. Axial coordinate is the filament axis. Azimuth is 
measured relative to the a axis (interfilament axis) of the section. 
Each x, 0 vertical pair represents measurements at one axial posi- 
tion of radius and azimuth respectively. There was ambiguity in 
assigning the actin density where missing data points occur. The 
dashed and dotted curves are averaged values drawn in by hand. 


The changes in F-actin twist seen here exceed those observed 
in other systems and may arise because of the stronger interac- 
tions produced by pairs of opposed rigor bridges. In particular, 
: untwisting of the thin filament could relieve strain in the myosin 
‘due to two-headed binding at the lead chevron. Conversely, 
overtwisting the thin filament may make two-headed binding at 
the rear chevron more difficult. Interestingly, actin filaments 
saturated with untethered heavy meromyosin (HMM), in which 
most HMM is probably bound with two heads, do not untwist”’, 
probably because the energy required to do so is too great. In 
this case the distortion is absorbed by the HMM molecules. In 
the myofibrillar lattice, complete filament saturation is imposs- 
ible, so changes in actin filament twist in one area can be 
compensated elsewhere. 

The troponin component of the thin filament is not clearly 
resolved from the myosin bridges, Most attempts to model the 
X-ray diagram from insect flight muscle**' and arthropod 
: muscles” have concluded that the troponin position bears a 
“constant relationship to the bridge marking and makes a sig- 
“nificant contribution to diffraction on all layer lines. Given that 
troponin is distributed on a lattice, it should be resolvable, unless 
it lies in close proximity to a bridging myosin. The reconstruction 
suggests, therefore, that troponin does not lie near the lead 
‘chevron, or in the interdoublet gap, where it should be easily 
visible. However, defining its possible relation to the rear chev- 
ron must await antibody labelling experiments. 


Models for rigor bridge distribution 


.. The reconstruction as we interpret it features lead bridges con- 
“taining two myosin heads and rear bridges containing a single 
myosin head, with all myosin molecules bound to thin filaments. 
Myosin molecules bound to a single thin filament predominate. 
‘This interpretation has important consequences for the distribu- 
tion of bridges within the myofilament lattice, and particularly 
for the predicted 116-nm repeat. The presence of lead and rear 
chevrons in each target zone in rigor, and the observed change 
in thin filament structure, implies two distinctive regions within 
veach target: We will refer to lead and rear bridge targets separ- 
ately, recognizing that they are subtargets within each of Reedy’s 
„original target. zones’. 
Surrounding each thick filament are 36 actin subtargets in 
each 116-nm period, divided equally between those marked by 
ead bridges and those marked by rear bridges. In that same 
~L16-nm period there are only 32 myosin molecules, or 64 myosin 
heads. During the transition from resting to rigor states, it is 
“plausible that some actin subtargets are more accessible to 
“myosin and form rigor bridges more readily than others. Our 
_three-dimensional reconstruction suggests that lead bridge 
targets are probably always occupied by myosin molecules, 









Table 2 Comparison of lead and rear bridges 





Lead Rear 
Length overall 16.0 nm 17.5 nm 
Radial component 14.8 nm ~17.5 nm 
Axial component 6.0 nm am 
Tilt angle 50° 78° 
Maximum density 1,24 0.70 
Bound myosin heads 2 1 





Lengths were determined by measuring the distance from the point 
of origin of the bridge on the thick filament shaft along the main body 
of the bridge to the actin binding site. The surface of the thick filament 
was a circle of 10nm radius while the actin position used was the 
averaged one given in Fig. 5. Bridge tilt angle was measured along the 
axis of the bridge from the density map calculated perpendicular to the 
thick filament axis (Fig. 3) and represents only the component projected 
onto the plane of the section. Densities are expressed as a percentage 
of the maximum thick filament backbone density at the same distance 
from the central plane of the reconstruction. This was done to com- 
pensate for any variations in contrast that might occur with increasing 
distance from the central plane of the reconstruction. Note that the lead 
bridge has nearly twice the density of the rear bridge. 


either because their geometry is more favourable to initial bridge 
formation, or because after the rigor lattice anneals to equili- 
brium they represent a less strained and lower energy configur- 
ation. In forming the rigor lattice, 18 of the 32 myosins will 
form lead bridges, essentially all containing two myosin heads. 
The remaining 14 myosin molecules occupy all but 4 of the 
remaining 18 rear bridge targets. Because of the overtwisting of 
the actin filament at the rear bridge targets, rear bridges can 
have no more than one head bound. 

This arrangement makes the following predictions. First, 50 
of the available 64 myosin heads are attached (78% ) and 50 of 
the available 126 actin monomers are labelled (40% ). Second, 
in some MYAC layers, rear bridges are missing. As these missing 
rear bridges are likely to be symmetrically disposed about any 
thin filament, two out of the three MYAC layers which intersect 
at each thick filament would have a missing rear chevron. The 
arrangement also predicts that two of the nine levels of flared 
X structures in the 116-nm period would have two arms missing. 
Under this scheme, the 116-nm period would arise due to the 
incomplete occupancy of rear bridge targets. 

However, no such systematic absences of rear bridges have 
been recognized in MYAC layers or flared X cross-sections 
(M.C.R. and M.K.R., unpublished). In order to produce a flared 
X on every 12.9-nm level, and occupy all rear bridge targets, 
some two-filament binding must occur. Within the framework 
described above, occupancy of all 36 actin subtargets could be 
accomplished if 4 of the 32 myosin molecules bind to two thin 
filaments. Such an arrangement need not increase the total 
number of bound myosin heads, as the additional rear bridges? 
would come about by ‘rearranging’ the second bound head of 
a lead bridge. In this case, the 116-nm period would arise due 
to the different degrees of head occupancy of the actin subtargets. | 
An experimental test between these two models can be made 
based on the observed frequency of missing rear bridges both 
in MYAC layers and in flared X structures. 

Both of these arrangements produce a variation in bridge 
density because rear bridge targets never have more than a single 
myosin head bound (but may on occasion have none) and lead 
bridge targets never have less than a single head bound (but 
most of the time have two). This latter statement supplies specific 
occupancy details for the spatial concentration function (Q 
function), which is used to describe cross-bridge binding proba- 
bility along actin in calculations of the rigor X-ray diagram of 
insect flight muscle’. 


Discussion 


Our reconstruction of the rigor insect flight muscle MYAC layer. 
has two features of importance to muscle contraction, One is: 























‘confirming our recent observations®. The differences in the two 

types of averaged rigor bridges imply a rather high flexibility 
“with respect to both azimuth and tilt in the myosin heads. Of 
equal importance is the twist variation of the thin filament. 
Azimuthal flexibility of myosin heads is a feature of the detailed 
mechanism proposed for muscle contraction*', while twist vari- 
ation in. F-actin filaments was an early observation’? that has 
recently been described in detail?’ 

Perhaps more surprising than the flexibility shown in the 
myosin heads is the finding that it expresses itself in two averaged 
conformations. We have become accustomed, due to three- 
dimensional reconstructions of acto-S-1"'*"* as well as electron 
paramagnetic resonance studies’, to a picture of rigor bridges 
in which all myosin heads show a uniform: structure. In the 


myofilament lattice, however, rigor bridges tethered to the thick 


filament are not free to achieve a uniform orientation. 

Our reconstruction suggests strongly the presence of more 
degrees of freedom than is often supposed in the formation of 
the rigot cross-bridge lattice. Some constraints must operate, 
otherwise.no ordered lattice would be produced. However, the 
mismatch between axial periods of thick and thin filaments itself 
does not appear to prevent myosins at any axial level from 
forming cross-bridges, an interpretation also supported by the 
uniform: 12 S-am repeat in images of freeze-fractured, deep- 

«etched muscle™*. Thus, in rigor insect flight muscle, all myosins 
appear able to reach at least one actin target to form an ordered 
lattice of lead and rear chevrons as well as flared X structures. 
This would be remarkable enough with all the thick filaments 
in rotational register; it is even more remarkable if it occurs in 
the presence of a random rotational disorder of the thick fila- 
ments” 

We have proposed two related models for the rigor cross- 
bridge lattice, one based on myosin molecules binding exclus- 
ively to a single thin filament and a variation which includes 
some myosins binding to two thin filaments. Both models draw 
support from measurements of the fraction of bound myosin 
heads”? "5, as well as the fraction of actin molecules bound to 
myosin”. A consequence of exclusive single-filament binding 
of myosin heads is the lack of cross-bridge binding to some 
actin subtargets. Myosin head occupancy of all actin targets can 
be achieved with only four of the available myosins (12%) 
taking part in two-filament interactions. Recent work*® has sug- 
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‘the demonstration of two different rigor cross-bridge structures, gested that some two-filament interactions can occur in rigo 





myofibrils, but leaves open the question of their relative 
frequency. Freundlich and Squire** have proposed that mixed 
two-filament and single-filament interactions occur in insect: 
flight muscle in rigor. Our model differs from theirs: in the 
important aspect of assigning specific degrees of head occupancy 
to the separate lead and rear bridges, as well as setting an upper 
limit on the frequency of two-filament interactions, should they. 
occur. 

The different shapes of the lead and rear bridges may reflect 
not only their geometrical situation but a temporal attachment. 
sequence as well. Rigor, stiffness and tension take 20-905 t 
develop in single fibres’, Thus attachment may occur earlier 
for some bridges and later for others. We can speculate that th 
early and late phasés may be systematically distributed betwe 
lead and rear bridges. For example, the more angled lead bridge 
may represent the first group of myosin heads to attach. The 
tear bridges attach later and are ultimately less tilted, eithe 
because they are unable to execute a full power stroke agains 
the resistance of the lead bridges, or because they rotate full 
and drive the lead bridges to a steeper angle. 

Major features of the reconstruction may also relate to step 
in the active cross-bridge cycle. Recent experiments with phal 
loidin-labelled actin have been. interpreted in terms of ‘change 
in the structure of the actin molecule during contraction®®. X-r 
diffraction patterns of active muscle. have indicated that th 
cross-bridges do not adopt the symmetry of the actin filamen! 
during contraction. Huxley suggested that this was due i 
azimuthal disorder of attached cross-bridges around the thi 
filament and/or azimuthal disorder of the actin helix itself”. 
Both the twist variation in thin filaments and the two forms of, 
cross-bridges seen here in an ordered lattice could contribute 
to the azimuthal disorder postulated by Huxley if they were 
irregularly distributed in actively contracting muscle. Thus rigo 
cross-bridges distributed in a lattice may illustrate important 
features of the power stroke that drives muscle contraction. ~ 

We thank the MRC Laboratory of Molecular Biology for use. 
of their scanning microdensitometer, Mrs Pat Thompson and 
Mrs Belinda Irsula for typing this manuscript, Mr Alan Farme 
for technical assistance, and especially Dr Hugh Huxley for his. 
comments on the manuscript. This research was supported by: 
grants NIH GM 30598, AM 14317 and grants from the Muscular 
Dystrophy Association. 





20, Reedy, M. K., Leonard, K., Freeman, R. & Arad, T. J. Muscle Res, Cell Motility 2, 45-64" 
(1981). 

21. Offer, G., Couch, J., O'Brien, E. & Elliot; A. J. molec, Biol. 151, 663-702 (1981), : 

22. Goody, R. S., Reedy, M. C. Hofmann, W., Holmes, K. C. & Reedy, M. K. Biophys, J. Gn. 
the press). : 

23. Lovell, 8. L, Knight, P. J. & Harrington, W. F. Nature 293, 664-666 (1981). ë 

24. Thomas, D. D., Cooke, R. & Barnett, V: A. J, Muscle Res, Cell Motility 4, 367-378 (1983). < 

25. Bullard, B., J. Muscle Res, Cell Motility 1, 194-195 (1980); 5, 196 (1984). 

26. Lehrer, S$. S.J, Cell Biol. 99, 459-466 (1981). 

27. Maupin-Szamier, P. & Pollard, T. D. J. Cell Biol. 77, 837-852 (1978). 

28. Egelman, E.H., Francis, N. & DeRosier, D, J. Nature 298, 131~135.(1982). 

29. Katayama, E. & Wakabayashi, T. J, Biochem. 90, 703-714 (1981). 

30. Wray, J, Vibert, P. & Cohen, C. J. molec. Biol, 124, 501-521 (1978). 

31. Huxley, H. E: Science 164, 1356-1366 (1969). 

32. Hanson, J. Nature 213, 353-356 (1967). 

33, Thomas, D. D. & Cooke, R. Biophys, J. 32, 891-906 (1980). 

34, Heuser, J. E. J. molec. Biol, 169, 123-154 (1983). 

35, Freundlich, A. & Squire, J. M. J. molec, Biol, 169, 439-453 (1983). 

36. Borejdo, J. & Optatka, A. Nature 291, 322-323 (1981). 

37. White D. C. 8. J. Physiol, Lond. 208, 583-605 (1970). 

38. Prochniewicz-Nakayama, E., Yanagida, T. & Oosawa, F. J. Cell Biel, 97, 1663-1667 (1983), 

39. Huxley, H. E., Faruqi, A. R, Kress, M., Bordas, J. & Koch, M. H. J, J. molec. Biol, 158) 
637-684 (1982). 

40. Bennett, P, M, J. Cell Sci 18, 693~701 (1974). 

4}, Wray, J. S. Nature 277, 37-30 (1979), 














by recombination with linear episomes 
Christopher L. Schard! & David M. Lonsdale 


Cytogenetics Department, Plant Breeding Institute, Cambridge CB2 2LQ, UK 


Daryl R. Pring & Kathryn R. Rose 


USDA-ARS Department of Plant Pathology, University of Florida, Gainesville, Florida 32611, USA 








Cytoplasmic male sterility in maize is determined by the mitochondrial genotype. One strain of cytoplasmically male sterile 
‘maize contains, in addition to the usual circular mitochondrial chromosomes, two short linear episomes, S-1 and S-2. We 
‘report here that S-1 and S-2 can recombine with homologous sequences present on the circular chromosomes to convert a 
high proportion of the mitochondrial DNA into linear molecules with S-1 and S-2 covalently linked to one end. 





THE mitochondrial genomes of normal fertile Zea mays 
(maize)'* and Brassica campestris (turnip)’, like those of 
animals and most fungal species*, consist principally of circular 
DNA molecules. In both of these plant species, the mitochon- 
drial genomes undergo rearrangement due to recombination 
between repeated sequences, resulting in a variety of circular 
mitochondrial chromosomes’. Maize and Brassica also possess 
small mitochondrial plasmids or episomes, some of which are 
circular DNA species whereas others, like the maize S-1 and 
S-2 episomes*® and the 1 1.3-kilobase (kb) plasmid of Brassica’, 
are linear. However, linear mitochondrial chromosomes, such 
as those present in some ciliates and the yeast Hansenula mrakii*, 
have not been reported in higher plants. 

The four maize cytoplasmic types identified to date differ in 
the sequence organization of their mitochondrial genomes. 
Three of these cytoplasms, designated S (USDA), T (Texas) 
and C (Charrua), cause pollen abortion resulting in male steril- 
ity. The male-sterile cytoplasms are distinguished by their pat- 
terns of fertility restoration by nuclear restorer genes*’. The N 
(normal) cytoplasm allows normal pollen development, even in 
the absence of known restorer genes®. The maize cytoplasms 
can also be unambiguously distinguished on the basis of their 
mitochondrial polypeptides’ and the restriction profiles of their 
mitochondrial DNA (mtDNA)''. In contrast, restriction 
endonuclease analysis of their chloroplast DNA does not reveal 
any major differences between the four cytoplasms''. Mutants 
of the S-type and T-type cytoplasms that confer fertility on 
unrestored nuclear backgrounds are associated with specific 
alterations in the mtDNA'*"’, These observations indicate that 
the mitochondrial genome, rather than the chloroplast genome, 
is the cytoplasmic determinant of male fertility in maize. 

The presence of two linear episomes, S-1 (6.4 kb) and $-2 
(5.4 kb), characterizes the S-type mitochondrial genomes’. These 
episomes have similar or identical terminal inverted repeats of 
208 base pairs (bp)'®'*. The terminal 9-bp sequence of the 
terminal inverted repeats shows a high degree of homology to 
the terminal sequences of the Bacillus phages #15, 629, Nf, 
- M2Y and GA-1 (ref. 18). Like these Bacillus phages and 
adenoviruses, the S’ termini of S-1 and S-2 are covalently linked 
toa protein’ , Suggesting that this terminal complex may func- 
tion in the initiation of DNA replication. 

“DNA sequence homology to S-I and S-2 has been demon- 
strated in the high-molecular weight mtDNA (mitochondrial 
_-chromosomes) from the N-type and S-type cytoplasms 121420, 
but seems to be virtually absent from the C-type and T-type 
eytoplasms”'. In S-type cytoplasms that have reverted to fertile 
forms, the free S-1 and S-2 episomes are no longer detectable?" 
Restriction enzyme analysis of the mtDNA from these revertant 
_eytoplasms aBo reveals discrete alterations associated with 
“sequences in the mitochondrial chromosomal DNA that are 
- homologous to S-2 (refs 12, 14). It has been suggested that these 
-changes result from either the integration of 8-2 or the rearrange- 


ment and amplification of the S-2-homologous sequences 
already present in the mitochondrial chromosomes'”"™*. In either 
situation the implication is that the rearrangements of S-episome 
sequences are involved in fertility reversion of the S-type cyto- 
plasms. 

To define the specific structural changes involved in reversion 
of S-type cytoplasms to fertile forms, it is necessary to know 
the extent and location of the sequences homologous to S-I and 
S-2 which are present in the mitochondrial chromosomes of the 
parental male-sterile cytoplasms. We show here the surprising 
result that, in the presence of the S-episomes, much of the 
mtDNA is in the form of linear mitochondrial chromosomes 
with copies of S-I and S-2 residing at the ends of the linear 
molecules. 


Comparison of S and VG mtDNA 


The two male-sterile S-type cytoplasms investigated, designated 
S and VG (ref. 15), differ in the nuclear genotypes with which 
they are associated. The nuclear background of S is Wf9, 
whereas VG is an S-type cytoplasm in an M825 nuclear back- 
ground. Neither nuclear genotype possesses S restorer genes 
and therefore both exhibit the male-sterile phenotype. However, 
the M825 nuclear genotype of VG confers a high reversion 
frequency on the VG cytoplasm (up to 11% fertile plants and 
plants with fertile sectors), in contrast to Wf9(S) in which 
reversion is rare'’. In addition, the relative proportions of S-1 
and S-2 are under nuclear gene control’. 

To investigate the regions of the mitochondrial chromosomes 
containing homology to the S-episomes, mtDNA from S and 
VG was freed of S-I and S-2 by isopycnic and rate zonal 
centrifugation and subjected to restriction analysis. As the epi- 
somes were almost undetectable in these preparations (Fig. 1," 
tracks 4, 5), the S-episome sequence homologies in the restriction 
profiles of high-molecular weight mtDNA from S and VG (Fig. 
I, tracks 6, 7) represented sequences in the mitochondrial 
chromosomes. These BamHI restriction profiles, when probed 
with S-episomes, showed similar hybridization patterns, indicat- 
ing that the mtDNAs in the S and VG cytoplasms are similarly 
organized with respect to the S-episome-homologous sequences 
(Fig. 1, tracks 6, 7). 


S-1 and S-2 homologous sequences 


S-1 and 8-2 sequences in the mitochondrial chromosomes were 
analysed by cosmid mapping. Approximately 1,250 cosmids 
were prepared by the method described previously” 22. These 
cosmids contained cloned mtDNA from S- -type cytoplasms (500 
cosmids from VG and 750 from S). Several cosmids contained 
complete or nearly. complete copies of the S-episome sequences ., 
(Figs 2, 3). Of these, two (CSB 488 and CSB 481) contained 
complete S-1 sequences and one (CSB 316) contained a complete ` 
S-2 sequence. Restriction endonuclease analysis of these cos- 








Fig. 1 S-episome homology in maize high-molecular weight 
mtDNA from the S-type cytoplasms. Uncleaved mtDNA prepar- 
ations were purified S-1 and S-2 (lane 1), total S mtDNA (lane 2), 
total VG mtDNA (lane 3) and preparations of high-molecular 
weight mtDNA from S (lane 4) and VG (lane 5). High-molecular 
weight mtDNA preparations cleaved with BamHI restriction 
endonuclease were from S (lane 6) and VG (lane 7). 

Methods: Mitochondrial DNA was prepared from etiolated maize 
shoots as described previously*”**. High-molecular weight and 
S-episome fractions were prepared by isopycnic and rate-zonal 
ultracentrifugation in CsCl density gradients. Restriction endo- 
nuclease digests were as recommended by BRL. DNA samples 
were size-fractionated by electrophoresis in a 1% agarose gel, 
blotted onto a nitrocellulose filter” and probed by hybridization 

to nick-translated** S-episomes. 


mids demonstrated that the cloned S-episome sequences 
included part or all of the terminal inverted repeats. Sites of 
Pst] endonuclease cleavage are located within the terminal 
inverted repeats, 134 bp from each end of S-1 and S-2 (ref. 18), 
so that cleavage of the S-episomes with PstI generates internal 
fragments of 6.1 kb from S-1, and 2.1 kb, 1.4 kb and 1.5 kb from 
S-2. These four fragments were visualized by PstI restriction 
analysis of the cosmid clones, and by similar analysis of S and 
VG mitochondrial chromosomes (Fig. 2). Therefore, not less 
than 95% of the S-I and S-2 sequences were present in the 
integrated copies in the mitochondrial chromosomes of both 
S-type cytoplasms. 


S-episome sequences flanking S-1 and S-2 copies 


Only two chromosomal regions, designated o and y, flanked 
the S-1 and S-2 sequences in the cosmid clones (Fig. 3). The 
orientation of a and W always corresponded to the orientation 
+ of the adjacent terminal inverted repeat sequences. For example, 
restriction mapping of cosmid CSB 316 revealed that it contained 
an S-2 sequence flanked on both sides by ø. Like the terminal 
inverted repeats, the flanking o sequences were in inverted 
orientation. Therefore, the S-1 and S-2 sequences could be in 
either orientation relative to ø and y, but the orientation of o 
and w relative to the attached S-episomes was invariant. 

The sequences g and w were also present in cosmids such as 
VG 3DS, VG 5F10, CSA 51, CSA 61 and CSA 83 that contained 
minor sequence homology to the episomes (Fig. 3c). The sequen- 
ces adjoining ø and w in these cosmids were designated g’ and 
w'. The minor S-episome homology consisted of the terminal 
inverted repeat sequence at the o—o' and W-wy’ junctions. Thus, 
g and w were found adjoining a variety of sequences: o’, wi’, 
the left-hand ends of S-1 and S-2, and the right-hand ends of 
S-1 and S-2. Furthermore, the terminal inverted repeat sequence 
was present at each of these junctions. 

In restriction digests of high-molecular weight mtDNA from 
S and VG, fragments containing the S-1 and S-2 junctions with 
g and Ņ were always present in lower stoichiometric amounts 
than the other fragments of mtDNA. Similarly, the o-o' and 


Fig. 2 The extent of S-1- and S-2-episome homology in S and 
VG mtDNA, and in cosmid clones of S mtDNA, demonstrated by 
PstI restriction endonuclease analysis. Lanes contain S-1 and S-2 
episomes (lanes 1, 6), high-molecular weight mtDNA preparations 
from S (lane 2) and VG (lane 3) and the cosmid clones CSB 316 
(lane 4) and CSB 488 (lane 5), Fragment sizes are in kilobases. 

Methods: Cosmid clones were prepared from S mtDNA partially 
cleaved with Sau3A restriction endonuclease. Fragments were 
size-fractionated by rate-zonal centrifugation on CsCl density 
gradients (p = 1.19-1.49). Fragments of 32-50 kb were cloned into 
the BamHI site of the cosmid vector pHC79 (ref. 29), as described 
previously”. The clones were introduced into Escherichia coli ED 
8767 by transfection, and the Amp‘Tc* transfectants were selected, 
grown and screened for S-episome homology”. The sizes of the 
S-episome-homologous PstI fragments were determined from 
ethidium bromide-stained agarose gels, using HindIll-cleaved A 
phage DNA and Taql-cleaved pBR322 as molecular size markers. 


w-w' junction fragments were also present in relatively low 


amounts (data not shown). These data suggested that recombi- 
nations between terminal inverted repeat sequences generated 
the variety of junctions with S-episome homology which were 
observed in the mtDNA of S-type cytoplasms. Recombination 
between the circular mitochondrial chromosome and free S-1 
and S-2 would result in a linearization of the mitochondrial 
chromosome (Fig. 4). Evidence for such linearized chromosomes 
is demonstrated below. 


Linear mitochondrial chromosomes 


S-1 and S-2 located at the ends of linear chromosomes (Fig. 4) 
were distinguished from the internally located sequences by 
restriction analysis. In restriction digests of S and VG mitochon- 
drial chromosomes, fragments were detected that were electro- 
phoretically identical to the homologous terminal fragments 
from the linear S-episomes (Fig. 5). For example, an S-1- 
homologous fragment of 5.5 kb was generated by SalI cleavage 
of the S mitochondrial chromosomal DNA (Fig. 5a). This corre- 
sponded to the Sall fragment from the right-hand end of the 
linear S-1 episome (right-hand and left-hand conventions used 
as in ref. 18 and Fig. 3). Similarly, the 5.4-kb Xhol fragment 
corresponded to the left-hand end fragment of S-1. The S-2- 
homologous BamHI fragment of 3.9kb and Xhol fragment of 
3.2 kb (Fig. 5b) corresponded to fragments from the left-hand 
and right-hand ends of linear S-2 respectively. These data sug- 
gested the presence of linear mitochondrial chromosomes with 
S-1 and S-2 covalently attached to their ends. Furthermore, S-1 
and S-2 could be attached in either orientation, resulting in 
linear species terminating at the right-hand end of S-1l, the 
right-hand end of S-2, the left-hand end of S-1 or the left-hand 
end of S-2. 

In the S cytoplasm, the presence of the linear mitochondrial 
chromosomes was confirmed using the exonuclease Bal31, 
which degrades only linear forms of double-stranded DNA. To 
observe the effect of Bal31 treatment on the regions with S-1 
and S-2 homology, Bal31-treated mtDNA was analysed by 
cleavage with BamHI or SalI restriction endonuclease (Fig. 6a, 


% 





Pe Vey ee eS EA Pe oer ee 


we! oS 1 no 
Tisina. vre 


A oS f 


Be: 

































a to Skb. 
7" Hu Bess] 15 Spd 98 BiB Bam 
ST ow eo | 33. eae eat 
AE Bo 63 40] e] 24 7 ol 
| 
-~—-—- g =-=.. 
---- 15 Babas I Bami 
CSB 481 
b g Ag ob 
-- Goo] 98 Jed49 G71 70 49kel 98 gamni 
CSB 316 ree 
y see 
Lss pase 73 L Sami 
CSA 60 
¢ alo’ EY 
--- -EL kJa 4614850444) Bamhi 
S21 s eA Šali. 





Fig. 3 Restriction endonuclease maps of regions in S and VG 
mitochondrial chromosomes that contain homology to S-1 (a), S-2 
(b) and the terminal inverted repeat sequence of S-1 and S-2 (c). 
The S-1 and S-2 homologous regions are indicated, and include 
the terminal inverted repeats (I) and the additional 1.2-kb S-1 and 
S-2 common sequence (l). Cosmids designated CS and VG contain 
clones of S and VG mtDNA, respectively. 

Methods. Clone pCLS155, used as an S-| probe, was prepared by 
ligation of the 1.55-kb HindIII fragment from S-1 (ref. 17) into 
the HindIII site of pUC9 (ref. 30). Probes pKRS21 and pKRSI5 
were the 2.1- and 1.5-kb Psrl fragments of S-2, respectively, cloned 
into pBR322. Cosmid DNA was prepared as described previously” 
and mapped by restriction endonuclease cleavage and Southern 
blot hydridization (see Fig. | legend) to other cosmid DNA sequen- 
ces. Fragments with S-1 and S-2 homology were detected using an 
S-episome preparation (Fig. 1) as a probe. The S-1 unique sequen- 
ces were identified by hybridization to pCLS155. The S-2 unique 
sequences and the 1.2-kb common sequence of S-1 and S-2 were 
identified by hybridization to pKRS21 and pKRSIS, respectively. 
As pKRS21 and pKRS15 also contain 74 bp of the terminal inverted 
repeat sequence, hybridization to both probes indicated sites of 
homology to this sequence at the o-o' and w—yw’' junctions (c). 

Fragment sizes were determined as in Fig. 2. 


i c). BamHI was chosen because it does not cleave S-1, and Sall 


because it does not cleave S-2 (refs 17, 18). In this way, S-1 and 
S-2 sequences attached to mitochondrial chromosomes were 
distinguished from the free episomes. In S mtDNA the pre- 
dominant regions with S-episome homology were susceptible 
to Bal31 degradation, demonstrating that they were indeed 
located at the ends of linear molecules. 

Like the integrated S-episome sequences (Fig. 3), linear-end 
forms of S-I and S-2 were flanked by either ø or w (Fig. 6). 
The major S-1-homologous BamHI fragments were 6.4, 9.7 and 
11.7 kb. These corresponded within experimental error to the 
predicted molecular sizes of free S-1 and the g-S-1 and w-S-1 
linear termini, respectively. Similarly, the major S-2-homologous 
Sall fragments corresponded to free S-2 (5.5 kb), a—S-2 (8.5 kb) 
and W-S-2 (12.4 kb and >20 kb; the two different terminal Sall 
fragments from wW-S-2 arise by a recombination in w approxi- 
mately 5 kb from the left-hand end of the S-episome junction. 
Recombination also occurs at this position in the N mitochon- 
drial genomes, although S-episome-homologous sequences are 
not adjacent to # in N). Note that the fragments containing 
internal S-1 and S-2 sequences, namely o-S-o, o-S-w, w-S-o 
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Fig.4 Model for the linearization of S-type mitochondrial 
chromosomes and the generation of terminal and internal copies 
of S-1 and S-2, by recombination between the terminal inverted 
repeats of S-I and S-2 (1) and homologous sequences in the 
mitochondrial chromosomes. Examples of these recombinations 
are shown. Random and reversible recombinations would result 
in all of the forms of S-1 and S-2 sequences observed in S and VG 
mtDNA. These include the eight possible terminal structures 
a-S-1, S-l-o, w-S-1, S-l-w, o-S-2, S-2-0, /-S-2 and S-2-y, and 


the eight possible internal structures o-S-!-o, a-S-1-w, #-S-|-o, 
W-S-1-w, o-S-2-0, o-S-2-, w-S-2-0 and w-S-2-. 


and w-S-w, were detectable only after long autoradiographic 
exposure. Although the existence of three internal integrates 
was demonstrated in the cosmids CSB 481, CSB 488 and CSB 
316 (Fig. 3), their stoichiometric amounts in the mtDNA were 
very low relative to the S-1 and S-2 sequences located at the 
ends of linear chromosomes. 

Linearization of the mitochondrial chromosomes can be pos- 
tulated (Fig. 4) to arise by recombination of the linear S- 
episomes with sequences homologous to their terminal inverted 
repeats, located at the o-o' and w-w’ junctions. Alternatively, 
mitochondrial chromosomes may be linearized by specific 
cleavage at one end or the other of internally integrated S- 
episomes. The former model predicts that a’ and 4’ termini are 
also generated, whereas the latter predicts that the additional 
products of cleavage are o and w free ends. To distinguish 
between these possibilities, a fragment containing the o-o' 
junction was used to probe the restriction profiles of Bal31- 
treated mtDNA (Fig. 6b, d). In accordance with the recombina- 
tion model, a 1.7-kb BamHI fragment and a 0.7-kb Sall fragment 
were identified. These were the sizes predicted for the fragments 
derived from the o’ terminus. As expected, these fragments were 
susceptible to prior Bal31 exonuclease digestion. In contrast, 
the 3.2-kb Sall fragment and the 4.6-kb BamHI fragment, both 
of which contained o—o' (Fig. 3), were internal fragments not 
susceptible to Bal31 exonuclease. Similar results were obtained 
using a W—w' probe (data not shown). Furthermore, no prospec- 
tive o and w free ends were present without attached S-episomes. 
These results support the proposed recombination model (Fig. 
4), as only those termini predicted by this model—o’", w’, o-S-1, 
o-S-2, w-S-1 and w-S-2—were observed. 

The proportion of linear chromosome forms could be esti- 
mated by comparing the relative intensities, on autoradiographs, 
of bands homologous to the o-o" junction (Fig. 6b, d). The 
linear-end fragments (that is, those susceptible to Bal31) 
accounted for over 60% of the total homology in S, with the 
remainder being internally located sequences. Because there are 
two sites where linearization can occur (o—o' and W-wy’), these 
results indicate that a high proportion of the mitochondrial 
chromosomal DNA in S is linear. $ 
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Fig. 5 S-I (a) and S-2 (b) 
homologous fragments generated by 


restriction endonuclease cleavage of a b 
S high-molecular weight mtDNA Bam HI Xho | Sal BamHI xhol Sat | 
(mc) and S-1 and S-2 episomes (ep). me ep mc è ep me ep mc ep me ep me ep 


a, MtDNA preparations were , THOR PMO ETO maay 


cleaved with BamHI, Xhol or Sall 
as indicated, size-fractionated by 
electrophoresis in 1% agarose, blot- 
ted” and hybridized to nick-trans- 
lated?" S-1-specific probe, pCLS155. 
The molecular sizes (kb) of the S-1- 
homologous fragments are indicated. 
Submolar BamHI fragments that 
contained the internal S-1 regions o- 
S-l-o (13 kb), o-S-1-w (15 kb), y- 
S-l-o (15 kb) and w-S-1l-w (17 kb) 
were visualized only by long 
exposure. b, The initial probe was 
allowed to decay and the filter was 
reprobed with the S-2 probe 
pKRS21. Positions of fragments with 
homology to S-2 are indicated, 
including the submolar Sall frag- 
ments with o—S-2-¢ (11 kb), a-S-2- 
W (15 kb), W-S-2-0 (15 kb) and w-S- 
2-w (19 kb). 


Fig. 6 Demonstration of linear mitochondrial chromosome species with terminal sequences homologous to the S-episomes. a, Untreated VG 
and S mtDNA is indicated, and S mtDNA treated with Bal31 exonuclease (0.5 U per pg DNA) for the times (min) indicated. mtDNA was 
subsequently analysed by BamHI cleavage and hybridized to the S-1-specific probe pCLS155. Molecular sizes of the Bal3|-susceptible 
fragments are indicated. These correspond to the ends of linear DNA species. Hybridizing fragments smaller than 6.4 kb were specific breakdown 
products of S-1 episome (unpublished data) and a sequence showing minor homology to S-! (1.75-kb fragment). b, The filter in a was reprobed 
with the 4.6-kb BamHI fragment containing the g-o’ junction (see Fig. 3). The position of this fragment is indicated, as are the fragments 
derived from ø’ (1.7 kb) and o~S-1 (9.7 kb) linear ends. Other internal fragments indicate additional regions of homology to a’. c, Untreated 
and Bal31-treated mtDNA as in a, cleaved with SalI and hybridized to pKRS21, a probe for S-2 sequences. d, The filter in c was reprobed 
with the 4.6-kb BamHI fragment containing o-o'. The g’ end fragment (0.7 kb) was also visualized in c, due to the 74 bp of terminal inverted 
repeat seo"ence in the probe pKRS21. e, An experimental control using, as indicated, untreated N mtDNA, an untreated mixture of N mtDNA, 
S-1 and S-z and the same mixture, treated with Bal31 for 12 min. mtDNA was subsequently cleaved with BamHI and probed with a mixture 
of S-1 and S-2. As expected, the S-episome end fragments (6.4, 3.9 and 0.6 kb) were Bal31 susceptible, but homologous sequences in N 
mtDNA were not. 

Methods: Bal31 treatment was as recommended by BRL. Aliquots containing 0.25 pg DNA each were phenol-extracted, ethanol-precipitated 
and subjected to restriction endonuclease cleavage and electrophoresis in a 0.7% agarose gel, then transferred to nitrocellulos® and probed 
with nick-translated DNA. The first probe DNA was removed from the nitrocellulose by the method of Thomas*’ before reprobing. Molecular 
sizes (kb) were determined as in Fig. 2. The 4.6-kb BamHI fragment used as a probe in b and d was isolated from CSA 83 (Fig. 3) cosmid 

y DNA by the method of Yang et al.**. 
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The results presented here lead to a model (Fig. 4) that explains 
the origins of the various forms of S-1 and S-2 identified in 
$-mitochondrial chromosomal DNA. It may be postulated that 
the S-mitochondrial chromosome is circular, as the N mitochon- 
drial master chromosome of 570 kb has recently been shown to 
be circular (refs 1, 2 and D.M.L., C.M.-R. Fauron and T. P. 
‘Hodge, in preparation). In the S-mitochondrial genome, sequen- 
‘ces homologous to the terminal inverted repeats of the S-1 and 
S-2 episomes were identified at the o-o’ and w-y' junctions. 
‘Recombination between these junctions and the linear episomes 
“would result in linearization and fragmentation of the circular 
genome. Subsequent recombination events involving the S-] or 
S-2 episomes and the linearized chromosomes would cause 
nversion of the terminal S-episome or replacement of S-1 by 
S-2 or of §-2 by S-1. Furthermore, recombination between 
linearized mitochondrial chromosomes containing terminal 
S-episome-homologous sequences would lead to internal 
“$-episome integrates such as those observed in the cosmid 
clones CSB 481 (a-S-1-y), CSB 488 (¢~S-l-o) and CSB 316 
(o—-S-2—0), 

Further, recombination between any two terminal inverted 
‘repeat sequences may occur randomly and reversibly. The S-type 
cytoplasms contain S-1 and S-2 in higher stoichiometric amounts 
than the mitochondrial chromosomal DNA”', so any recombina- 
tion event between an S-episome and a chromosome is more 
likely than a recombination between two chromosomal DNA 
species. As internal S-episome integrates can only arise by 


“these species is to be expected. Thus, the S-type mitochondrial 
genome undergoes a dynamic flux between circular and linear 
chromosome forms. 
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Ultrahigh-energy y rays (> 10" eV) have recently been observed 
from the binary X-ray sources Cygnus X-3 and Vela X-1. The 
‘source of these y rays remains unknown but it seems likely that 
protons or nuclei are accelerated, the y rays resulting from nuclear 
interactions with matter or radiation. Objects of this type could 
then contribute significantly to the observed cosmic radiation. The 
maximum proton energy that can be achieved (this may determine 
the maximum y-ray energy) occurs when the acceleration time 
scale becomes greater than the energy loss time scale, that is, the 





recombination events of the latter type, the relative rarity of 


As noted above, the protein-DNA complexes at the ends of 
the linear episomes may be involved in episome replication. It 
is likely that these terminal complexes are also associated with 
the linearized chromosomes. Therefore, the S-type mitochon- 
drial genome may undergo two alternative replication modes 
corresponding to the circular and linear chromosome forms. 
Also, the control of the copy number of linear replicons may 
differ from that of the circular molecules. 

Linearization of the mitochondrial genome occurs in the 
S-type cytoplasms both in the presence and absence of nuclear 
fertility restorer genes (data not shown), and may also occur in 
the fertile Latin American accessions that possess the linear 
mtDNA species R-1/D-1 and R-2/D-2 (refs 23, 24). Therefore, 
chromosome linearization alone is not sufficient to cause male 
sterility. However, cytoplasmic mutation of S and VG to fertile 
forms results in the loss of S-I and S-2 as well as the loss of 
the linear mitochondrial chromosomes”’, suggesting a recircu- 
larization of the genome. Evidence currently available suggests 
that this major alteration of the genome structure in the fertile 
revertants is due to specific mutation of the internally located 
§-2 sequences” 

The results reported here indicate that the maize mitochondrial 
genome can exist in many different forms when repeated sequen- 
ces are available to facilitate homologous recombination, and 
that in certain maize cytoplasms this process results in an array 
of linear mtDNA species. 
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LETTERS TO NATURE ~ 


attenuation time. Here we have calculated the attenuation times 
of protons and heavier nuclei in the radiation fields of the stellar 
companions to the Cyg X-3 and Vela X-1 compact objects. The 
maximum observed y-ray energy enables us to put an upper limit 
on the acceleration time scale of protons at 3 x 10"° eV of 10*-3 x 
10° s for Cyg X-3 and 10°s for Vela X-1. This result can be used 
to put some constraints on the nature of the particle accelerator. 
If binary X-ray sources are contributing significantly to the cosmic 
rays, the cosmic-ray abundances will be affected by photonuclear 
interactions. 

y rays of energies above 10'° eV have been observed from 
Cyg X-3'? and Vela X-1° and it is likely that they are due to 
interactions of particles accelerated by the compact objects, 
possibly pulsars. This has recently been considered for Cyg X-3 
by Eichler and Vestrand* who concluded the particles must be 
protons or nuclei. These particles must have energies in excess 
of ~10'° eV to produce the observed y rays and may contribute 
significantly to the galactic cosmic ray flux’. A flat ~E~*, y-ray 
photon spectrum consistent with that observed could imply an 
~ E7? particle spectrum consistent with the cosmic-ray ‘source 
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Fig. 1. ‘The attenuation time of protons against hadron production 
(a) and pair production (e*e”) in a black-body radiation field for 
the temperatures indicated. 


spectrum’, To accelerate particles to some energy E, the acceler- 
ation time scale must be less than the attenuation time, t, 


dE 
n= E / (SE) 0) 


where (dE/dt) is the total rate of energy loss due to various 
processes. 

The starlight photon density will be high in binary X-ray 
sources due to the presence of a nearby stellar object. The 
important attenuation processes are then likely to be ee” pair 
production, hadton. production and nuclear photodisintegra- 


tion. For a particle. at rest, the threshold photon energies for- 


these processes are ~I MeV, ~0.1 GeV and a few MeV, respec- 
tively. The attenuation of a particle of energy ~10'° eV per 
nucleon (y~10’) results mainly from photons of energy 
~O:1eV, ~10 eV and ~1 eV forthe three processes, that is, the 
important range of photon energies is in the range emitted as 
starlight. 


Fig. 2 a, The attenuation time 
against photon interactions of pro- 
tons and helium, oxygen and iron 
nuclei in the region of the Vela X-1 
compact object. The attenuation bo N 
itimes of protons and iron nuclei 108} 
against interactions with nuclei. are 
indicated by arrows, assuming a mat- 
ter density of 3 x 10° nuclei cm”. b, 
The attenuation time of protons in 
the region of the Cyg X-3 compact 
object. The hatched area shows the 
range of possible values between two 
extreme cases: Case A, separation 
1.5x10'' cm, stellar mass 2.9 Mo, 
luminosity 2x10” erg s”', tem- 
perature 8x10'K; case B, separ- 10° 
ation 2.2x10'' cm, stellar mass 
1.0. Mz, luminosity 9x10% erg s™', 
‘temperature 5x 10*K. (Separations 
obtained using 4.8-h orbital period; 
luminosity and. temperature are for 
= “a helium star of the given stellar mass 
and are obtained from ref..22.) 
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We will now discuss the attenuation of protons and nu 












by the three processes described above and then consider their 
application to the attenuation of high-energy particles in Cyg 
X-3 and Vela X-1. For protons with Lorentz factor y, the attenu- 
ation time against hadron production is given by : 


P ke i] aye : 
nyy = ef den(e) FF f k,(e’)o,p,(e') de’ (2) 
where n(«) is the photon density per unit photon energy, k,(e’) 
is the proton inelasticity (average energy lost in the interaction, 
divided by initial energy) on collision of a high-energy proton 
witha photon of energy e’ in the proton rest frame, and Fy p(8') 
is the total hadron production cross-section, For o,, we used 
data given in ref. 7 and adopted the form used by Stecker! for 
k,(e’). The attenuation time of protons against hadron produ 
tion in a black-body radiation field is plotted against proto 
energy in Fig. 1 for a range of temperatures. aes 

The attenuation time of protons against ete” pair productio 
in the 2.7 K microwave background radiation. has been calc 
lated by Blumenthal’ and this may simply be scaled for attenu. 
ation by black-body radiation at a temperature T,, ce 


2.7K\3 T, 
Ly; iyd T ) (27 K) 


This is plotted against proton energy in Fig. | for a range of 
temperatures, For starlight, the radiation is.a diluted black-body 
radiation and the attenuation time given in equation (3) must 
bé divided by the dilution factor. For. nuclei, the attenuation 
time at a given Lorentz factor is a factor (Z?/ A) lower than for 
protons. : 
The mean time for a nucleus of mass A to lose i nucleons by 
photodisintegration, is-given by ; 
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where d,a ;(é') is the cross-section for photodisintegration of a 
nucleus of mass A in which i nucleons are lost; this has been 
parameterized by Puget er ai.'°. The attenuation time for photo- 


disintegration of a nucleus of mass A is then given by © 








tv =D a tal" : (5) 








We will now consider the application of the attenuation time: 
discussed above for particles in the radiation field of the stella 
objects in Cyg X-3 and Vela X-1. The stellar object" in the Vela” 
X-| system is a BO star with apparent magnitude V~6.9 ata 
distance of .~1.4kpc. Assuming a temperature of T= 
2.8104 K, we obtain a luminosity L=8 x10 ergs”', after 


Vela X-1 
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imes of protons and helium, oxygen and iron nuclei in the 
‘radiation field in the region of the compact object at distance!* 
_of ~3.9 x 10"? cm from the centre of the star, are plotted against 
energy per nucleus in Fig. 2a. In this object, the attenuation 
time of protons at 3x10'* eV is ~10°s—interestingly close to 
the orbital period of the system (~8 x 10° s). This sets an upper 
limit to the acceleration time at 3 x 10'° eV. Interestingly, if the 
eceleration time above ~10'° eV were ~10*s, protons could be 
accelerated in Vela X-1 above 10'° eV but heavier nuclei could 
ot. This contrasts with shock acceleration of cosmic rays, where 
rigidity cutoff would result in a deficiency of protons above 
the cut-off rigidity while Fe nuclei would continue to be acceler- 
ated to energies ~26 times higher. 

Tf the matter density is high, protons, and nuclei will be 
ignificantly attenuated by nuclear interactions with the matter. 
For nuclei of mass A, the attenuation time against fragmentation 
by nuclei is given by 













tz = nel oa, (6) 


. where n is the number density of nuclei and a4; is the cross- 
section for spallation into a nucleus of mass (A — i). 

o Using the mass loss rate of Vela X — I obtained by Dupree et 
al’, M~107° M, yr“', together with the stellar wind speed of 
_~860kms~' estimated at the neutron star orbit, we obtain a 
_ density of n = 3 x10" nuclei cm™’. For protons, using an attenu- 
-ation length’* of 105 g cm”’, we obtain 1, = 7 x 10° s. Using recent 
data’? on the spallation of iron on hydrogen we obtain 1, = 
_ 4x10°s for iron nuclei from equation (6). These attenuation 
times. are indicated in Fig. 2a by arrows, for comparison with 
those calculated for photon interactions. If the matter density 
is as high as we have assumed, the attenuation time at ~3 x 
_ 10’ eV for interactions with matter is of the same order of 
_ magnitude as for photon interactions in Vela X-1. Matter in the 

Stellar wind may provide target material for the nuclear interac- 
-tions responsible for the y rays. 
©” The nature of the stellar object in the Cyg X-3 system is not 
_- well known, but is probably a helium star'°, as originally pro- 

posed by van den Heuvel and de Loore'’. The likely masses'® 

-of the compact object (and mass of helium star) are in the range 

0.1 Mo (2.9 Mo) to 10 Mo (1.0 Mo). Figure 2b shows the attenu- 

ation time of protons in the vicinity of the compact object of 
Cyg X-3 calculated for these two cases. The results show that 

_.for protons to be accelerated to ~3 x 10'® eV (y rays have been 
“observed from Cyg X-3 up to ~10'° eV), the acceleration time 
“sscale must be less than 10*s (case A) or 3 x 10°s (case B), 
A high IR luminosity™ has been observed for Cyg X-3 and 
Tay be due to material surrounding the object, perhaps a 
~‘eocoon’’’, heated by UV emission to ~10*K, typical of 
| planetary nebulae. The IR radiation density would then be no 

_ greater than that of black-body radiation at ~10* K. Using Fig. 
(olythe attenuation time of protons at 3x10'° eV due to such a 
component is greater than 3x10°s, The possible presence of 
_ this additional component of the radiation does not then alter 
< the above conclusion. 
~~ It should be pointed out that the calculations of the attenu- 
ation time presented here were made assuming an isotropic 
- photon distribution. The attenuation time would be somewhat 
_ larger than that calculated if the particles were being accelerated 
bia direction away from the stellar object, avoiding head-on 
_ collisions with photons, Also, acceleration could take place more 
readily in a region behind the compact object partly shadowed 
_ from stellar radiation. 

-< In conclusion, by calculating the time scale for photonuclear 
“interactions in Vela X-I and Cyg X-3 we have been able to 
obtain upper limits to the acceleration time of protons in these 
_ objects at ~3 x10'° eV. These may be used to put constraints 
_ on models forthe particle acceleration mechanism operating in 

these objects. The cutoff in the observed y-ray energy spectrum 

“of Cyg X-3 may be due to a cutoff in the particle spectrum 
“resulting from photonuclear interactions. Alternatively, the 











correcting for interstellar absorption (A, = 2.2). The attenuation 











cutoff may be intrinsic, due to a failure of the acceleration 
mechanism at high energies, or may result from attenuation of 
the high-energy y rays by magnetic pair production processes”. 
If particles accelerated in binary.X-ray sources make an impor- 
tant contribution to the observed cosmic radiation, the steepen- 
ing in the cosmic-ray spectrum and non-rigidity-dependent com- 
position changes”! at 10'°~10'* eV may be due in part to photo- 
nuclear interactions in such objects. 
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We report here the progress of a survey of galactic nuclei for 
water-vapour maser emission at 22.235 GHz. We observed 29 
late-type galaxies in November 1982, January 1983, and Septem- 
ber 1983 using the 40-m radio telescope of the Owens Valley Radio 
Observatory (OVRO) equipped with a travelling-wave maser 
receiver’, We have detected maser emission from four nuclei: 
NGC4258 (M106), NGC1068 (M77), NGC3034 (M82), and 
NGC6946. The masers in NGC4258 and NGC1068 are extremely 
luminous; NGC1068 has the most luminous water-vapour maser 
yet reported—-350 Lo assuming isotropic emission. We suggest 
that the extremely bright nuclear masers indicate an ongoing burst © 
of star formation, and therefore provide a useful probe of the 
physical conditions of the starburst phenomenon. 

The beam size of the telescope at OVRO at 22 GHz is about 
100 arc s, which covers a few kiloparsecs at the distances of the 
galaxies observed. The typical zenith system temperature was 
50 K at 22.2 GHz. The spectrometer used was an acousto-optical 
spectrometer’ with a total bandwidth of 100 MHz and resolution 
~200 kHz, which resulted in a total velocity (v) coverage of 
1,300 km s™' and a velocity resolution of 2.6kms”'. For each 
galaxy the telescope was pointed at the optical nucleus. A 
description of the observational techniques and the complete 
results of the survey will be given elsewhere. 

Spectra of the maser emission from the four galaxies detected 
are shown in Figs | and 2. If the emission is isotropic, the total - 
luminosities in the line are: 350 Lo from NGC1068, 120 Lo from 
NGC4258, 3 Le from M82, and ~I Lo from NGC6946, with 
the assumed distances of 16.5, 6.9, 3.5 and 4.5 Mpc, respectively. - 
The observed luminosity of NGC1068 makes this maser the 
most luminous yet discovered and requires a maser photon rate 
of ~4x10*'s“!. The luminosities of NGC1068 and NGC4258. 
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i ‘Fig. 1 Spectra of the water-vapour maser emission towards the 
» nuclei of the galaxies NGC1068 (a), NGC3034 (b); and NGC6946 
a (e) taken with the 40-m OVRO telescope and the acousto-optical 

$ ctrometer. The spectral resolution is ~2.6kms™' ina and b, 
En but 5.2 km s™"! in c 





are larger than or comparable with that of NGC4945 (165 Lo, 
ref. 3). and the Circinus galaxy (37 Lo, ref. 4). AH other confirmed 
extragalactic water-vapour masers are ~l Lo or less”®. For 
comparison, the total H,O luminosity from a typical star-forming 
region in our Galaxy is ~107? Lo (ref. 7). The strongest galactic 
source known, W49N, sometimes reaches an isotropic luminos- 
ity of I Lo. 

Figure 2 shows the spectrum of the water-vapour maser in 
NGC4258 taken at epochs two months apart. The feature at 
vo~ 460 kms”! varied by a factor of 2 in that time. We have 
‘shown. (work in preparation) that this feature resolves into a 
‘smoothly rounded peak with Av=6.4kms |. This result and 
the variability imply that the emission comes from a single maser 


‘spot’ or group. of‘ po The-isotropic luminosity from this 
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Fig. 2 Spectra of the*water-vapour maser emission towards the 
nuclei of NGC4258 on a, November 1982; b, January 1983. The 
spectral resolution is ~2.6 km s~ 


feature alone is 40 Lo- and an upper limit to the size based on 
light-travel time arguments is 10!” cm. 
The four highly. luminous extragalactic water masers 
(NGC1068, NGC4945, NGC4258, and the Circinus galaxy) are 
physically different from water masers in our own Galaxy: 
besides the high total luminosity, the luminosity of each spectral 
feature detected in these galaxies is greater than 1 Lo, and the | 
ensemble of features cover a range of at least 100 kms”). Th 
spatial extent of the features is not known, but all the very 
luminous water-vapour maser emission from these four galaxies’ 
comes from, at most, a few tens of arcseconds in the nucleus. 
of each galaxy. Thus, there are, within a few kiloparsecs:in the. 
nucleus of each of the galaxies detected, at least several water- . 
vapour masers each with luminosity =1 Lo. The maser emission 
from NGC1068 covers a velocity range =700 km s~'. The veloc- 
ity range, which is roughly centred on the systemic velocity: 
(va = 1,130 km s~') is greater than that of either the H 1 emission? 
(+500 km s™!, full-width at zero’ intensity, FWZI) or the C 
emission’? (~450 km s~', FWZI) from this galaxy. High-velocity 
maser emission in galactic sources is known'', but the hig 
velocity components are always much weaker than low-velocity: 
features. The maser emission from NGC1068 provides a contrast ~ 
to this as the strongest emission arises near the extreme. 
redshifted velocities. The line profile resembles that of galactic 
OH masers in expanding. circumstellar shells. The H,O mase 
emission in NGC1068 may originate in an outflow from a central » 
source, 
The discovery of such highly luminous water-vapour masers 
only exacerbates the problem of explaining the physics of inter. 
stellar masers. Several possible explanations for such masers . 
have been discussed'*-'*, but there has been no cdhsensus about 
the mechanism for producing even the luminous galactic masers: 
such as W49N or the recent H,O maser flare in Orion’®. It seems, 
at least for the strong sources, that the masefs must be saturated 















- Streinitskij’° and Downes'* argue that radiative pumping 
- schemes fail to provide enough pump power. Strelnitskij'* sug- 
pests that the only possible mechanism for producing enough 
n pump power is a collisional pump with two kinds of particles 
at different kinetic temperatures. This requires H, densities fairly 
_ “close to the limit for quenching the maser by thermalization *. 
© Deguchi’s'? suggestion of a collisional pump with cold dust 
«acting as a sink of far IR water-vapour radiation appears to be 
< a more feasible mechanism, but the size scale required for the 
"very luminous masers in his model is rather large compared 
< ¿with the sizes deduced from the VLBI observations of galactic 
“sources. Downes’'* suggestion that the luminosity of a single 
“strong spectral feature comes from many spatially separated 
_ spots may be relevant in this case. The sizes of the extragalactic 
masers are unknown; preliminary observations with the Very 
Large Array (VLA) suggest that all the emission in NGC4258 
< (120 Le) is confined to a region 70 m arc s in size, corresponding 
to ~2 pe at the distance of this galaxy. All models of the very 
luminous masers have three things in common: (1) very high 
densities (my, = 10° cm™*): (2) a heat source to provide pump 
energy for the maser; and (3) an energy sink to complete the 
| pump cycle and provide the inversion. The heat source is usually 
“but not always postulated to be a strong IR source. The tem- 
<. perature of the heat source in all the models is ~1,000 K, and 
the temperature difference between the heat source and energy 
¿sink is ~200 K. 
~ In general, then, it seems that a neighbouring strong source 
of heating and very high densities are necessary to produce HO 
> maser emission. In the Galaxy, such conditions are found in 
_ regions of the interstellar medium where massive star formation 
occurs. The heat sources for most galactic masers are thought 
>to be luminous IR sources that are typically associated with 
< such regions. The lifetime of the water-vapour maser phase of 
-star formation is estimated to be ~10° yr (ref. 17) based on 
observations of galactic star-formation regions. For the four 
galaxies with very luminous masers, the nuclear IR luminosities 
are 2 10'° Lo except for NGC4258 which has a nuclear luminos- 
ity of 6 x 10° Le (ref. 18). Each galaxy also shows some evidence 
-for nuclear activity: NGC1068 is the prototypical Type 2 Seyfert 
galaxy and NGC4258 is classified as having a spectrum inter- 
mediate between Seyfert galaxies and Liners’. NGC4258 has 
anomalous ‘arms’ detected in Ha (ref. 20) and the radio con- 
_.tinuum?!, which may be indicative of some past nuclear 
< activity??? Recent observations of the Circinus Galaxy and 
NGC4945 also show evidence for nuclear activity”. We find 
that high bolometric luminosity and indications of nuclear 
“activity are necessary, but not sufficient conditions, for the 
- presence of highly luminous water masers. M82 is an example 
-of a galaxy with high IR luminosity and indicators of nuclear 
“activity but without a highly luminous water-vapour maser. 
“Thus, the very luminous water-vapour masers are likely to be 
¿short-lived phenomena associated with the activity in galactic 
“nuclei. 
¿= As the high luminosity masers require a large collection of 
¿sources with high density in the proximity of some source of 
< luminous heating, they may imply the concurrent existence of 
many star-forming regions. Because recent bursts of star forma- 
tion are frequently invoked to account for the high IR 
“luminosities and activity in galactic nuclei, we suggest that the 
_ highly luminous water masers are also a consequence of a high 
fate of star formation. Furthermore, the very short maser lifetime 
“implies that this phenomenon traces a current burst of star 
formation. If this suggestion is true, then the very luminous 
© Water masers in galactic nuclei provide a diagnostic tool for 
` determining the conditions of the starburst phenomenon. Other, 
_ -more exotic explanations are possible. For example, Moorwood 
„and Glass” have speculated that the formation of a supermassive 
object in the evolution of the nucleus might account for both 
-Seyfert and H,O maser activity in NGC4945, Our observations 
cannot rule out such a conclusion, and indeed, the 460 kms~! 
feature in NGC4258 and the masers in NGC1068 may support 
sucha speculation. 
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The full determination of the orbits of a binary star system requires 
measurements of both line-of-sight and transverse velocities. 
Except for orbits of large angular size, there is usually insufficient 
angular resolution for transverse velocities to be measured: the 
orbital parameters then contain an unknown orbital inclination. 
It is this that has so far limited the determination of the parameters 
of the binary system containing the pulsar PSR0655 + 64. Recent 
proper motion measurements have shown that the transverse 
velocities of pulsars can be determined from observations of the 
rate of scintillation of pulsar radio intensity due to irregularities 
in the interstellar medium’. We report here variations in the rate 
of scintillation that have been measured as the pulsar PSR0655 + 
64 moves around its orbit, allowing a direct determination of the 
inclination of the orbit, the transverse velocity of the whole binary , 
system through space and also of the linear scale of the interstellar 
scintillation pattern. The observations also provide an upper limit 
to the diameter of the companion star and the electron density 
within the orbit. 

PSR0655 +64 is in an almost, exactly circular orbit with an 
orbital period of 24.7 h. Timing measurements by Damashek et 
al? summarized in Table 1 relate only to the line-of-sight com- 
ponent of the velocity, so that the overall scale of the orbit and 
the stellar masses required to sustain it depend on the unknown 
inclination, i, of the plane of the orbit to the plane of the sky. 
Thus, assuming a perfectly circular orbit of radius a, and period 
P,, the true orbital velocity is 





U9 = == kms"! (1) 


If the inclination is small, the orbit will appear almost circular 
and the speed of the pulsar in the plane of the sky will vary» 
very little and be close to vo. However, if the inclination is large 
the pulsar will appear to oscillate back and forth along a line, 
and its speed will vary between 0 and v. Clearly the ratio of 
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Fig. 1. The scintillation patterns obtained from PSR0655 +64 at 

234 MHz between 18 November 1983 and 20 November 1983. The 

six traces are for each of six contiguous frequency bands having 

a separation and bandwidth of 625 kHz. The orbital phase. @ is 
_réelative to the position of the ascending node, that is.when the 
; pulsari is at one extreme of the major axis of its apparent orbit and 
a moving away from the Earth. 





the maximum to minimum speeds is directly related to the orbital 
inclination. 

The pulsar has a dispersion measure (DM) of 8.74.pc cm™, 
indicating a distance of about 300 pc. At this distance.the orbit 
would subtend an angle of <107* arcs at the Earth and be 
impossible to resolve even with very. long baseline radio- 
interferometry. However, it has been demonstrated recently that 
the rate of interstellar scintillation of the radiation from a pulsar 
is directly related to the transverse motion of the line-of-sight 
to the pulsar relative to the intervening medium’. We have, 
therefore, sought to measure the scintillation rate of the pulsar 
radiation around the orbit. 

‘Preliminary. observations in June 1982 at 408 MHz showed 
that the scintillation rate was ‘rather slow at this frequency and 
although a variation in rate was apparent in the data it was not 
possible to determine the variation with any certainty. A lower 
frequency of observation: was thus: indicated in order to obtain 
an ‘increased scintillation rate. and hence a better statistical 
measure of the instantaneous rate. Consequently, observations 
were made at a frequency of 234 MHz using the 76-m telescope 
at Jodrell Bank for.a total of 90h between 18 November and 2 
December 1983. The total intensity of the pulsar radiation was 
recorded in each of six contiguous frequency bands of width 
625 kHz and integrated over intervals of 2 min. The scintillation 
¿patterns obtained for one observation’ period of nearly 2 days 
are shown in Fig. 1 as å function of the pulsar orbital phase. 


The scintillation has a characteristic time scale of about 30 min. 


and a 50% decorrelation frequency of 1.1 MHz. The variation 
in scintillation rate around the orbit can be seen clearly: the 
rate is small at phases 0 and 180°, corresponding: to the 
extremities of the orbit where the motion of the pulsar might 
be expected to be predominantly towards or away from the 
Earth, and fast near phases 90° and 270° where the transverse 
motion is expected to be maximal. 

The scintillation rate was determined as the mean rate at 
which the scintillation pattern crosses the time-averaged mean 
intensity level in a given time interval. The rate as a function 
of orbital phase is shown in Fig. 2, where the data have been 
averaged over all 90 h of observation. The scintillation rate varies 
by more than a factor of 2-around the orbit. 

To interpret this variation. quantitatively, we consider the 
transverse motion of the pulsar to consist of not only the orbital 
velocity v but also a transverse drift velocity vector (v,, v,) of 
the whole binary system, where the major axis of the elliptical 
apparent pulsar orbit is assumed to be in the positive x-direction. 
‘The orbital phase of the pulsar is 6 measured relative to the 





_ related to the inclination of the orbit, i The middle term oscillates. 
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Fig. 2 The variation in scintillation rate as a function of orbital. 

phase 6. The standard deviation of each estimate is indicated. The © 

solid line represents the variation expected for each of the two: SN 
indistinguishable fits given in Table 2. : 





ascending node’. Thus the instantaneous transverse velocity of 
the pulsar in the plane of the sky is given by 


= (v, — vo sin 0)? +(v, +v cos 6 cos i)” 





If the scale size of the scintillation pattern is a,, then the observed 
scintillation rate 1/t, will be given by. 1/ f; = v,/a,, leading to 


L v9 [ee 2n i 
ve 2 





a; 





2(v, sin @—v, cos 6 cos i) sin” i cos 22) 
to 2 
This displays the two main features of the expected variatión 


of scintillation rate with orbital phase. 6. The last term- represents 
a variation at twice the:orbital rate and its magnitude is directly 





Table 1. Parameters of the binary pulsar PSR0655+64 = 








Dispersion measure. (pc cm™) DM 8.74, 
Pulsar rotation period (s) P 0:196 
Period derivative (ss7') Pp rom 
Orbital period (h) P, 24T: 
Orbital semi-major axis (light s) a, sini 4.1260. 
Orbital eccentricity e , <4x 1077 
Mass function (Ma) ue 0.0712 
(m, +m,) 








Table 2° Parameters ‘of PSR0655 +64 determined from scintillation a 








studies 
Solution, 1 Solution. 2: 

Orbital inclination i 6245 844350) 

(deg) : 
Orbital radius (lights) a, 4.66 +0.19 4.15+0.05 
Orbital velocity vo=87.5/sini 9944 881 

(km s7') ; 
Drift velocity* va 105 46+6 

(km s7!) 
Drift velocityt ba 64425 8446 

direction (deg) f 
Scintillation pattern a, 62,000 62,000: 

scale sizet (km) +5,000 +5,000 - 


RE a ea gavs é Cte 
* py = (02 +o), = 
toby = arctan (v,/2,). AEN 
ta,.is the distance at which the intensity, spatial autocorrelation = 
function falls to°0.5. k 
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Fig. 3 The relation between the mass of the pulsar, m,, and the 
mass of the companion star m,. The system must lie close to one 
of the lines i= 62° or i= 84°, 





vat the orbital rate and its magnitude and phase are related to 
othe magnitude and direction of the drift velocity vector. Thus, 
in principle, it is possible to determine the orbital inclination i 
and hence the orbital radius a, and the total orbital velocity vo 
(equation (1)). The drift velocity can also be determined in 
terms of the now known orbital velocity vo. Furthermore, the 
¿size and transverse velocity of the orbit are known, and this 
permits a direct measurement of the scale a, of.the scintillation 
pattern. 

A weighted least-squares fit of 1, to the observed scintillation 
rate was carried out to obtain the best values of i, v,/v) and 
v,/U,. There turn out to be two possible solutions which are 
_ indistinguishable; the degenerate solution is shown in Fig. 2 
vand is clearly a good fit to the data. These two solutions are 
-summarized in Table 2. 

It is easy to see why there are two solutions. The first solution 
_ essentially explains the finite scintillation rate at the extremities 
of the orbit (that is phases 0° and 180°) as being due to the finite 
-transverse orbital velocity at these phases of the apparent orbit. 
_ The second explains the residual velocity in terms of a large 
apparent eccentricity, the pulsar having low orbital velocity at 
0° and 180°, but having a significant drift velocity. It can be 
shown that there are just two such solutions to each set of 
_ cobservations like this one. 
= Itis possible, in principle, to resolve this ambiguity by further 
observations at an appropriate time. One can consider the 
scintillation rate to be determined primarily by the transverse 
-> velocity of the line-of-sight between the pulsar and the Earth 
_ relative to the intervening interstellar medium. So far we have 
_ attributed all the motion to the pulsar, assuming that the Earth 
_ ig at rest relative to the medium. However, the Earth is moving 
with a velocity of ~30 km s™' in its orbit around the Sun and 
had a velocity of ~27 km s™' normal to the line-of-sight to the 
pulsar during the present observations. This vector will 
contribute to the drift vector found in the two solutions presented 
in Table 2. Six months after this observation, the velocity vector 
of the Earth relative to the line-of-sight to the pulsar will be 
different by ~50 kms! in a known direction. Repeating the 
observations described here at that time will lead to two further 
_ solutions for the inclination and drift velocity, one of which 
will be compatible with one of the given solutions, so resolving 
_ the ambiguity. Moreover, the change in drift velocity vector will 
have the same direction as the known change in the Earth 
velocity vector, so allowing the position angle of the major axis 
_ of the apparent pulsar orbit to be established. 
|. Despite the ambiguity which is present in the interpretation 
of this current experiment, it is clear that the orbit is highly 
inclined with ei = 60° and the total orbital velocity, therefore, 
CXIO kms. 
>The binary period and projected semi-major axis yield the 
= mass function f(m m.) which provides a necessary relationship 
between the masses of the pulsar m, and its companion. m, 











































required to maintain a stable orbit. Thus 
Bord? 2 ae) 
m sın” i 9 4° (a, sin i 
f(m,, m) =o" aon (a G3 ) 
(m, +m.) G Py 


where Mz is the solar mass. Since we know that i is either 62° 
or 84°, then this equation is now constrained and we have 





= 0.0712 Mo 
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me 
Me. = 0.103 Mo or 0.072 Me 
Geom ee 3 


These relationships between m, and m, are represented graphi- 
cally in Fig. 3 and indicate that for a typical neutron star mass 
of 1.4 Mo, the companion must have a mass of <0.8 Mo. 

As there is no sign of any occultation of the pulsar by the 
companion near to 0 =90°, we can say that the companion is 
compact. Furthermore, there is no evidence of any dispersing 
plasma within the orbit, as the values of a, sin i at 408 and 
234 MHz are the same to within about 50 us. This implies a 
dispersion measure of <107° pe cm™ and a corresponding mean 
electron density of less than 125 cm™ within the binary orbit. 
This is rather less than that expected from any main sequence 
star and it seems that the companion must, therefore, be either 
another neutron star or a white dwarf. 

The evolution of the system has resulted in extremely circular 
orbits (eccentricity, e <4x 1075). At the time of the primary 
collapsing to a neutron star, presumably in a supernova event, 
the binary system was very fortunate to escape disruption either 
through asymmetry of the core collapse and explosion or 
because of the sudden mass-loss from the binary system. In 
either case, it is extremely unlikely that the resulting bound orbit 
should be highly circular. Some form of circularization of the 
orbit must subsequently have occurred and could have been the 
result of either accretion from, or tidal interaction with, the 
companion star, although neither would have been possible if 
the companion were as compact as.a neutron star or white dwarf. 
We have to conclude therefore that immediately following the 
formation of the neutron star the companion was not compact, 
that subsequently orbital circularization occurred and the com- 
panion evolved inte the compact object that now exists. This 
evolutionary sequence must all have occurred within the lifetime 
of the pulsar, which for pulsars generally is believed to be 
10° yr. 
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Volcanic rocks in conformable contact with fossiliferous sedimen- 
tary strata apparently present excellent possibilities for the 
calibration of the stratigraphical record by radiometric age 
determination. Unfortunately, many continental sedimentary 
sequences are poor in zone fossils. For example, correlation of 
the desert sediments in the upper Karoo Sequence of southern © 
Africa relies on broad lithostratigraphical divisions’ although 
vertebrate fossils can also be used” in some areas. However, precise _ 
dating of the onset of Karoo vulcanicity is crucial to the description: 















‘of. Gondwanaland. Here we note a highly exceptional area in 








eastern Botswana where the top of the largely aeolian ‘Cave 
Sandstone’ and the base of the overlying ‘Stormberg Lavas’ can 
be dated by the combined use of palaeontological and radiometric 
methods. Fluvio-lacustrine sediments within the lowest Stormberg 
Lavas are conformably overlain by basalts (in places, pillow lavas) 
with a probable K-Ar minimum age of ~181 Myr. Early Jurassic 
palynomorphs (Classopollis intrareticulatus) suggest that the 
maximum age of these sediments is in the Upper Sinemurian, 
between ~195 and 200 Myr. 

The Cave Sandstone, at the top.of the sedimentary sequence 
in the Tuli Basin (Fig. 1), is a largely aeolian deposit although 
small-scale cross-bedding and mud-pellet horizons indicate that 
at least part of this unit was waterlain (see ref. 3). Although a 
Glossopteris flora and sparse Upper Triassic reptilian remains 
occur in the older Karoo sediments in Zimbabwe, no fossils 
have been found in the Cave Sandstone anywhere in the Tuli 
Basin*”’. The Stormberg Lavas in Botswana are a thick pile of 
subaerial basaltic lavas with little pyroclastic material. In places 
towards the southern margin of the Tuli Basin, the lavas were 
deposited on an irregular surface of sandstone. In some areas 
this surface has been considered to be erosional and, therefore, 
to represent an unknown time-gap**. Elsewhere, the lavas over- 
whelmed sand dunes with only slight disconformity’. 

< However, there are, widespread sedimentary lenses inter- 
layered with the lowest of the Stormberg Lavas**'®. In the Tuli 
Basin; these range from a few centimetres thick*, to more than 
40 m thick with an exposed strike length of 27.5 km (ref. 7), The 
lower of the two main lenses which occur in the Madikolola 
River, about 7 km south-east of Bobonong (Fig. L), is composed 
of locally argillaceous or carbonaceous quartz sandstone up to 
3 m thick which is overlain by a thin discontinuous limestone. 
The basalts beneath this sandstone layer wedge out to the east 
and the layer merges with the top of the Cave Sandstone, 
implying that the latter is partly coeval with the oldest lavas. 
The upper lens consists of limestone with thin sandstone and 
mudstone lamellae. It, too, is locally carbonaceous. The lime- 
stone draped the underlying lava and it was distorted by the 
succeeding lava, in which. pillow structure occurs. These two 
lenses are separated by only ~25 m of lavas. In this essentially 
conformable:sequence, there appears to have been only a small 
time-gap between the deposition of the top of the Cave Sand- 
stone, the sandstone and limestone lenses and the enclosing 
basalts. 

Although this is the first record of Karoo pillow lava in 
Botswana, it is known at a few other localities in Zimbabwe'! 
and South Africa'®'*, often associated with sedimentary inter- 
beds. Pillow structure only forms when.a lava flow enters water 
(or, very exceptionally, snow or mud)'®'?. The pillow lavas at 








Table 1 K-Ar ages for basalts from eastern Botswana 





Vol. radiogenic Atmospheric 
Ar Ar Aget2 og) 

Sample %K (nl g™') (%) (Myr) 
BG65 1.48 10.21 18.7 16924 

BG66 0.769 4.91 30.7 15844 

BG69 0.994 6.62 13.2 16449 

BG71 2.12 15.59 8.6 18044 
BG72 2.07 14.29 9.3 170 + 6* 
BG74 2.13 15.85 26.1 182.4 6* 
BG75 2.10 15.63 12.5 182 4 5* 






















Potassium was determined with a precision of better than +1% (Le) 
using a digital flame photometer with lithium internal standard. Argon 
was extracted under vacuum by fusion using radio-frequency induction 
heating and analysed by the isotope dilution method in a VG Micromass 
MM 1200 mass spectrometer. Errors.on the ages are compounded from 
all the sources of variation throughout the analysis and also incorporate 
any replication errors ‘due to sample inhomogeneity, Ages were calcu- 
lated. using the decay and other constants recommended elsewhere”. 

* Single argon determination only. 


Bobonong are a tiny part of a largely subaerial lava pile overlying 
continental sediments. It is most likely that they formed where. _ 
Karoo lava flows entered a lake in which the thin sedimentary _ 
lenses were deposited. a 
The probable palaeogeography of the Bobonong area is süg- 
gested by the structure of the Tuli Basin. The Karoo strata in 
eastern Botswana are preserved in an asymmetric graben, 
bounded on the northwestern margin by a large fault zone (Fig: 
1): this is parallel to pre-Karoo structures in the basement!‘ and 
there is sedimentological evidence for intra-Karoo rifting in _ 
Zimbabwe’ and Botswana*". It seems probable, therefore, tha’ 
during Karoo times the Tuli Basin was a fault-bounded 
depression and thus the low-lying axis of a drainage basin in 
which, even during deposition of the largely aeolian Cave Sand- _ 
stone, some subaqueous sediments were formed. Subsequently, _ 
towards the end of Cave Sandstone times, the marginal faults _ 
were reactivated. The edges of the basin were uplifted and — 
dissected while deposition continued in the basin axis. When 
the earliest basalts were extruded they flowed into eroded gullies © 
on the southern margin.of the basin ‘and onto an alluvial plain. 
along its axis. After deposition of the lowermost basalts, 
sedimentation resumed in rivers and lakes, which might well 
have been lava-dammed. However, the sediment supply seems: 
to have been rapidly choked off by further extrusions, with the 
onset of limestone deposition. Finally, the lavas filled the 
depression and sedimentation ceased. i 
















Fig. 1 Location of the Tuli Basin 
and the study area, after ref. 28. 
The Karoo sediments include litho- 
logical equivalents of the Middle 
Ecca (oldest), Red Beds and the 
Cave Sandstone. The analysed 
samples all come from near the 
base of the Stormberg Lavas. Strati- 
graphical nomenclature of the local 
units is currently being reviewed 
and formalized by. the Geological 
Survey of Botswana. 
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Fig. 2 Two specimens of Classopollis intrareticulatus Volkheimer, 1972 at: a, high; b, intermediate; and c, low focus levels in brightfield. 
x1,000. Scale bar, 35 pm. 


The field evidence and the palaeogeographic model imply 
that in places the Stormberg Lavas lie conformably on Cave 
Sandstone, and where they do not the time-gap represented by 
the disconformity is small. As the time between the deposition 
of the top of the Cave Sandstone and of the interbedded lime- 
stone is also thought to be small (at least relative to the errors 
in absolute age determinations), suitable fossils in the limestone 
and radiometric determinations of the associated lavas would 
effectively ‘date’ the boundary of the Stormberg Lavas with the 
Cave Sandstone in eastern Botswana. 

A limestone sample from the Madikolola River yielded abun- 
dant pollen of the genus Classopollis (Pflug, 1953) including C. 
intrareticulatus (Volkheimer, 1972) (Fig. 2), which were pro- 
duced by plants of the extinct conifer family 
Cheirolepidiaceae'*'’. This genus has a world-wide distribution 
with a stratigraphical range from the late Triassic to the Turonian 
(late Cretaceous)'*. C. intrareticulatus has only been found in 
the range Upper Sinemurian (mid-early Jurassic) to Tithonian 
(late Jurassic) within sediments of the Neuquén Basin, Argen- 
tina'’'**?. This is the first discovery of the genus Classopollis 
in an intracratonic African Karoo basin. 

Seven whole-rock samples of Karoo basalt from three 
localities in eastern Botswana (Fig. |) were analysed for K-Ar 
radiometric dating. These are the first such determinations for 
Botswana. Two of these samples (BG 65 and 66) came from a 
prominent lava flow which overlies the limestone immediately 
south of Bobonong. The results in Table | suggest a minimum 
age of 169+ 4 Myr for this lava flow. However, the other analysed 
samples from the Tuli Basin have given a range of ages, with 
three of about 180 Myr. There is a correlation amongst these 
samples between low potassium contents and low age, suggestive 
of alteration and probable argon loss (Table 1). In these circum- 
stances it is conventional to assume that the mean of the three 
oldest results (181 +4 Myr) is the best estimate of the minimum 
age of the samples. This may be compared with K-Ar ages of 
up to 193+7 Myr for Stormberg lavas from Lesotho” and a 
Rb-Sr age of 190+ 5 Myr for rhyolites from the Lebombo area 
of Swaziland”. 


Thus, the radiometric data and the fossil evidence can be 
used together to place close limits on the age of the limestone 
and hence on the top of the Cave Sandstone. The occurrence 
of C. intrareticulatus in the limestone suggests, given present 
knowledge, that it is unlikely to be older than Upper Sinemurian. 
According to the Phanerozoic time scale, the Upper 
Sinemurian lies in the range from ~195 to 200 Myr. The lava 
overlying the limestone is probably older than 181+4 Myr 
(Toarcian). We conclude that the limestone and, therefore, the 
onset of Karoo vulcanicity are late early Jurassic in age, falling 
in the range Sinemurian to Toarcian. 

The field location of all analysed samples and of known 
examples of pillow lava referred to here are described in ref. 26. 
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We report here detailed evidence that during the period 1600-1100 
BC the geomagnetic intensity in Egypt and western Asia increased 
monotonically by a factor of 1.6 and propose that, within this 
region and this period, such intensity can be used as a dating tool. 


The results, which form the reference data for age evaluation, are- 


from well-dated archaeological samples of baked clay from 
Cyprus, Egypt, Israel and Mesopotamia using a version of the 
Thellier technique’ as modified for use in a cryogenic (SQUID) 
magnetometer’. There is no evidence for the more rapid fluctuations 
that have been reported for Egypt’, Greece and France” during 
this and other periods. Earlier than 1700 BC the intensity remains 
close to the present-day level, although there is some indication 
of a small fluctuation. 

‘Many of the samples were Mesopotamian royal bricks® and 
Egyptian funerary cones’ carrying inscriptions. These have been 
widely studied and most of the inscriptions are firmly related 
either to regnal or dynastic lists. The absolute chronology of 
these lists is based on recorded astronomical events, the dates 
of which have been calculated in calendar years: with relatively 
small margins of error. For Mesopotamia, we have followed the 
revised Cambridge Ancient History in using the ‘middle’ 
chronology". The remainder of the samples are pottery sherds 
from firmly-dated levels on archaeological sites, with stylistic 
confirmation of attribution where possible. The dating is based 
onthe absolute chronology referred to above by means of 
archaeological linkages; there is no involvement of radiocarbon. 
The: samples:on which the final reference data are based are 
listed in Table 1. 





Sampling was carried out using a diamond-impregnated corer 
in a small hand-held drill, and several small cylindrical cores, 
3mm X3 mm, were thus obtained from each piece: the exact 
measurement procedure has been described previously.” To be 
acceptable, a sample must fulfill strict, objective reliability 
criteria such as discussed elsewhere’. Also, to avoid samples 
in which the ancient value might have been distorted by an 
internal field, an upper limit of 107* F,/cos? y Am? kg™! is set 
for the specific magnetization, where F, is the ancient field 
intensity (in pT) and y is the angle between the ancient moment 
and the perpendicular to the plane of the pottery or brick. If 
the sample does not have a well-defined plane, the cos y term 
is omitted, making the limitation more restrictive. The final 
criterion is that the ancient field obtained from at least two cores 
must not differ by more than 5%. Evidence that these criter 
are effective is provided by the agreement between contemporary 
samples having different magnetic characteristics and origins, 
such as the group which centres on 1300 BC (lines 15-21 of 
Table 1). The results are corrected for anisotropy’ and for the 
influence of cooling rate''; whereas during measurement the 
laboratory thermoremanent magnetization (TRM) is imposed 
during rapid cooling, of the order of 100°C min™', the cooling 
in antiquity probably took place over a few hours or a few days. 
Fortunately, the dependence on rate is weak; typically. th 
apparent field obtained directly from the measurements needs 
to be reduced by 5.5% to get the true field if the cooling is over 
4h, and 8% if over 2 days. For individual samples the corrections 
may be as low as zero and as high as 9 and 12% respectively 

Samples that passed all the criteria were subdivided into 
grades | and 2 according to their closeness to the limits, the 
latter being nearer the borderline. Samples for which the cores 
‘differ by between 5 and 10% and do not quite fulfill the other 
criteria are categorized as grade 3, all others being rejected. The 
grade 3 results showed more scatter but indicated the sam 
trend, The grade 1 and 2 results are plotted in Fig. 1 as the rati 
between the ancient intensity and the intensity at the site due. 
to an axial, centred, geomagnetic dipole of present-day strength 
(8 x10” Am’), thus making allowance for latitude dependence 
of the dipole component of the field.'* As the scatter of the 














Table 1 Geomagnetic intensity reference samples and results for the second millennium Bc 





Sample Location 
1 Royal brick (Ur-Ninurta) Babylonia 
2 Royal brick (Erishum I) Babylonia 
3 Royal brick (Sin Kashid) Babylonia 
4 Royal brick (Sin Iddinam) Babylonia 
5 Royal brick (Silli Adad) Babylonia 
6 Four Royal bricks (Hammurabi) Babylonia 


7 Three sherds (Palace floor) Tell al Rimah, N. Iraq 


8 Three sherds (Destruction level) 
“ 9 Two sherds (level c/2) 

10 Two sherds (level E/1) 

11 Two sherds (Destruction level) 
12. Funerary cone (Benia) 

13 Two sherds (Tuthmosis) 

14 Royal brick (Karaindash) 

15 Four sherds 

16 Two sherds (Seti I Gurna) 

17 Two sherds (level IV} 

18 Royal brick (Shalamaneser I) 
19 Three Royal bricks (Untas Gal) 
20 Sherd (destruction layer) 

21 Royal brick (Tukulti-Ninurta 1) 
22 Two sherds (deposit XIII) 

23 Sherd (level I) 

24 Royal brick (Tiglath Pileser 1) 
25 Three sherds (Pinedjem I) 

26 Two sherds (CG 1) 


Tell al Rimah, N. Iraq 
Tell el-Dab’a, N. Egypt 
Tell el-Dab’a, N. Egypt 
Aphegq, Israel 

Thebes, Egypt 

Karnak, Egypt 
Babylonia 

Tell el Amarna, Egypt 
Karnak, Egypt 

Kition, Cyprus 

Assyria 

Elam 

Aphegq, Israel 

Assyria 

Karnak, Egypt 

Kition, Cyprus 

Assyria 

Karnak, Egypt 
Kouklia, Cyprus 





Presumed Fa 
date BC Intensity ratio (nT) 

1923-1896 0.91 38.5 

~ 1900 0.85 35.8 

~ 1860-1830 0.95 40.2 

~ 1849-1843 0.90 38.1 
1835 0.92 38.9 
1792-1750 1.03, 1.03, 0.99, 0.9 43.6, 43.7, 42.0, 40,1 
1780-1750 0.75, 1.00, 0.86 33.4, 43.9, 37.8 
1760-1750 0.99, 1.04, 0.90 43.7, 36.1 
1750-1700 0.89, 0.87 37.0, 36.1 
1630-1590 0.98, 1.04 40.6, 43.0 
1550-1500 1.06, 1.15 44.9, 48.8 
1550-1401 1.29 49.9 
1504—1492 1.26, 1,17 48.9, 45.3 

~ 1400 1.23 51.8 
1353-1335 1.31, 1.29, 1.37, 1.41 52.2, 51.6, 54.8, 56.4 
1306-1290 1.29, 1:38 49.7, 53.6 
1300-1220 1.36, 1.38 60.0, 60.7 
1273-1244 134 59.9 

~ 1250 1.44, 1.53, 1.47 60.3, 64.0, 61.4 
1260-1240 1.38 58.6 
1243-1207 1.36 60.6 
1250-1150 1.51, 1.53 38.4, 59.1 
1150-1075 1.62 71.6 
1114-1076 1.50 66.7 

~ 1100-950 1.52, 1.52, 1.51 58.6, 58.5, 58.1 

~ 1050-1000 1.53, 1.66 67.5, 73.1 


es 
The intensity ratio quoted is F,/Fp where F, is the ancient intensity and Fp is the intensity at the site due to an axial centred geomagnetic: 


dipole-of present day strength (8 x 10 


2 Am’). Only those samples are listed which were graded | or 2 (on a scale 1-6) on the basis of reliability, 


grade | results being underlined. The Mesopotamian chronology used is that of Brinkman, that is, the so-called ‘middle’ chronology for Hammurabi; 
the. Egyptian chronology used is that of Baines and Malek". ; 
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Fig. 1 Geomagnetic field intensity for Egypt and western Asia 

expressed as the ratio between ancient intensity and the intensity 

at the site due to an axial, centred, geomagnetic dipole of present- 

day strength. ®©, Mesopotamia; AA, Egypt; MCD, Israel and 

Cyprus; closed symbols are grade | reliability, and open, grade 2. 
` A number adjacent to a data point indicates that it represents more 
than one sample. Where no age span is indicated the archaeological 
age is <+15 yr. Ages used are given in Table 1. 
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Fig. 2 Region from which the geomagnetic intensity samples 

originated. The ancient kingdoms of Assyria, Babylonia and Elam 

are indicated by centrally-placed markers rather than by historical 
regional boundaries. 





























points in Fig. 1 is comparable with our estimate of the present 
overall accuracy (+5%), there is no evidence for geographical 
dependence of this ratio within the region studied—bounded 
by Egyptian Thebes (33° E, 26° N) in the south-west, Cyprus 
(33° E, 35° N) in the north-west, the ancient kingdom of Assyria 
in northern Iraq (43°E, 36°N) in the north-east, and the ancient 
pat of Elam in Khuzistan (48°E, 31°N) in the south-east 
ig. 2). 

¿We conclude that within this region, and for a group of 
archaeological objects broadly attributable to 1600-1100 BC on 
other evidence, the geomagnetic intensity recorded in pottery, 
ricks and tiles can be useful in giving a more accurate date, 
ipproaching +50 yr; such an application is now being made. 
Also, except for centuries in which the ratio is close to unity, 
the ancient intensity can provide confirmatory evidence in 
respect of tests for authenticity made by the thermoluminescence 
ethod. 
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The electronic properties of small particles of semiconducting 
materials have attracted considerable attention because they can 
mediate the photolytic decomposition of water'*; a property which 
may prove useful in solar energy storage devices. Information 
about the initial electron-hole state formed on photolysis and the 
subsequent conduction and electron transfer processes occurring 
at the particle-solvent interface has previously been gained 
indirectly through steady-state and flash-photolysis studies of col- 
loidal solutions that alse contain well known electron donor and/or 
acceptor molecules. A more direct, ‘electrical’ method of probing 
such systems might be expected to lead to a more detailed. under- 
standing of the primary photoionization event and the ensuing 
bulk and surface electronic processes. We demonstrate here the 
feasibility of such direct probing of microscopic particles of semi- 
conductor materials (TiO,, CdS and Se) suspended in a nonpolar 
liquid medium. 

There are two basic problems associated with electrical 
measurements on individual, microscopic ( ~ | pm or less) parti- 
cles. First, even if a relatively low estimate of 10°¢ m?V7! 7! is o 
taken for the mobility (u) of an electronic charge carrier, 
diffusion from the bulk to the surface of such a particle will 
occur on a time scale much shorter than a microsecond. Entrap- 
ment at the surface, possibly in localized states, can therefore 
occur very rapidly so that very fast perturbation and detection 
techniques are needed, if the primary electron-hole pairs are to 
be observed. The second problem, also due to the small 
dimensions involved, is that the probing electric field E should 
only be applied in any given direction for a time, Ate, much 
shorter than the time required for the charge carrier(s) to drift 
a distance in the field direction which is comparable with the 
dimensions of the particle. This produces the condition At, « 
d x10°°/E where d is the dimension of the particle i in microm- 
etres. Even for a relatively low field strength of 10*Vm™' and 
a not abnormally high mobility of 0.1 m°V~' s~', Atg should be 
« I ns for microscopic systems. Ultrahigh frequency field modu- 
lation is, therefore, a prerequisite for a non-perturbing probe 
technique. 

We have attempted to study the electronic properties of small 
particles of the semiconducting 'ompounds Ti 102 C eas and Se 








suspended in a liquid-saturated hydrocarbon medium (trans- 
decalin). The potential problems described above were reduced 
as much as possible by using a 10-ns (FWHM) pulse of UV 
light (308 nm) from an excimer laser (Lambda Physik EMG 
500) to induce band-gap transitions in the particles and, by 
measuring any resulting conductivity change as a change in the 
microwave dielectric loss of the medium with a detection risetime 
of 5 ns. 

The time-resolved microwave conductivity technique was 
identical to that recently developed for studying photo-induced 
intramolecular charge separation processes (see ref. 7). For the 
microwave frequency (9.6 GHz) and power level (100 mW) used, 
the reciprocal radian frequency of the field (1/2 mf) and 
maximum field strength in the measurement cavity were 17 ps 
and 9 x 10° Vm"! respectively. The small perturbation condition 
given above is, therefore, amply satisfied for particles of micro- 
metre dimensions. 

The suspensions were produced simply by shaking the pow- 
ders and the trans-decalin liquid together by hand. For the first 
few times the suspension was also sonicated to help disperse 
any aggregates. The suspensions were not de-aerated. The trans- 
mission at 308 nm for freshly shaken samples was 21% (TiO,), 
30% (Cds) and 72% (Se) and remained stable within a few per 
cent over a time scale of at least several minutes. A degree of 
aggregation was apparent for TiO,. The powders were obtained 
commercially: TiO, (Degussa P25, 55m*g™'), CdS (Alpha, 
2m°g ') and Se (Fluka purum). No background conductivity 
was found for CdS and Se suspensions. The TiO, suspension 
did, however, display a small loss, presumably due to extrinsic 
carriers resulting from oxide deficiency”. 

Single-shot flash photolysis (10 mJ cm ~* per pulse) of all three 
suspensions resulted in readily measurable changes in the micro- 
wave conductivity (dielectric loss) of the medium. This is illus- 
trated by the transient digitizer traces shown in Fig. 1. No 
conductivity change was observed on flash photolysis of the 
solvent alone. In addition, the changes are even greater than 
the largest which have previously been found for the formation 
of highly dipolar (~25 D) excited states of molecular charge 
transfer compounds in the same flash photolysis conditions””". 
We conclude, therefore, that the conductivity observed must be 
due to electron-hole pair formation in the particles of the 
suspension rather than to photon absorption by spurious 
molecular impurities. Only monophotonic processes are expec- 
ted to take place for the photon intensity used. On the other 
hand, many electron-hole pairs per particle may be formed 
during the pulse. 

A full quantitative analysis of the absolute conductivity values 
and the rather complex kinetic decay processes is in progress 
and will be reported elsewhere. We restrict ourselves here to a 
few comments on the qualitative aspects of the data. 

First, the short-time data display an initial rise which is much 
more rapid than the integrated pulse shape convoluted with the 
5-ns time response, as would be expected if the formation of a 
single, long-lived conducting species were responsible for the 
transient conductivity change. This effect, and, in addition, a 
rapid decrease immediately following the pulse, is particularly 
apparent for the selenium sample. Illumination apparently 
results initially in a more conducting, but relatively short-lived, 
state which decays within a time shorter than, or comparable 
to, the pulse length to yield a much longer-lived conducting 
state. It seems reasonable to consider that the initial state is that 
resulting from primary electron-hole formation within the con- 
fines of the particle. The short lifetime can then be ascribed to 
a combination of bulk electron-hole recombination and rapid 
diffusion to the surface. This would agree with the short lifetime, 
<5ns, found for fluorescence emission from CdS sus- 
pensions''!?, 

The persistence of the conductivity transients from tens of 
nanoseconds to many microseconds is of particular interest as 
this probably reflects the potential for high charge mobility, 
even on the particle surface. While this is perhaps to be expected 
for perfect, uniform two-dimensional surfaces it was by no 
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sensitivity in terms of the percentage change in reflected power. 
The shaded region encompasses the 10% intensity points of the 
laser pulse. 


means a forgone conclusion for real, two-dimensional, inter- 
faces. If conduction is, in fact, being observed at the solid-liquid 
interface, then the present technique can be added to the few 
which are capable of probing such regions at the molecular level. 

That the long-time conductivity transients are due to surface 


m 





states is most strongly supported by additional results obtained — 


for TiO, using the more polar solvent paradioxane. These show 


an order of magnitude slower decay compared with decalin, — 


although the initial processes (<50 ns) are very similar. Such 
an effect of the surrounding medium on the decay kinetics of 
the conductivity is difficult to explain if surface states are not 
involved. On the basis of the available results, however, it cannot 
be decided whether the effect of solvent is due to a change in 


the nature of the surface states of individual particles alone or — 


to changes in the static and dynamic interactions between par- 
ticles. 


The decay of the conductivity, even in the long-time domain, — 


is complex and cannot be described by either simple first- or 
second-order homogeneous three-dimensional 
logarithmic time dependence similar to that found for charge 
carriers in amorphous semiconductors gives a better description. 


This could be due to the sub-three-dimensional movement of } 


kinetics. A 


the charge carriers and/or to a distribution of partially localized — 


states on the particle surface. 

While the technique is limited, at present, to low-loss sus- 
pension media, thus excluding polar liquids such as water, it 
should be a useful tool for gaining a better fundamental insight 
into the influence of various parameters on the electronics of 
small particles including, in particular, the intricacies of the 
semiconductor-liquid interface. The effects of medium, particle 
size, surface dopants and the presence of dissolved electron and 
hole transfer agents should be areas particularly worthy of study. 

We thank the laser flash photolysis group of Dr C. A. G. O. 
Varma at the University of Leiden for assistance and use of 
facilities. 

Note added in proof: The surface states of the untreated powder 
samples used are ill-defined and could be considerably influ- 
enced by the presence of adsorbed species, in particular HO 
due to exposure to the atmosphere, With respect to this problem, 
in experiments carried out after submission of this letter, we 
have studied the effect of a surfactant (aerosol-OT) entrapped 
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water layer on the photoconductivity of a TiO, suspension. The 
ong-time, ‘surface’ conductivity signal is indeed found to be 
_considerably influenced (reduced) by the presence of surface 
_ water in. particular as the layer thickness is increased from 5 to 
10 A. The initial, ‘bulk’ conductivity signal remains unaffected 
3y water as would be expected. 
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oncera and controversy over the effects of acidic deposition on 
low ionic strength surface waters has led to much discussion on 
the nature and extent of proton transformations within acid sensi- 
tive ecosystems'~“*. The source of base neutralizing capacity (BNC) 
within acid surface waters has been attributed to atmospheric 
deposition of H,SO, (er SO,)°° or HNO, (ref. 7), as well as 
production of soluble organic acids from soils*. Unfortunately 
many of these studies have failed adequately to characterize 
_ aluminium, which is often a very significant component of BNC 
_ in acidic waters’. We have evaluated the nature of short-term 
changes in the BNC of an acidic clearwater lake. Our results 

Suggest that much of the variation in hydrogen ion and aluminium 
-BNC can be attributed to changes in nitrate concentration, rather 
_ than to variations in sulphate, chloride, or organic anion concentra- 
tions. 

The study site, Dart Lake, is located in the Adirondack Moun- 
tain region of New York State, USA (72°52 W, 43°48" N). The 
watershed drainage area is 107km*, and the lake volume is 
1.02 x10’ m° with a mean depth of 7.1 m. Dart Lake has a single 
outlet and our water budget indicates that 95% of the outlet 
flow (7.25x10’ m? yr7') enters the lake at the major inlet. 
Samples were collected for water quality analysis at the inlet, 
outlet and at seven depths, from a pelagic sampling station, 
ipproximately every 2 weeks over an annual cycle (25 October 
1981-21 November 1982). Shortly after collection, samples were 
measured for pH and dissolved inorganic carbon (DIC), ampu- 
ated for dissolved organic carbon (DOC) analysis, and extrac- 
ed for monomeric aluminium using the procedure of Barnes!°. 
Monomeric aluminium was fractionated into labile and non- 
labile forms using the cation exchange column method of Dris- 
_coll'''?. Samples were analysed in the laboratory for all major 
solutes’. 

: Selected samples, collected from drainage waters in the Dart 
Lake watershed, were processed and titrated’ to characterize 
_the proton dissociation of naturally occurring organic solutes. 
_ These data were fitted to a monoprotic proton dissociation model 
using a modified Gran plot analysis”. A statistically significant 
empirical relationship was observed between DOC concentra- 
tion and mols of proton dissociation sites per litre (Cy = 
0.025 DOC +8.0; where Cy is the proton dissociation sites on 
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Fig. 1 Isopleths of nitrate (a), hydrogen ion BNC (b) and 


aluminium BNC (c) in pEquiv!”! for Dart Lake (25 October 
1981-21 November 1982). Samples were collected at seven depths. 
Sampling dates are indicated (A). 

organic solutes in pmoll”' and DOC is in pmol’; n= 13, 
r? = 0.69, P<0.01 ). A relatively consistent fit to a proton dissoci- 
ation constant was also obtained (pK, =4.53+0.25). Our 
detailed observations of DOC were applied to this model to 
estimate the BNC due to organic solutes and the organic anion 
concentration of water samples. 

Poor precision, slow kinetics associated with heterogeneous 
phase reactions, and the inability to characterize individual 
components, meant that BNC was not determined by titration. 
Rather the individual components of BNC were calculated, 
using a chemical equilibrium model'*, as the amount of strong 
base required to increase the pH of a litre of solution to a value 
of 8.3. The thermochemical data used in our analysis are sum- 
marized elsewhere’! !? and thermodynamic calculations were 
corrected for the effects of temperature and ionic. strength. In 
these calculations we assumed that labile monomeric aluminium 
was a good estimate of inorganic forms of aluminium, and that 
non-labile monomeric aluminium did not significantly accept 
or donate protons. The close electroneutrality balance supports 








‘Table 1. Mean chemical composition (Equiv 1") of Dart Lake inlet, 





outlet and water column solutions, October 1981-November 1982 
(n=172) 
ue Mean s.d. 
Base neutralizing capacity 
{to reference pH = 8.3) 
Hydrogen ion 7.4 3.7 
Aluminium 19.6 8.2 
Carbonic acid 62.0 58.9 
Organic acids 3.0 1.2 
Total 92.0 $9.0 
Basic cations 
Calcium 99.5 4.6 
Magnesium 28.9 2.2 
Sodium 28.3 49 
Potassium 13.0 LI 
Total 169.7 10.0 
Anions 
Sulphate 137.6 11.0 
Nitrate 24.4 8.6 
Chloride 13.5 3.4 
-Organic anions 12,2 0.4 
Bicarbonate: 72 11.9 
Free fluoride. 0.9 0.7 
© Total 195.8 25.6 
Sum of cations” 196.7 13.9 
Sum of anions 195.8 25.6 





* Cationic equivalences were computed to be hydrogen ion and 
aluminium BNC plus basic cations. 


the assumptions and procedures used in this study for the 
characterization of aluminium and DOC (Table 1). Further 
information on the site description, hydrology, sampling and 
analytical methods, thermal and. water quality data, and data 
analysis are available elsewhere’. 

‘Although H3CO, was the major component of BNC in Dart 
Lake (Table 1), levels of hydrogen ion and aluminium BNC in 
acid lakes are generally of more interest because of potential 
toxicity to organisms'*'®. Variations in hydrogen ion and 
aluminium BNC (H-AI-BNC) of all samples collected (n = 178) 
were strongly correlated with variations in nitrate concentration 
(H-AI-BNC = 0.94 NO} +2.4; pEquiv 1', r°=0.54, P< 
0.0001). Note that this empirical correlation is linear with a 
slope close to one and an intercept near the origin. Although 
$02> was the dominant anion in Dart Lake (Table 1), no 
statistically significant relationship with H-~AI-BNC was ob- 
served. H~AI-BNC was weakly correlated with organic anion 
concentration (H—AI~-BNC =33.3(RCOO”)—481; where 
RCOO™ represents the organic anion content in Equiv nee 
r*=0,13, P<0.0001) and no statistically significant relationship 
was observed with CI”. 

Water quality observations in Dart Lake suggest that bio- 
geochemical processes result in temporal and spatial variations 
in NO}, which influence hydrogen ion and aluminium BNC 
(Fig. 1). In the autumn, NO3, H~BNC and AI-BNC exhibited 
an orthograde distribution in Dart Lake. During ice cover, NO3, 
H-BNC and AI-~BNC increased in the upper waters. These 
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Fig. 2 Simulated changes in the pH of Dart Lake with increases 
and reductions from the ambient nitrate (a) and DOC (b): con 
centrations. Average Dart Lake water (Table 1) was assumed to 
be in equilibrium with microcrystalline gibbsite (p* K,, = 9.35; ref. 
28) and an organic solute (C;=0.025 DOC +8.0, in wmoll”!; 
pK, = 4.53). The relatively soluble mineral phase, microcrystallin 
gibbsite, was selected for our simulations because it is considered 
to represent the solubility of freshly-formed Al(OH); (ref. 23): 
Moreover, the mean ion activity (Qo) product for Al(OH), of Dart 
Lake solutions was very close to the solubility of microcrystalline > 
gibbsite (p* Qis = 9.52 + 0.28). 


trends were presumably due to freeze-concentration at the ice 
water interface and/or higher concentrations associated with 
stream inputs, which flow along the lake surface because. of _ 
winter thermal stratification'’. Concentrations of all three con- 
stituents decreased with increasing lake depth. Although the 
lake was aerobic throughout the study period (a. minimum DO 
of 41 pmol 17! was observed at 14 m depth on 1 October 1982), 
we attribute these lower water depletions of BNC to sediment 
reduction of NO7 and the resulting production of acid neutraliz- 
ing capacity (ANC). ae 

During the snowmelt period (1 March-1 May), 34% of the 
annual discharge entered Dart Lake. Inlet concentrations of | 
H-AI-BNC and NO 3 were significantly greater during snowmel 
(1 March-1 May, flow =8.9+6.9 m's7', H-AI-BNC =52+11 
NOS = 51 £11) than during either summer—autumn (1 June-1i 
November, flow = 1.7 £1.7 m? s7'; H-AI-BNC = 18+ 5, P<0.05 
Student’s t test; NOF = 24+ 5, P<0.05) or winter (1 Novembe 
1 March, flow = 1.5+ 1.0m? s~'; H-AI-BNC = 23 +6, P<0.05 
NO; = 26+6, P<0.1) base flow periods. These inputs resulted. 
in high levels of NO;, H-BNC and AI-BNC throughout Dart: 
Lake before summer stratification (Fig. 1). aS 

During summer stratification, NO;, H-BNC and Al-BNC 
were depleted in the upper and lower waters of Dart Lake 
resulting in a positive heterograde distribution. We attribute th 
upper water depletion to algal assimilation of NO3 (ref. 18) 01 
littoral sediment: denitrification and the lower water depletio 
to pelagic sediment denitrification. There have been reports tha’ 


ne e tint 
Table 2 Average chemical composition (wEquiv 1~') of low ionic strength waters from lake districts in eastern North America”? 










No. of 

Region samples 
Adirondack New York, USA 206 
Experimental Lakes Area, Ontario, Canada 102 
Sudbury, Ontario, Canada 208 
Churchill Falls, Labrador, Canada 13 


‘Kejjmkujik, Nova Scotia, Canada 3 


H* Ca?* soz NO; HCO}; Ref. 

12 108 135 16 25 25 
1 96 78 1 74 26 
4 273 252 2 160 27 
I 80 60 2 69 28 

18 22 76 3 0 29 









and an increase in pH values!?”°. Groundwater inflow, enriched 
in ANC, basic cations (Ca’*, Mg?*, Na*, K*), and dissolved 
silica from soil weathering reactions, could also deplete H-Al- 
BNC during summer low-flow conditions. However, we ob- 
‘served no statistically significant variations in the inlet con- 
centrations of basic cations and dissolved silica over the study 
period, suggesting that base flow input of ANC was not a 
significant mechanism of H-AI-BNC neutralization. In the 
extreme lower waters (below 12m, which is 5% of the lake 
‘volume) during stratification, transformations of Fe, Mn, DOC, 
Ca’*, and NH{ contributed to the depletion of H~BNC and 
Al-BNC in Dart Lake. However, on a whole-lake basis, nitrogen 
transformations affecting NO} concentration seem to be the 
predominant mechanism regulating short-term changes in 
hydrogen ion and aluminium in solution. 
.. The results of synoptic surveys indicate that NOS; levels are 
generally higher in the Adirondack lake district than other lake 
districts in eastern North America?’ with low ionic strength 
waters (Table 2). A difficult but critical problem is to identify 
the source of this nitrate. Johannes et al.” indicated that NO} 
Storage in snowpack from the Adirondack region is generally 
greater than SO”. Galloway et al.’ have attributed the decrease 
in the ANC that occurs in the Adirondack lake outlets during 
snowmelt, to a reduction in basic cation release from soils and 
the addition of nitric acid from snowpack. While snowpack 
nitrate undoubtedly contributes to the elevated levels observed 
in. Adirondack lake waters, decomposition and oxidation of 
Organic nitrogen within the adjacent soil may also result in the 
felease of nitrate and BNC to solutions”. 
| Because of these apparently high NOJ levels in Adirondack 
waters we wanted to evaluate the extent to which changes in 
ambient anion concentrations (SO7”, NOJ, RCOO’) result in 
changes in solution pH. To accomplish this, we simulated the 
response of Dart Lake water (Table 1) to additions and reduc- 
tions in HNO;, H,SO,, and the protonated form of naturally 
occurring organic solutes using a chemical equilibrium model’? 
‘Modest additions and depletions of NOJ resulted in significant 
-changes in pH, while Dart Lake appears to be well buffered 
with respect to changes in DOC (Fig. 2). The latter response 
. May be attributed to the relatively low density of proton dissoci- 
ation sites per mol of organic carbon and indicates that 
deprotonation of organic acids probably has not contributed 
significantly to the acidification of Dart Lake. When NO} levels 
were reduced to values comparable to other lake districts in 
eastern North America (~2 wEquiv1~') pH values approached 
“Neutrality. Like nitrate, variations in the concentration of H 2504 
¿result in an equivalent change in H-AI-BNC. Because SO?” is 
the dominant anion in Dart Lake solutions (Table 1), neutraliz- 
ation can also be accomplished by a reduction in the concen- 
tration of H,SO,. Note that in extremely acidic (pH <4.8) 
Adirondack lakes, H~AI-BNC generally exceeds NO; con- 
centrations’. Therefore surface water acidification in the 
„Adirondacks cannot be entirely attributed to HNO,, but more 
probably a combination of H,SO, and HNO; inputs. 
Although SO{” is usually the dominant anion in Adirondack 
surface waters” and in atmospheric inputs to the region”, 
additions of NO; during snowmelt and depletions of NO} 
associated with assimilation and reduction processes appear to 
be very important in regulating short-term changes in hydrogen 
ion and aluminium concentrations in an acidic Adirondack lake. 
_ Moreover, elevated levels of NO; in the Adirondack Lake 
district, compared with other lake districts in eastern North 
America, suggest that nitric acid inputs may have also con- 
ributed to the long term acidification of the region. However, 
more complete understanding of the processes controlling the 
tansport of NO; and H~AI-BNC during snowmelt is essential 
_to assess the mechanisms responsible for surface water acidifi- 
“cation. id 
"We thank L. G. Barnum, N. J. Peters, F. J. Unangst and J. 
R. White for assistance. This study was supported in part by 
the USEPA/NCSU Acid Deposition Program (APP 0094-1981). 





the net assimilation of nitrate results in the production of ANC 








This paper does not necessarily reflect the views of the EPA 
and no official endorsement should be inferred. Contribution 
no. 31 of the Upstate Freshwater Institute. 


Received 12 October 1983; accepted 9 May 1984. 


. Rosengvist, 1. T. Sur jord-surt vann, Ingenorforlaget, Osto (1977). 

. Driscoll, C, T. & Likens, G, E. Tellus 34, 283-292 (1982). 

- Kelly, C. A., Rudd, J. W, M., Cook, R. B. & Schindler, D. W. Limnol. Oceanogr. 27, 868-882 
{1982}. 


whe 


4. van Breemen, N., Mulder, J. & Driscoll, C. T. Plant Sail 78, 283-308 (1983), 

5, Gjessing, E. T, Henrikson, A, Johannessen, M. & Wright, R. F. in Impact of Acid 
Precipitation on Forest and Freshwater Ecosystems in Norway (ed. Braekke, F, H.) 64-85 
(SNSF Project As, Norway, 1976). 

6, Henrikesen, A. Nature 278, 542-548 (1979). 

7. Galloway, L N. Schofield, C, L., Hendrey, G. Ro Peters, N. J, & Johannes, A. H. in 
Ecological Impact of Acid Precipitation (eds Drablos, D. & Tollan, A.) 264-265 (SNSF 
Project, As, Norway, 1980), 

&. Glover, G. M. & Webb, A. H. Water Res. 13, 781-783 (1979). 

9. Driscoll, C. T. & Bisogni, J, J. in Modeling of Total Acid Precipitation Impacts (ed. Schnoor, 


J. L) 53-72 (Ann Arbor, Ann Arbor, 1984), 

10. Barnes, R. B, Chem. Geol. 18, 177-191 (1975). 

1. Driscoll, C. T. Int. J. Envir, Analyt. Chem. 16, 67-284 (1984), 

12. Jobnson, N. M., Driscoll, C. T., Eaton, J, S, Likens, G. E. & McDowell, W. M. Geochim. 
cosmochim. Acta 48, 1421-1437 (1981). 

13. Driscoll, C. T. & Schafran, G. C. Final Rep. USEPA/ NCSU Acid Precipitation Program 
Project APP 0094-1981 (1984), 

14. Westall, J. C., Zachary, J. L. & Morel, F. M. M, MINEQL, A Computer Program for the 
Calculation af Chemical Equilibrium in Aqueous Systems (Civil Engineering Department, 
Massachusetts institute of Technology, Tech. Note, No. 18, 1976). 

13. Leivestad, H., Hendrey, G., Muniz, L P. & Snekvik, E. in Impact of Acid Precipitation on 
Forest and Freshwater Ecosystems in Norway (ed. Braekke, F. H.) 86-111 (SNSF Project 
As, Norway, 1976). 

16, Cronan, C. S, & Schofield, C. L, Science 204, 304-305 (1979). 

17. Hagen, A. & Langeland, A. Envir. Pollut, $, 45~57 (1973). 

18. Brewer, P. G. & Goldman, J. C. Limnol. Oceanogr. 24, 108-117 (1976). 

19. Harvey, H., Pierce, R. C., Dillon, P, J, Kramer, J. R. & Welpdale, D. M. Acidification of 
the Canadian Aquatic Environment (Pubi. NRCC No. 18475, Environment Secretariat 
National Research Council of Canada, 1981). 

20, Dillon, P. 4. & Scheider, W. A, in Modeling of Total Acid Precipitation Impacts (ed. Schnoor, 
4. L.) 121-154 (An Arbor, 1984), 

21. Wright, R. F. Predicting Acidification of North American Lakes (Norwegian Institute for 
Water Research, Oslo, 1983). 

22, Johannes, A. H., Galloway, J. N, & Troutman, D. E. in Ecological Impact of Acid Precipitation 
(eds Drablos, D. & Tollan, A.) 260-261 (SNSF Project, As, Norway, 1980). 

23. Hem, J. D. & Roberson, C. E. U.S. geol Suro, Wat. Supply Pap. 1827-A (1967). 

24. Johannes, A. H. & Altwicker, E. R., in Ecological Impact of Acid Precipitation (eds Drablos, 
D, & Tollan, A.) 256-257 (SNSF Project, As, Norway, 1980). 

25. Schofield, C. L. Acidification af Adirondack Lakes by Acid Precipitation: Extent and Magnitude 
of the Prablem (USFWS Federation Aid Fish Restoration Project F-28-R, 1976). 

26. Beamish, R. 1, Blouw, L. M. & McFarlane, G. A. A Fish and Chemical Study of 109 Lakes 
in the Experimental Lakes Area, Northwestern Ontario, with Appended Reports on Lake 
Whitefish Ageing Errors and the Northwestern Ontario Baitfish Industry (Tech. Rep. 607, 
Fisheries and Marine Service Environment Canada, 1976). 

27. Conroy, N., Hawley, K. & Keller, W. Extensive Monitoring af Lakes in the Greater Sudbury 
Area [974-1976 (Ontario Ministry of the Environment, 1978). 

28. Duthie, H. C. & Ostrofaky, M. L. L Fish Res. Bd. Can. 34, 1105-1117 (1974). 

29, Kerekes, J. J. in Ecological Impact of Acid Precipitation (eds Deablos, D. & Tollan, AJ 
232~233 (SNSF Project, As, Norway, T980). 


ssiistaaiSnsstiidiah A a a a cock A a ral 


Interspecific competition is not 
a major organizing force 
in many insect communities 





Bryan Shorrocks, Jon Rosewell & Kathy Edwards 


Department of Pure and Applied Zoology, University of Leeds, 
Leeds LS2 9JT, UK 


Will Atkinson 


Department of Genetics and Human Variation, La Trobe University, 
Bundoora, Victoria, Australia 3083 





Part of the current dogma in ecology is that competition between 
species for limited resources is not only common but also a major 
organizing force in many communities’? largely because studies 
on vertebrates, particularly birds, have played a major role in 
creating the traditional framework of niche theory and resource 


partitioning”. Other workers, particularly those studying insect 


communities, have suggested that significant interspecific competi- 
tion is too rare and sporadic to be of major significance and have 
placed more emphasis on autecological processes'*-, Efforts to 
resolve the controversy have concentrated on the question of- 
whether or not competition is common in nature’. Here we show 
that even where competition can be demonstrated, it need not have 


* 


a major role in community organization. 
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Aggregation measured by & of the negative binomial 


Fig. 1 Relationship between aggregation (k) and the maximum 
value for the competition coefficient (a) of the ‘superior’ species 
which allows coexistence. Within each site, competition is mod- 
elled for each species using the equations of Hassell and Comins'® 


a(t+1)=Ajn(otl ta(n) + ayn (yy, i#j 


where n (t) and n,(1) are the numbers of each species in a breeding 

_ gite.at time t, A; is the net reproductive rate, @, is a competition 
>i coefficient and a, and b; are constants, The parameter a, is related 
‘to the population size per site at which density dependence starts 
“to. act and b, describes the type of competition: As b; increases, 
competition: becomes less contest and more scramble!®, In this 
“figure we have chosen very stringent conditions’ for coexistence 
(a= 0.4, b=1 and A between 2 and 20 for both species, a =0 for 
the inferior species). Note that, unlike Atkinson and Shorrocks’®, 

we have given a as expressed per site. 


205 


A 
ab 





No. of observations 
ua Ss 
ak. 


0 2 4 6 8 ‘10 
Estimated competition coefficient (a) 


Fig. 2 Values of œ taken from the literature for species of 
Drosophila'®-**, All values are measured in. confined laboratory 
conditions and are probably maximum valves. Species of 
Drosophila used are D. busckii, D. melanogaster, D. nebulosa, D., 
pseudoobscura, D. serrata, D. simulans and D: willistoni. 


Our conclusions stem from work on wild Drosophila popula- 
tions'*, in which the population dynamics have been modelled 
by Atkinson and Shorrocks'*. The model applies to species 
exploiting discrete and ephemeral breeding sites such as dung, 
carrion, sap flows, fallen fruit or fungi. It shows that two species 
might never exclude one another globally, despite strong local 
competition between the larvae if the competing stages are 
aggregated. In the model, each species distributes its eggs over 
the breeding sites according to a negative binomial distribution, 
which has. an exponent, k, inversely related to the degree of 
aggregation. Within each site competition is modelled using the 
competition equations of Hassell and Comins'® in which the 
competition coefficients a measure the effect of an individual 
of one species on the other. 

‘The model’s conclusions (which have been confirmed analyti- 
yn are summarized in n Fig. 1. As the degree of aggregation 
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Fig. 3 k of the negative binomial for the distribution of 23. di 
teran species in three different conditions—field observations* o 
field experiments (J.R., unpublished data) and laboratory expe 
ments (ref. 25 and B.S. and K.E., unpublished dàta). There is. no 
significant difference between the values. of k obtained from the 
three types of measurement (x? = 4.13). The laboratory experiments 
used D. immigrans and D. melanogaster, with 4m? and 9cm? 
units of laboratory Drosophila medium as oviposition sités. The 
field experiments gave data for D/immigrans, D. melanogaster and 
D. subobscura, with 4 cm? units of apple, lemon, onion and potato’ 
as oviposition sites. The field observations came from eight species 
of Australian fruit (536 items) and. used D. buzzartii, D. fumida, 
D. immigrans, D. lativatta, D.pseudotakahashii, D. simulans, D. 
spacensis. Additional dipteran. species. came from. the- 
Anisopodidae, Chironomidae, Chloropidae, Sphaerocerida 

Muscidae, Psychodidae, Ceratopogonidae and Empididae: 


increases, it becomes harder for the superior species to-exclud 
the other. Moreover, given the typical values. of a in Fig: 
is obvious that when the potential competitors are highly aggre 
gated {k <T), global competitive exclusion is virtually impos 
sible.” We have measured k of the negative binomial for t 
immature stages of 23 dipteran species including 12..Drosoph 
and the results are summarized in Fig. 3. Of the 108 (32 fiel 
values of k, 94 (28 field) are less than 1. 

The conclusion from combining the parameter values in: Fig 
2 and 3 is that Drosophila species will rarely exclude one anothe 
in nature even if they show no traditional resource partitionin 
and. compete most. strongly. The most important paramete: 
determining global coexistence is not a, the local competitior 
coefficient, but k, which is a spatial parameter. Furthermore; if 
the superior competitor is removed from our computer simula 
tion, the competitively inferior species responds by increasing 
its numbers. Thus, the removal experiments collected b 
Schoener’, although providing evidence for the presence o 
competition in natural communities, do not necessarily impl 
that competition is present and is a major organizing force. in 
community. structure. 
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A rich diversity of ancient sea urchin lineages survives to the 
present. These include several advanced orders as well as the 
idaroids, which represent the group ancestral to all other sea 
rchins. Here :we shew that all advanced groups of sea urchins 
examined possess in their eggs a class of maternal messenger RNA 
(mRNA) encoded by the evolutionarily highly conserved a-subtype 
histone genes. The maternal histone mRNAs are unique in their 
‘time of accumulation in oogenesis, their localization in the egg 
-nucleus and their delayed timing of translation after fertilization. 
_ Cidaroid sea urchins as well as other echinoderm classes, such as 
starfish and sea cucumbers, possess the genes but do not have 
maternal a-subtype histone mRNAs in their eggs. Thus, although 
all the echinoderms examined transcribe a-subtype histone genes 
during embryogenesis, the expression of these genes as maternal 

„mRNAs is confined to advanced sea urchins. The fossil record 
“allows us to pinpoint the evolution of this mode of expression of 
-a@-histone genes to the time of the splitting of advanced sea urchin 
‘lineages from the ancestral cidaroids in a radiation which occurred 
in a relatively brief interval of time ~ 190-200 Myr ago. The origin 
of a unique gene regulatory mechanism can thus be correlated 
‘with a set of macroevolutionary events. 

A modern phylogeny’ of the major groups of sea urchins is 
resented in Fig. 1. There was a dramatic and rapid radiation 
of new echinoid orders in the last 5-10 Myr of the Triassic’. 
“The major events were the origin of the living cidaroids 
(Cidaridae), the diademids (Diadematacea) and the advanced 
regular echinoids (Echinacea), The diademids gave rise to a 
omplex group of irregular sea urchins in the Jurassic. The 
Echinacea include three orders which contain genera frequently 
sed for embryological and molecular investigations: Arbacia 
(order Arbacioida); Lytechinus (order Temnopleurida); and 
Paracentrotus, Psammechinus and Strongylocentrotus (order 
Echinoida). Furthermore, most old orders of sea urchins still 
‘survive. Thus, molecular phylogenetic studies can be carried out 
-On echinoid groups of various evolutionary ages which have 
readily available living representatives and reasonably well- 
defined evolutionary relationships based on the fossil record. 

c Sea urchins possess several families of developmentally regu- 
lated histone genes**. During development, the temporal 
equence of synthesis of histones begins with cs-subtype 

(cleavage stagg) histones synthesized from fertilization for the 
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first few cleavages. This is followed by massive synthesis of | 


a-subtype histones until the blastula stage when a-histone syn- 
thesis ends, giving way to synthesis of late subtypes. There are 
distinct, separate sets of genes for each of the subtypes®’ 

We examined the histone genes and their patterns of 
expression in a variety of echinoderm species to compare the 
use of a gene set among different orders of known evolutionary 
relationships. We used labelled probes prepared from clones of 
individual a-histone-coding sequences from Strongylocentrotus 
purpuratus. We first established that the genes in all echinoderms 
examined are, in fact, both evolutionarily homologous and 
conserved. Two criteria were used: DNA sequence conservation 
and presence of topologically similar tandem gene clusters. 

One might expect the histone genes of species that are separ- 
ated by a long evolutionary period to be highly diverged’. 
Instead, we found that hybrids between H3 genes of S. pur- 
puratus with DNA of the cidaroid Eucidaris tribuloides (diverged 
200 Myr ago) or the starfish Asterias forbesi (diverged > 500 Myr 
ago) are only about 12% divergent in sequence. This degree of 
divergence is similar to that between H3 or H4 genes of 
Lytechinus and Strongylocentrotus whose lineages split ~80 Myr 
ago (ref. 8 and our unpublished data). This effect i is similar to 
that observed in preproinsulin and globin genes’, and implies 
that the genes are under potent selective constraints for both 
nucleotide and protein sequence. This had the practical con- 
sequence that there was strong hybridization of probes to all 
species used. 

The a-histone gene cluster has been cloned and mapped for 
several sea urchins of the orders Echinoida and Temno- 
pleurida**®. We have determined the organization of the core 
histone genes in the clusters of two phylogenetically important 
species (Fig. 2). The starfish A. forbesi was used as a representa- 
tive of a non-echinoid echinoderm class, while E. tribuloides 
was taken as a representative of the cidaroid root stock of all 
modern echinoids. Both species have tandemly repeated clusters 
(on the order of a few hundred) of a-histone genes. The topology 
of the E. tribuloides cluster is like that of S. purpuratus. The 
starfish A. forbesi has a similar a-histone gene cluster but with 
a somewhat different topology (the H3 gene lies between the 
H2B and H4 genes; Fig. 2). 

Expression of a-histone genes has been well defined for the 
sea urchin S. purpuratus (order Echinoida; Fig. 3a). The unfert- 
ilized egg of S. purpuratus contains a complex set of mRNA 
species, each present in a few thousand copies per egg, which 
are synthesized and accumulate throughout oogenesis'*'’, These 
mRNAs are present in the egg cytoplasm as mR NPs and remain 
almost entirely untranslated in the egg, which exhibits only a 
slow rate of protein synthesis. Immediately after fertilization, 
maternal mRNAs begin to enter polysomes and are trans- 
lated'>®, In contrast, the a-histone mRNAs do not enter poly- 
somes until 1.5-2h post-fertilization, at the first mitotic 
cleavage'*:'*. This temporal delay in a-histone mRNA recruit- 
ment is linked to a unique localization of maternal a-histone 
mRNAs in the female pronucleus of the egg'*"'’. These mRNAs 
are retained in the nucleus after fertilization until the time of 
breakdown of the nuclear membrane at first cleavage. The a- 
histone mRNAs, unlike other maternal mRNAs, accumulate in 
eggs only after the completion of meiosis. Arbacia punctulata 
(order Arbacioida) and Lytechinus pictus (order Temno- 
pleurida) exhibit similar behaviour’®. Representatives of two 
other distinct major groups of sea urchins (shown in Fig. 1) 
also store maternal a-histone mR NAs—these are Diadema antil- 
larum (order Diadematoida; data not shown) and the sand 
dollars Dendraster excentricus, Clypeaster subdepressus and 
Echinarachnius parma (all order Clypeasteroida; Fig. 3d). 

Figure 3c shows that, like advanced sea urchins 
E. tribuloides embryos transcribe the a-histone genes for a few 
hours during cleavage, with a peak of mRNA accumulation at 
9h, but, unlike the other major groups of sea urchins, a-histone 
mRNAs are absent from eggs. 

As the major sea urchin lineages have been distinct for about 
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190 Myr, it seems that the regulatory mechanisms responsible. 














CIOARACEA DIADEMATACEA IRREGULARIA 


ECHINACEA 
T 0 
< 4 
g S 3| ja {8 
TERTIARY ü o & 3 = 1S 
< q od om x z= 
S = -o g a Jz 
tes Je 3 á 2 a g 
a a à a © 
& 5 5 = 
CRETACEOUS a Ta 
+136 
JURASSIC Z- = 
+190 AA st Peat aS tm 
TRIASSIC a an 





a 


Phylogenetic relationships of major groups of sea urchins 
and their times of origination (simplified from ref. 1). 


Fig. 1 


H2A H2B H3 H4 
Fig. 2 Maps of a-histone repeat units of the primitive sea urchin 
~ E. tribuloides (a) and the starfish A. forbesi (b). Procedures for 
nick-translations, blots and hybridizations were as described in 
ref, 26. Sea urchin (S. purpuratus) histone clones used were 
= pLK-93a (H2B), pLK 98a (H3)"°?’, pCO2S1+ (H2A), and 
pCO2H4+ (H4) and pCO2 (entire repeat)** were used to probe 
restriction enzyme. digests of whole genomic DNA. Sperm DNA 
from a single male of each species was used for whole-genomic 
blots. Restriction enzymes used were: A, Xbal; B, BamHI; H, 
Hindili; I, Hincll; L, Sall; P, Pstl; R, EcoR1: V, Poull. 


for maternal histone mRNA expression arose at the time of 
divergence. The cidaroid pattern may thus represent the ances- 
tral pattern. If so, this pattern should be shared by other classes 
of echinoderms. The experiments discussed below established 
that this is, in fact, the case. Both the fossil record and sequence 
divergence of 5S RNAs indicate a divergence time for sea urchins 
from starfish and sea cucumbers of at least 500 Myr™”?. Mater- 
nal a-histone mRNAs are undetectable in eggs of the starfish 
A. forbesi (Fig. 3b) and the starfish Pisaster ochraceus (M. Smith, 
personal communication), but the a-histone genes are tran- 
scribed during development similarly to E. tribuloides (Fig. 3). 
We have observed a tandemly repeated a-histone gene cluster 
in the sea cucumber Thyone briareus, but no maternal MRNA 
is detectable (data not shown). 

We have proposed previously that evolutionary change results 
from changes in genes which govern developmental processes”*. 
The evolution of the novel pattern of a-histone gene expression 
documented here appears to represent a modification of such 
regulatory genes operating in a developmental pathway. The 
changes in the expression of a conserved set of structural genes 
shown here correlate well in time with the great morphological 
radiation of sea urchins and may represent one of a suite of 
changes in developmental regulatory genes at that time. Other 
Significant differences between the early development of 
cidaroids and echinoids (notably in the origin of primary 
mesenchyme)” are consistent with this hypothesis. 
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Fig. 3 Levels of a-histone mRNAs in eggs and embryos. a, 
S, purpuratus (H3 probe); b, A. forbesi (H1 probe): c, E. tribuloides“ 
(entire cluster probe); d, D. excentricus (H3 probe). For all species,- 
E indicates unfertilized eggs; numbers indicate hours of develop- 
ment. Developmental parameters were: a, 13°C/hatched blastula 
22h, gastrula 30h; b, 18°C/hatched blastula 13 h, gastrula 22h; 
c, 24 °C/hatched blastula 9 h, gastrula 22 h; d, 10 °C/hatched blas- 
tula 21h, gastrula 36 h. In ¢ the autoradiograph was overexposed 
to show the lack of signal in egg RNA. 

Methods: RNA extractions, blots and hybridizations were as 
described in refs 13 and 26. D. excentricus eggs were fixed in 5%. | 
formaldehyde in seawater (pH 7.5) and stored in 70% ethanol at 
4°C or ~20°C, then deproteinized with 0.5 mg ml”! proteinase K 
in 0.1 M NaCl, 5 mM EDTA, 25 mM Tris pH 7.4, at 37°C for th 
before phenol extraction. For any species, equal amounts of RNA 

were loaded on each lane as determined by rRNA, 


The observations made here also point to a possible use for 
evolutionary changes in the regulation of structural gene 
expression for phylogenetic interpretations. Studies in molecular 
evolution typically involve comparisons of protein or nucleic 
acid sequences. Assuming a constant rate of sequence evolution, 
phylogenetic trees can be constructed based on degree of diver- 
gence of a homologous sequence, and such trees generally 
correspond well with trees based on more classical criteria. 
However, many groups, including living orders of sea urchins, 
had their origins in relatively rapid radiations. Dissection of 
relationships by molecular methods based on sequence diver- 
gence will be difficult if the radiation is remote in time, as a 
rapidly evolving sequence useful for analysis of short time period 
events will fix so many further mutations and back mutations: 
in the long period that has elapsed since an old radiation 
occurred, that evolutionary relationships will beobscured. Thus; 
there is far less phylogenetic information to be derived from the 
histone gene sequences, in this case, than from their: patterns 
of expression. 
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Light adaptation is the adjustment of retinal response properties 
to variations in ambient illumination. It enables the encoding of 


_ yisual information over a millionfold intensity range, from moon- 


light to broad daylight, despite the relatively small dynamic range 
of response of visual neurones. We have studied the effects of light 
adaptation on the dynamics and sensitivity of visual responses of 
neurones in the turtle retina, by measuring the responses of 
horizontal cells in the retina to light which was modulated with a 
sinusoidal time course around various mean levels. As a quantita- 

ve measure of the transduction from light to neural signals, we 
calculated the gain of response at each frequency. Gain is defined 
as the amplitude of the modulated response component divided by 
the amplitude of light modulation. We report here that the gain 
(mV photon”) at low temporal frequencies decreased as the mean 
light level increased. Over a 2 log-unit range of mean light levels, 
low-frequency gain was inversely proportional to the mean light 
leyel, as in Weber’s law. However, at high temporal frequencies, 
the gain was almost independent of mean light level. Our results 
are reminiscent of Kelly’s’ results on human temporal-frequency 


_ Sensitivity in various states of light adaptation. We found that a 


family of horizental-cell temporal frequency responses, measured 
at various mean light levels, could be accounted for by a negative 
feedback model in which the feedback strength is proportional to 


- mean light level. 











Recent physiological experiments indicate a hierarchy of 


retinal adaptation mechanisms at various sites within the retina’. 


In the turtle retina, one site of adaptation is located in individual 
cones**, Here we analyse light adaptation in luminosity horizon- 
tal cells of the turtle retina; these cells. receive synaptic input 
almost exclusively from 630 nm cones’? and make feedback 
synapses with these cones'”''. Turtle horizontal cells respond 
approximately linearly to modulations of illuminance around a 
mean level!*:'?. Therefore, their response properties, at any given 
mean level, can be characterized by a temporal frequency 
response. A good measure of light adaptation is change in the 
temporal frequency response as the mean light level varies. 

The physiological preparation, and most of the materials and 
methods used, have been described previously'*. Intracellular 
recordings were obtained from luminosity horizontal celts in 
eye-cup preparations of Pseudemys scripta elegans (nine cells) 
and Chelydra serpentina (three cells). 

Figure | shows frequency responses measured at five mean 
light levels spanning a range of 4 log-units; response gain and 
phase are plotted in a and b, respectively. The symbols represent 
experimental data, and the curves are given by the feedback 
model described below. The uppermost gain curve corresponds 
to the lowest mean light level. As the mean light level increases, 
the gain of low-frequency responses decreases. Over a range of 
high mean light levels, the gain at low frequencies is inversely 
proportional to the mean; this behaviour is a physiological 
analogue of Weber's psychophysical law. It implies that, over 
a range of high light levels, the amplitude of a low-frequency 
response is constant for a fixed contrast of stimulus (see, for 
example, ref. 2). High-frequency responses, however, behaved 
in an entirely different manner. The gain at high frequencies 
was approximately independent of mean light level; the family 
of gain curves tends towards a common high-frequency 
asymptote. 

The family of phase curves shows, at the lowest modulation 
frequency (0.125 Hz), a phase near zero at all mean levels. At 
an intermediate frequency, the various phase curves are dis- 
tinctly separated. The phase lag was greatest for the lowest mean 
light level. This observation is consistent with the qualitative 
notion that greater phase lag corresponds to a slower response 
at lower mean light levels. However, the phase curves converge 
again at high frequencies, as do the gain curves (Fig. 1). The 
convergence of the gain curves to a common high-frequency 
asymptote and the dependence of low-frequency gain on mean 
light level are suggestive of a feedback system in which the 
strength of feedback depends on mean light level and in which 
the feedback dies out at high frequencies. 

The frequency responses in Fig. | can be accounted for in 
detail by the simple feedback model depicted schematically in 
Fig. 2. The response of the system is determined by a feed- 
forward and a feedback signal. The dynamics of feed-forward 


and feedback are characterized by the frequency responses A(f) ., 


and B(f), respectively, where f is temporal frequency. A( f) 
and B(f) do not depend on the mean light level, Jy. The critical 
feature of this model is that the output of the feedback filter is 
multiplied by the mean light level. The frequency response, 
H(f, lo), of this model is given by 


Af) 


HU be) TT BG) 


(1) 


The salient consequences of equation (1) are as follows: (1) 
When the mean light level, J, is low, H(f, Io) is approximately 
given by A(/), independent of J) because the term 1,B(/) is 
small compared with |. In other words, A( f) is the low-light 
limit of the temporal frequency response. The —3 log-unit gain 
curve is close to the —4 log-unit curve (Fig. 1) because 1, B(f) 
is still small compared with 1 at the —3 log-unit level. (2) When 
the frequency f is large, the frequency response H (f, Io) is again 
approximately given by A( f ), independent of Ia. This is because, 
at high frequencies, B( f) is small, and the term [,B(f) is small 














‘compared with. |, even for moderately large To. Figure 1. reflects 
this feature by the fact that the family of gain curves tends 
towards a common high-frequency asymptote. (3) At low 
frequencies, and high mean light levels, gain is inversely propor- 
tional to mean light level. This is because, in these conditions, 
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Figo 1 A family of temporal frequency responses measured at 
“mean light levels of ~4 log units (MI), ~3 log units (©), —2 log 
“units (A), ~i log unit (C) and 0 log units (@). Symbols. plot 
experimental data, and the continuous lines are given- by equation 
(1) of the feedback model (Fig, 2). a, The relative response gain 
is plotted as a function of temporal frequency on log-log coordin- 
ates. b, The phase of the response is plotted as a function of 
temporal frequency on linear-log coordinates. Corresponding gain 
and-phase for a given mean light level are plotted with the same 
symbol. The light stimulus was of the form [(?) = 1, +], sin (2aft), 
where t is time, f is frequency in Hz, Ip is the mean light level and 
4, is the amplitude of the sinusoidal component. The response was 
approximately of the form'*!* R(t)=R,+R, sin Qaft +8). The 
gain of the response, g( f, Jy), is given by R,Cf Ip)/1;, and 0( flo) 
is the measured phase of the response. Relative response gain is 
defined as g( f Iọ)/8mar, Where gmax is the largest gain measured 
over all frequencies and mean light levels. The temporal frequency 
response, H(f, Io), is defined by H(f, Ip) = gf; To) exp [iði Ip). 
The continuous lines were computed from equation (1) of the 
feedback model using the frequency responses A(f) and B(f) 
that are plotted with continuous lines in Fig. 3. The deviation of 
the model from the data (A) at a frequency of 4 Hz-and at the —2 
Jog-unit mean light level is a common feature of several other data 
sets. The simple feedback model proposed here will have to be 
modified to give agreement between theory and experiment at this 
frequency and mean light level. 
Methods: The light source used to measure frequency responses 
was a red light-emitting diode (LED; Stanley Hi-Super Brite, 
H500). The LED was placed behind a diffuser ~2 inches from the 
retina. Its intensity (mean and modulating component) was con- 
trolled by a servo circuit, in which the command signal was pro- 
vided by a microcomputer, and the intensity of the LED’s light 
was monitored by a photomultiplier. The irradiance produced by 
the LED in the retinal plane was measured with a spec- 
trophotometer (Photo Research 1980b). The spectral peak of the 
light was at 670 nm. The density of photons falling on the retinal 
“plane, at the highest mean light level used in this study (referred 
‘to as the 0 log-unit level) was 2.3 x 10°? photons per cm’, and 90% 
: of these Photons į were in the 640-690 nm range. 
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Fig. 2 Schematic diagram of the feedback model used to fit the 
data in Fig. 1. This circuit describes how the modulated component. 
of spatially. uniform. light is transformed by the cone-horizontal 
cell network when the mean light level is Jy. The circuit comprises 
two transducers (represented by the boxes). The frequency 
responses of the feed-forward and feedback transducers are A(f 
and B(/), respectively, The gain of feedback is adjustable and is 
proportional to the mean light level. The adjustable feedback gain 
is denoted in the figuré by a multiplication of the output of the: 
feedback transducer by the mean light level, Jp. The frequency 
response of this-model is given by equation (1). 


the term J,B(/) is large compared with 1, and the frequen 
response H(f, Jy) is approximately given by (1/1,)A(/)/ BC 
Figure 3 shows the frequency responses A( f) (a, b) and BES) 
(c, d) which gave-the best fit of equation (1) to the experimental 
frequency responses in Fig. 1. 

The fact that the feedback model accounts well for the data 
in Fig. 1 implies that the mechanism underlying light adaptation 
in turtle horizontal cells is equivalent to feedback whose strength 
is adjusted to be proportional to the level of illumination. It is 
logical to ask what is the physical nature of this feedback, We 
believe it is not neural feedback from horizontal cells to cones, 
principally because our preliminary measurements in con 
show that the feedback model accounts for light adaptation 
even in conditions where neural feedback has been minimize 
Therefore, light adaptation in turtle horizontal cells probably 
reflects chemical feedback within the phototransduction process 
in cones’? 

If-this hypothesis is correct, then any model for phototrans- 
duction in cones can be tested by determining whether it gives 
a frequency response which is approximately of the form shown 
in equation (1). A ‘previous model for light adaptation in turtle 
cones’ is inconsistent with our data and with our model because 
it does not give Weber’s law at low frequencies and high light 
levels?. Ours is the simplest model which accounts for the major 
features of light adaptation in the outer plexiform layer of the 
turtle retina. 

Our family of temporal frequency responses (Fig. 1) is similar 
to Kelly's’ family of human temporal-frequency sensitivity cur- 
ves measured psychophysically at various states of light adapta- 
tion. Chappell et al% studied light adaptation in turtle horizontal 
cells using techniques of Wiener analysis; they obtained results 
consistent with ours and have also noted the similarity between 
data for horizontal cells and Kelly’s psychophysical data. 

We acknowledge the helpful advice and insfght of Charles 
Peskin and Bruce Knight. We thank Michelangelo Rossetto for 
designing and building the LED stimulator device, and Norman 
Milkman and Gary Schick for designing, building and maintain- 
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Fig. 3 a, b, Temporal frequency response of the feed-forward 
pathway A(/) in the feedback model (see Fig. 2). The values of 
gain (a) and phase (b) which gave the best fit of equation (1) to 
the data in Fig. | are plotted with solid symbols. The continuous 
lines are given by a multi-stage low-pass filter with a frequency 
response of the form A(f) = Au + i2mfr,) (1 +i2afr.)”’, where 
7,=46ms and 7,=5.4ms, The absolute magnitude of A, was 
~4 x107!" mV s cm? per photon. c, d, Frequency response of the 
feedback loop (open loop, when J, = 1). Best-fit values of amplitude 
(c) and phase (d) are plotted with solid symbols. Continuous lines 
are given by a multi-stage filter with a frequency response of the 
form B(f) = B +i2afr,)U +2 af, A taf OA +inf), 
where 7, = 12.7 ms, 7, = 6.8 ms, r, = 0.4 ms, and 7,= 76.3 ms. The 
value of 1,B, was ~900 at the 0 log-unit mean light level. The 
best-fit values of the frequency responses A(f) and B(f) were 
determined by fitting equation (1) to the data (Fig. 1) using a 
least-squares method at each frequency separately. 
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In gap junctions, identical membrane proteins are linked up in 
pairs (dyads) that bridge the extracellular space between two 
apposed cell membranes’. Typically, several thousand of these 
dyads are aggregated in the plane of the membranes and form a 
junctional plaque with a distinct boundary. The question thus arises 
as to what maintains the dyads in an aggregated state. From a 
statistical mechanical analysis of the positions of dyads in a 
freeze-fracture electron micrograph, we report here that the aggre- 
gates are not maintained by an attractive force between pairs of 
dyads, but probably by the minimization of the repulsive force 
between apposed membranes. On the basis of this analysis we 
present a model for the structure of mature gap junctions as well 
as certain aspects of the formation and disassembly of gap junc- 
tions. 

Freeze-fracture electron microscopy of tissue that has been 
rapidly frozen by the method of Heuser and Reese’ reveals to 
a good approximation the in vivo distribution of intramembrane 
particles’. Figure 1 shows a part of the electron micrograph of 
a gap junction in mouse liver that forms the basis of our analysis. 
As there is strong evidence against cytoskeletal attachment to 
dyads*’, it is plahsible to assume that dyads are free to move 
laterally in the two junctional membranes and that aggregation 
into plaques is an equilibrium condition that reflects. attractive 
forces among dyads. But before such a ‘fluid mosaic’ model can 
be satisfactory, the nature of the forces that maintain the aggre- 
gated state must be elucidated. 

There is a rigorous and well developed theory of fluids that 
relates the forces between particles (molecules) to statistical 
distributions of relative particle positions®. In our statistical- 
mechanical analysis we have used the pair distribution function, 
g(r), which is a measure of the frequency of finding a second 
particle at a point a distance r away from a given first one. 
Previous studies of electron micrographs to determine interac- 
tions between membrane proteins have been limited to analyses 
of g(r)”""". As g(r) does not in practice uniquely determine the 
pair force, these studies have necessarily been qualitative and 
indirect. 

To overcome this difficulty, we have in addition used a triplet 
distribution function, p(s, @; r), which measures the frequency 
of encountering a particle at polar coordinates (s, 6) with respect 
to a given pair of particles separated by r. (See the insert in Fig. 
1 for the coordinate system.) . 

The relation between the pair and triplet functions and the 
effective force between pairs of particles, f(r), is given by the 
Born—Green-Yvon (BGY) equation’: 


w fr 
er TEN eaf | f(s) cos (@)p(s, 0; r)s d ds 
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É a) 


The left-hand side of the BGY equation may be seen to represent 
the statistical mean force, F(r), acting on a particle when there 
is a second particle a distance r away by relating g(r) to a 
potential, W(r), according to the Boltzmann distribution, g(r) = 
exp (~ W(r)/kT); then 


d(W(r)) dilin (g(r))] 
dr i dr 


The BGY equation states that this total force arises from two 
sources: the direct force between the two particles, f(r), and 
the forces from all other particles (the integral). The integrand 
weights the component along r of the force exerted on the first 
particle from these other particles, f(s) cos (8), by their avérage 


F(r)= 
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Fig. 1 Freeze-fracture electron micrograph of part of a gap 
junction from mouse liver, in the open conducting state. This 
micrograph was made as part of a study by Raviola et al“. The 
gap-junction proteins are seen to be aggregated into a plaque 
(arrow), at a density of 9,330 particles per pm? and an average 
separation of ~-10-nm. Particles of similar size in the neighbouring 
membrane are much more disperse. The inset shows the polar 
coordinate system used in the analysis of triplet molecular distribu- 
tions. 


number at (s, 8), p(s, 8; r). The integral extends over the whole 
membrane, but contributions to it are small for s larger than a 
few molecular diameters. 

The integral over @ can be performed as part of the data 
acquisition; this reduces the term to a function of r and s that 
isthen tabulated over bins of non-zero width (the integral over 
s is then approximated as a Riemann sum). The BGY equation 
reduces to'a system of linear equations with the tabulated force 
as its unique solution. Tabulating the many triplet configurations 
isa formidable computational task, but it can be made manage- 
able by using suitable algorithms (J.B., J.R.A. and J.C.O., in 
preparation). To test our method, we performed a Monte Carlo 
simulation of a simple two-dimensional fluid and recovered the 
correct forces (attractions as well as repulsions) from samples 
of the molecular positions (J.B., J.R.A. and J.C.O., in prepar- 
ation). For the gap junction, the calculated force contains the 
influences of unobserved degrees of freedom (for example, lipid 
positions and dyad orientations) and multi-body interactions 
among dyads in an averaged manner. To reflect this fact, we 
refer to it as an effective pair force. 

Figure 2 shows g(r) calculated for the dyads in the plaque 
in Fig. 1. Its functional shape is typical of simple fluids, The 
calculated force between dyads, given in Fig. 3, is entirely 
repulsive (that is, positive); its range is ~12 nm, well beyond 
the distance at which dyads are in direct contact, which we 
estimate at no more than 7 nm, based on electron microscopy’. 
Several contributions to this force are conceivable, including 
the effects of intervening lipids. However, volume exclusion at 
5-6 nm, together with electrostatic repulsion due to the order 
of 10 elementary charges per dyad, provides the simplest and 
best quantified accounting of the observed force; it is also 
consistent with the suggestion’ that the tighter aggregation and 
crystallization observed when the dyads bind cations and close 
their pores is due to a reduction of electrostatic repulsion. 

The fact that our analysis leads to a simple, physically inter- 
pretable force is in itself significant. If the distribution of dyad 
positions were the result of cytoskeletal anchoring, the calcu- 
lated force would probably be highly unphysical. Our results 
thus provide additional evidence that gap junctions represent 
the equilibrium state of dyads and reflect the forces that act 
between them..At the same time, our result rules out effective 
attractions: between individual dyads (such as the proposed 
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Fig. 2. Pair distribution function, g(r), for dyads inside the plaque 
in Fig. 1. The uncertainties in digitizing the positions of the centres 
of the dyads lie in the range 0.5~1.0.nm. The error envelope (dotted ` 
line) represents the standard deviations obtained by performing 
the analysis separately on two parts of the plaque, containing a 
total of 4,319 dyads. Information contained in g(r) includes the 
effective diameter of the dyads (the range where g(r) is close to” 
0), the predominant first neighbour separation (the position of the. 
first peak), and the radial decay of order in successive shells of ~ 
neighbours about each dyad (the damped oscillatory behaviour.” 
of g(r)). : 
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Fig. 3 Effective pair force, f(r) (@), between dyads in the plaque 
in Fig. 1, computed using the BGY equation. The force was divided 
by the thermal Boltzmann energy, kT, where T ~310 K. The error 
bars for the force were obtained as in Fig. 2. In the range 25-50 nm 
(not shown) the force is small; the extremes are —0.21 and 
+0.17 nm7!, with error bars ~0.1 nm7'. Considering the statistical .. 
fluctuations in the data and the accuracy of the numerical methods, 

there is little evidence that the true force differs significantly from. 
zero in the extended range. The dotted line shows the effective 
pair potential, u(r), obtained by integrating the force over r;:this . 
is the pair energy required to compress two dyads from a reference 

separation of 25 nm in the plaque. 


specific binding between gap-junction proteins)* that could have’ 
explained why dyads are aggregated in plaques. One can, 
however, imagine several ways in which dyads could aggregate” 
without pair attractions acting inside the plaque. Such mechan 
isms might arise from the bending elasticity of membranes’ or. 
from attractions between proteins due to perturbations of nearby” 
lipids", 

The mechanism that we find most satisfactory is illustrated 
schematically in Fig. 4: when a dyad is formed by linking 
gap-junction proteins in two apposed membranes, surroundin, 
areas of membrane are drawn to within 2 nm of each other’ 
In the process, the mutual repulsion of the membranes, partly. 









































<. Fig. 4 Hypothetical mechanism of dyad cohesion (schematic). 

The escape of a dyad from an aggregate (a > b) increases the area 

of energetically unfavourable close apposition of the membranes. 

This provides the driving force for the cohesion. For dyads within 
the aggregate, however, the force largely vanishes, 


electrostatic in nature, must be overcome’’. The total energy 
expended in overcoming this repulsion is minimized when the 
area of close apposition is minimized—that is, when the dyads 
ggregate. We estimate that the electrostatic repulsions alone 
are sufficiently strong to maintain the observed density of dyads 
{J.B., J.R.A. and J.C.O., in preparation). 

< The total area of closely apposed membrane would, however, 
è largely independent of the positions of the individual dyads 
in the junction. Accordingly, dyads in the bulk of the junction 
would not experience this attraction. Isolated pairs of dyads 
would experience it, as would dyads crossing the boundary of 
the junction. 

This mechanism requires that the two halves of a dyad be 
bonded quite strongly. The appose ` halves of gap junctions are, 
in fact, difficult to separate’®. 

Our model can also explain certain aspects of the formation 
nd disassembly of gap junctions: the formation of conducting 
dyads precedes the appearance of aggregates of intramembrane 
particles in Novikoff hepatoma cells that have been dispersed 

nd then allowed to reaggregate’”. In the same system, disperse 
assemblies of intramembrane particles appear to develop into 
aggregated ones'*. After dissociation of the cells, gap junctions 
in-which the second membrane is still present (albeit torn loose 
from its cell) remain intact for some time, whereas intramem- 
brane particle assemblies apparently disperse where dyads have 
been split'®. 

«Based on our knowledge of the effective force with which 
dyads interact, we have outlined how gap junctions may main- 
in their structure: dyads that repel each other remain aggre- 
gated because of a requirement to minimize the area where 
embranes approach each other closely. Finally, we note that 
p junctions vary considerably among tissues and species'”. 
remains to be seen to what extent the forces that we have 
observed in a mouse liver gap junction operate elsewhere. 
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The use of Gurdon’s' Xenopus oocyte translation system has 
allowed the production of neurotransmitter receptors in a foreign 
cell membrane, following the translation of microinjected mRNA 
isolated from various sources” *. This very accessible and relatively 
simple preparation permits the study of the requirements for 
receptor—ionophore function, assembly and membrane integration. 
This analysis is presently feasible for the peripheral nicotinic 
acetylcholine receptor’, the chick brain y-aminobutyrate 
(GABA) receptor“ and the rat brain serotonin receptor’. We now 
report the novel and successful expression of the GABA, glycine, 
glutamate and related acidic amino acid receptors of mammalian 
brain, and show that they exhibit pharmacologically separate 
identities when their mRNAs are processed in the amphibian 
oocyte. 

mRNA was extracted from day 14 Wistar (WA/KIR) rats 
using a guanidinium thiocyanate method®. Poly(A) mRNA was 
isolated by oligo(dT)—cellulose chromatography and injected 
into Xenopus laevis oocytes (~40 ng per cell) as previously 
reported*. After microinjection of the mRNA, cells were main- 
tained in an incubator at 21 °C for 24h before recording. They 
were superfused at room temperature (20~23 °C) with frog Rin- 
ger containing (mM): NaCl 118; KCI 1.9; CaCl, 2.0; Tris 2.5 
buffered to pH 7.4 with | M HCI. All drugs (BDH or Sigma) 
were dissolved and applied in this medium. This study was 
based on data obtained from 47 cells chosen from 4 injected 
batches of oocytes. Recording conditions and the two-electrode 
current clamp were as previously described‘, 

All injected oocytes examined responded to bath-applied 
GABA and glycine by changing their resting membrane potential 
and conductance; control, non-injected cells showed no sensitiv- 
ity to these neutral amino acids. Both GABA (2-640 pM) and 
glycine (20 pM--1.6 mM) evoked a ‘smooth’ membrane potential 
depolarization (compare with the oscillatory responses to 
acetylcholine’ obtained in uninjected oocytes, and also 
serotonin’ and, in this work, glutamate in mRNA- injected 
oocytes) which was coupled with an increase in membrane 
conductance (Fig. 1b). These responses to GABA and glycine 
were quite reproducible, enabling dose-conductance curves to 
be constructed (Fig. la); GABA was invariably more potent 
than glycine (2~20-fold, dependent on individual oocytes). The 
low dose thresholds suggest a minimal influence of uptake 
mechanisms on the responses, although individual GABA... 
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Fig. 1 a, GABA and glycine dose-conductance curves in the 
presence and absence of 10M strychnine. Data were obtained 
from a single oocyte by applying control doses of GABA (@) and 
glycine (A) in the absence of strychnine and then repeating these 
in the presence of 10 pm strychnine (O, A, respectively). Note the 
small lateral shift in the GABA curve and the marked “non-competi- 
tive’ depression of the glycine curve in antagonist solution. The 
amino acid evoked input~conductance change (AG,,,,) was uncor- 
¿fected for membrane rectification: b, Membrane. conductance 
=changes evoked by bath-applied GABA (lower traces) and glycine 
(upper traces) in a single oocyte, Downward deflections are hyper- 
polarizing electrotonic potentials recorded in response to d.c. cur- 
rent injection (20 nA, 1s duration, 0.25 Hz). Upward deflections 
of the baseline indicate membrane depolarizations induced by 
GABA or glycine applied during periods indicated by the bars. 
Resting potential, -70 mV. GABA produces a greater maximal 
conductance change than glycine. Desensitization is more apparent 
in the GABA traces (compare 80 uM GABA with 200 uM Gly). 
The evoked conductance changes were largely attributable to the 
amino acids and not solely due to membrane rectification as shown 
by the end response in the lower trace, where d.c. current depolar- 
ized the cell to match an equivalent GABA response (160 pM 
GABA) but exhibited a much smaller conductance change. 


responses always exhibited a rapid fade or desensitization, as 
frequently seen in rat central nervous system (CNS) neurones 
(a feature not observed with responses from chick brain GABA 
receptors expressed in oocytes’). Equivalent glycine responses 
exhibited less desensitization. 

When the membrane potential was progressively depolarized 
by current injection, previously matched responses (depolariz- 
ations) to doses of GABA and glycine decreased in amplitude 
and eventually reversed at approximately —25 mV (Fig. 2). This 
reversal potential corresponds very closely with the chloride 
equilibrium potential in these cells’, suggesting that (as expec- 
ted) chloride ions probably mediate both the GABA and glycine 
responses. 

The apparent conductance changes produced by GABA and 
glycine were enhanced in the depolarizing direction by mem- 
brane rectification. Oocytes injected with mRNA seemed to 
exhibit a more pronounced rectification than the non-injected 
controls: perhaps the heterologous mRNA mixture can induce 
the cell to express a voltage-sensitive rectifying channel in its 
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Fig. 2. Measurement of the reversal potential for the GABA- and 
glycine-induced membrane depolarizations in the same-oocyte. a, 
40uM GABA and 100M glycine were bath applied and: the 
membrane depolarization was measured at four holding potentials, 
~22, -43, ~64 (normal resting potential) and —86 mV. b, The- 
change in the induced membrane depolarization (AV) is plotted 
for GABA (@) and.glycine (©) against the holding potential (V). 
Both responses had the same reversal. potential, approximate’ 
~3i mV. Hyperpolarizing electrotonic potentials were evoked by. 
—245-.nA current steps. f 


membrane (see ref. 8). This rectifier was not blocked~b' 
tetraethylammonium {20 mM) or 4-aminopyridine (10 uM). 

The properties of these neutral amino acid receptors wer 
further investigated using picrotoxinin and strychnine (bot 
antagonists at. vertebrate CNS inhibitory synapses”), and the 
GABA potentiators pentobarbitone’! and chlorazepate*, a 
water-soluble benzodiazepine. Strychnine, 1 pM, inhibited the 
responses to glycine (Fig. 3a) in a ‘non-competitive’ manne 
(that is, simply reducing the maximum of the dose-respons 
curve with no lateral shift), with little effect on membran 
potential. The glycine responses were slow to recover fully, 
requiring up to 2h washing. Using a larger dose (10M) 
strychnine blocked not only glycine but also GABA responses 
(Fig. ta); however, the latter responses were easily recovered 
on washing. Similar effects of ‘high dose’ strychnine on GABA 
responses have been observed previously on CNS neurones! 
Picrotoxinin (1-5 pM) reversibly depressed both GABA. an 
glycine responses (Fig. 3b), suggesting that this agent lacks th 
specificity exhibited by strychnine. (+)Bicuculline (204M 
showed more specificity by reversibly antagonizing GABA in 
preference to glycine responses. However, GABA responses 
compared with glycine, were selectively enhanced by 50 w 
pentobarbitone (Fig. 4a), and. also by 10M chlorazepate 
(Fig. 4b). 

The preliminary results indicated that these GABA receptors. 
possessed a pharmacological sensitivity that was representative 
of vertebrate CNS GABA receptors. However, the ‘oocyte- 
expressed’ glycine receptors appeared more sensitive ‘to 
picrotoxinin than their counterparts in native neuronal mem- 
branes’. X 

The heterologous mRNA also endowed the oocyte with sensi- 
tivity to the acidic amino acids L-glutamate (10 »M-1 mM) 
kainate (1~200 pM), L-aspartate (100 jzM-2 mM) and quisqu: 
late (10-20 uM) (Fig. 5). Sensitivity to serotonin (1 nM thre 












































.5mM),.N-methyl-p-aspartate (100 uM}, L-cysteic acid 
‘00 p.M) and D-aspartate (50 pM) were inactive. Generally, 
the excitatory amino acids exhibited the following order of 
tency on a single oocyte: quisqualate = kainate > glutamate = 
aspartate. The relative potencies were again dependent on the 
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ig. 3 The effect of the amino acid antagonists strychnine and 
picrotoxinin on the responses to bath-applied GABA (hatched 
bars) and glycine (open bars) responses obtained from two oocytes. 
‘Upward deflections of the trace indicate membrane depolarizations 
and downward deflections are hyperpolarizing electrotonic poten- 
als {evoked by I5 nA (a) and 24nA (b)). a, GABA responses 
are virtually unaltered by 1 uM strychnine, which preferentially 
‘antagonized the glycine response. An almost complete recovery 
‘am strychnine was obtained after 40 min washing (W). Single 
oocyte, resting potential, —47 mV. b, Low-dose picrotoxinin (1 pM) 
did not exhibit any selectivity for the GABA response as glycine 
‘responses were also reduced. Recovery for GABA responses was 
obtained after 25 min washing in normal Ringer, whereas glycine 
was still depressed after 40 min. Single oocyte, resting potential, 
-51 mV, 


n ona = c3 
1OpM GABA  100yumM Gly Lent bend 
30s 2min 


ig. 4 Enhancement of the GABA-evoked conductance: change 
by 50 pM pentobarbitone (PB) and chlorazepate (CLZ) in two 
oocytes, a, 104M: GABA and 100M glycine responses (both 
submaximal) were recorded in control solution, then after 5 and 
15min in 50 4M PB, respectively, and finally after 15 and 30 min 
wash in control Ringer. Resting potential, -69 mV. Note that only 
the GABA response was enhanced, an effect which was easily 
eversed on washing. The 10 uM GABA response was enhanced 
to the level.of a 40 uM GABA response in control solution as 
shown by the end response in this trace. b, Control responses to 
10 M GABA and 100 uM glycine were recorded in normal sol- 
ution, and then after 7 and 14min in 10M CLZ, respectively. 
< Resting. potential, —62 mV. Only the GABA response was again 
enhanced but on washing a recovery was not observed as noted 
ae : : previously’. 






ld) and B-alanine 03-5 mM) was also observed, but taurine’ 


individual oocyte, quisqualate and kainate being. 2-10 times 
more potent than glutamate and L-aspartate. 

Our experiments clearly show the expression of receptor 
complexes to the two neutral amino acids which are integrally 
involved with inhibitory neurotransmission in the vertebrate 
CNS", Whereas the role for GABA as an inhibitory neurotrans- 
mitter in mammalian brain is reasonably established, compar- 
able evidence for glycine is lacking (compare ref. 14). It is 
possible that mRNA promotes the expression of glycine recep- 
tors even in the possible absence of any discrete glycinergic 
pathway, for example, non-synaptic receptors. A precedent for 
this situation does exist in the peripheral nervous system, where 
most neural tissues contain GABA receptors in the absence of 
any GABAergic pathway’. 

The GABA receptor from mammalian brain has recently been 
purified and found to contain several subunits, incorporating 
the various specific ligand sites for this receptor':!’. Presumably, 
the mRNA fraction used here contains mRNA molecules coding 
for each of these subunits; the subunits are subsequently 
assembled and integrated into the membrane with the formation 
of their intrinsic ionophore, adopting the correct orientation. 
The same must be true for the mRNAs coding for the glycine 
receptor subunits, which have also been isolated as a pure 
protein'®. It is presently unclear whether these two receptors 
possess identical chloride ionophores: the evidence, both from 
patch clamping of cultured neuronal membranes'? and from 
our translation results, is compatible with this concept, but not 
incontravertible. Our results suggest that the biosynthesized 
proteins modulating the chloride channel(s) in the receptor 
complexes are different, because the amino acid-evoked con- 
ductance is selectively modified by several different ligands. It 
was interesting that the receptor for the major excitatory 
neurotransmitter, glutamate, and several related, putative trans- 
mitters can also be assembled in the oocyte. 

This mRNA preparation from mammalian brain provides a 
further example of the faithful post-translational processing at 
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Fig. 5 Membrane conductance changes produced by bath appli- 
cation of excitatory amino acids in Xenopus oocytes injected with 
rat brain mRNA, Records are from four oocytes {a-d ). a, Response 
to 104M -glutamate (Glu); note the oscillatory nature of the 
membrane potential and conductance. Recovery was rapid on 
washing. The low-dose response suggests that the effect of gluta- 
mate uptake is minimal. Electrotonic potentials were elicited by 
~10nA injected current; resting potential, -81 mV. b, Response 
to 10 uM L-glutamate on a different oocyte which is less sensitive 
to Glu but which still produces membrane potential and conduct- 
ance oscillations. Current injection, ~10 nA; resting. potential, 
~84 mV. c, Response to 100 uM L-aspartate (L-Asp) on a different 
oocyte. Note only a small, fading or desensitizing response with 
no obvious oscillation of the membrane potential or conductance. 
Current injection, ~20 nA; resting potential, -74 mV. d, Response 
to 504M kainate (Kai). Membrane conductance and potential 
changes exhibited no fade, desensitization or oscillation and were 
rapidly reversible on washing. Current injection, —22 nA; resting 
potential, —62 mV. e, Lack of response to 50 pM N-methyl-p- 
aspartate (NMDA); same oocyte-as.in d. D-aspartate (100 pM) 
also failed to evoke any response. 

















“which the X. laevis oocyte excels. The pharmacological accessi- 
bility of this preparation makes a detailed study of amino acid 
receptors (both neutral and acidic) a reality without the compli- 
cations presented by an intact CNS. 

After submission of this manuscript, Gundersen et a 
reported the expression of kainate and glycine receptors in the 
X. laevis oocyte, after microinjection with human brain mRNA. 
Our results with kainate, glycine and rat brain mRNA are largely 
confirmatory to this study. 

G:B. holds a SERC research studentship; K.M.H. received 
an ORS award. This work was supported by the MRC. 
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Stomata have a key role in the regulation of gas exchange and 
water economy in higher plants, During water stress, they close 
in response to abscisic acid (ABA), a hormonal stimulus thought 
to be released or produced denovo in the mesophyll of leaves", 
and probably in the guard cells of the stomata themselves®. By a 
mechanism still unknown, ABA affects the ionic balance of guard 
cells, resulting in a loss of K*, their major osmotically active 
constituent'®, The structural requirements for a compound to be 
physiologically active in this system are stringent’ and. suggest a 
highly specific interaction of the hormone with its primary target 
site(s). Apart from two preliminary studies*’, ABA binding has 
not been investigated in plant material. Using guard cell proto- 
plasts'®"', we have now obtained evidence for the occurrence of 
high-affinity guard cell-specific ABA-binding proteins which are 
located at the plasmalemma of these cells with high density. In 
all characteristics examined, they bear the properties of ABA 
receptors. 

ABA contains an a,@-unsaturated ketone moiety which can 
be photoactivated by irradiation with light of ~330 nm (ref. 12). 
This provides a means of irreversibly labelling potential ABA 
receptors in the living cell with the unmodified hormone. We 
have cross-linked ABA to its putative binding sites by irradiating 
guard cell protoplasts of Vicia faba L. after incubation with low 
levels of the physiologically active *H-cis(+)ABA. The biologi- 
cally inactive (—)enantiomer served as a control. [rradiations 
of bovine serum albumin solutions in the presence of ABA 
proved that both enantiomers were cross-linked to exactly the 















same extent (Fig. Ta, insert). However, photoinduced cross. 
linking of ABA with guard cell protoplasts showed a pronouncec 
specificity for the physiologically active enantiomer (Fig. 1a) 
Mesophyll cell protoplasts of the same plant were labelled. to 
much lesser extent, but also exhibited discrimination of the AB. 
enantiomers (Fig. La). Both the kinetics of ABA binding (Fig 
la) and the effect of pH on hormone binding (Fig. 1b) wer 
compatible with the kinetics and pH dependence of ABA 
induced stomatal closure in a V. faba epidermal strip bioassa 
(Fig. 1b), suggesting a physiological relevance of the bindin 
sites. The sites were readily saturated with cis(+)ABA (Fig. le 
and the binding of labelled hormone was reversible wit 
cis(+)ABA but not with the physiologically inactive enantiome 
(Fig. 1d). Approximately 75% of the total cross-linke 
cis(+)ABA. was associated with high-affinity sites (Fig. 1 
From the data (Fig. lc, d), we estimated an apparent Kp fi 
the intact guard cell protoplast system for cis(+)ABA of ~3- 
nM, which corresponds well with the physiological concentra 
tion range of the hormone (~5 nM gave half-maximum. rates: 
of stomatal closure in V. faba epidermal strip bioassays). The: 
total number of the high-affinity sites was estimated to .b 
3.2 amol per protoplast (19.5 x 10° sites). 

Mild tryptic treatment of guard cell protoplasts before incub: 
tion with ABA completely eliminated the ABA-binding. sit 
(Table 1), but left the protoplasts intact, as shown by their ability 
to accumulate Neutral red and to exclude phenosafranin. The 
results indicate that the binding sites are proteins that are locate 
at the plasmalemma of guard cells, with the ABA-binding are: 
facing the apoplasmic space. This conclusion is consistent with 
the observed pH effects on ABA binding: at pH 8.5, whe 
binding is still readily observable, practically all the hormo 
(pK = 4.7)" is present as the anion (ABAT), for which plasm 
membranes have been shown to be impermeable’’. Assuming 
an even distribution, the plasmalemma density of the AB. 
binding sites was estimated as 2,200 yum” (protoplast diamet 
~17 pm). Sy 

Treatment with SDS partly solubilized the photoaffinity 
labelled binding proteins. On SDS-polyacrylamide gel ele: 
trophoresis (PAGE), three proteins, cross-linked specifically 
with cis(+)ABA, with molecular weights (M,) 20,200, 19,300 
and 14,300, were detected and designated sites A, B and C. The 
labelling pattern of proteins from mesophyll protoplasts was 
distinctly different from that of the guard cell proteins (Fig. 2 
proving that the ABA-binding sites are specifically or at least 
much more strongly expressed in the hormone-responsive guard 





Table 1 Trypsin treatment of intact guard cell protoplasts before incu: : 
bation with ABA abolishes ABA binding : 





Radioactivity of photoaffinity-labelled 
protein (d.p.m. per yg protein) 


ABA enantiomer Trypsin-treated Control 
cis(+)ABA 
Expt | 43 +33 22,854 + 4,098 
2 18422 24,295 + 1,810 
3 68 +: 64 23,109 + 1,363 
4 10+ 10 25,564 + 1,443 
cis(-)ABA l 
Expt I 98 + 76 5,361 + 123 
2 168 + 193 5,064 + 1,050 
3 127+ 54 5,347 +238 
4 35424 5,377 + 162 


msma 


Protoplasts (23 x 10* cells mi~') prepared as described in Fig. | legeni 
were incubated with 5 pg mi~! (expts 1, 2) or 9 pg mi™’ (expts 3, 4 
trypsin for 10 min at 22°C. After the addition of 30 pg mi”! trypsin. 
inhibitor, cells were incubated in 4.2nM °H-cis(+)ABA and `H- 
cis(~)ABA, respectively. Photoinduced cross-linking and processing, 
were as described for Fig. 1. Controls were treated identically except. 
that the trypsin inhibitor was added before trypsin. The data are averag 
+s.d. of triplicate sets of each experiment. The integrity of the cells was. 
checked after the treatments by their ability to accumulate Neutral red 
and exclude phenosafranin'’ (>95% of viable cells). 















































7 
2 





ke 
Dd 
oO 


pa 
€ 
v 
~- 
© 
$ Ae ~ 
a í 
+ ý . 
a £ x 0 
E A -~ 
E10 B e 
: F o 
k Z a60 
x 8 N 
wW t3 kad 
+ es i 
= ž v 
a | 9 5 10 5 ni > 
frradiation time [mir Es 
Z ens = 40 
2 5 5 v 
see a 
v x 
“6 
o 
O 
“N 
(ea 








Da A ay 
0 10 20 30 Q 10 20 30 
Incubation time [min] Incubation time [min] 








30 
fone re ED aaa eee aaa ee NF! 
£20] o 
5 E 
m < ~a 
ERS zy 20 
Zi Za 
~~ o» an 
2 €10 2 
38 3 > i 
« © aw x 
ba < 
> È 
=a roan) 
0 5 10 15 0 9 8 7 6 5&§ «& 
labelled ABA [nM] log unlabelled ABA [M] 


Fig. 1 Characterization of ABA binding to guard cell protoplasts of V. faba L. a, Kinetics of bindin 
to guard cell protoplasts at pH 6.5 (@). Controls: *H-cis(~)ABA (39 Ci mmol”, 4.2 nM) binding to g 
A) binding to mesophyll protoplasts of the same plant. Average +s.d. of nine (solid bars) or three (dashed bars) experiments. The insert shows photoinduced 
cross-linking at pH 6.5 of 3H-cis(-+)ABA (@) and *H-cis(—)ABA (O), 4.2 nM, with bovine serum albumin ( BSA, 2.5 mg ml! incubation time 30 min) as a function 
of irradiation time. Average +s.d. of three experiments. b, Kinetics of binding of *H-cis(+JABA (4.2nM) to guard cell protoplasts of V. faba as affected by pH 
(dashed lines) compared with the effect of PH on ABA-induced (50nM) stomatal closure in epidermal strips (solid lines). ©, @, pH 4: A, A, pH6.5; (2, W, 
pH 8.5, To facilitate: comparison, the data were plotted on a relative scale assigning the 100% value respect 


tively, to ABA cross-linked after incubation for 20 min 
at’ pH4 and to complete stomatal closure observed after 30 min of incubation of epidermal strips in ABA solution at pH 4. ¢, Saturation analysis of guard cell 
protoplast binding sites with 7H-cis(+)ABA (expt 1, ©; expt 2, @) compared with the effect. of H-cis(—)ABA (expt 1, A; expt 2, A), both incubated for 30: min 
t pH 6.5..d, Displacement of 4Hecis(+)ABA (4.2 nM) by unlabelled, immunoaffinity-purified'® cis(+)ABA (@) and cis(—)ABA (©) at pH6.5. Average +s.d. of 
ine experiments. Total number of high-affinity sites = 274 pmol per mg protein, equivalent to 1.9 x 10° sites per ceil. 
ethods: Guard cell protoplasts were prepared from epidermal strips of 3-week-old V. faba L. cv. ‘Hangdown griinkernig’ as described previously*” but using 
% of pretreated’? cellulysin, Only preparations with >95% intact protoplasts (see Table 1) and with <3% mesophyll contamination were subsequently used. A 
Suspension of 23 x 10* protoplasts ml” in 0.6 M mannitol, 1 mM CaCl, 10 mM Na-ascorbate, 10 mM Na-phosphate, pH 6,5 or as indicated (adjusted with HCI 
or NaOH and checked at the beginning and end of the incubation period) was incubated on ice in the dark with 4.2 nM *H-cis(+)ABA or 4.2 AM °H-cis(~JABA. 
e enantiomers, prepared by immunoaffinity chromatography'®, had the same specific activity (39 Ci mmol™') and enantiomeric purity (>98%). After the 
incubation, the cells were rapidly washed twice in the above medium without hormone and re-pelleted by centrifugation at 120g for 5 min. They were then 
reconstituted to the original cell density and immediately irradiated at =320 nm (Schott WG 320 long pass filter, Imm thick) using a HBO 500 W/2 high-pressure 
mercury lamp (Osram)'?, Irradiation was always carried out for 10 min with constant cooling (10°C), The cross-linked radioactivity was determined in the 
trichloroacetic ‘acid-precipitable protein™’ which was recovered on a glass fibre filter (Schleicher and Schill no. 6). In non-irradiated controls, <01% of the 
fadioactivity: precipitated from irradiated samples was retained by the filters. Protein determinations were made in supernatants of lysed {H-0} protoplasts with 
the Biorad assay and. BSA: as. reference protein; protein content per guard cell protoplast was 11.7 pg BSA equivalents, Bioassay: Freshly prepared epidermal 
strips (average ‘stomatal aperture’ 18 pm) were spread in 10mM CaCl, 10mM Na-ascorbate, pH 6.5, on microscope. slides and covered with a coverslip. The 
ered (pH 6.5) solution of the test. compound (0.1 uM; control: buffer) was then introduced by suction and was frequently replaced to ensure constant incubation 
conditions. At the appropriate times, stomatal apertures were determined by microscopic observation’. Measurements from 30 stomata were averaged, each 
experiment being repeated three times. Mesophyl! protoplasts were prepared by incubating leaf samples, with the lower epidermis removed, for 2h at 30°C in 
04M mannitol with 4% cellulysin; 10 mM CaCl, and 50mM Na-ascorbate, pH 6.5. The crude protoplast fraction was pelleted by centrifugation at 120g (1min) 
d washed twice with the above solution, omitting the cellulysin. The washed pellets were resuspended in.4 ml of 0.5 M sucrose with 5% Ficoll and overlaid 
with 4 ml 0,5 M Sucrose, then 3 ml 0.5M mannitol (all with 1mM CaCl, 10.mM Na-ascorbate, pH.6.5). After. centrifugation, the protoplast fraction collected 
from the mannital—-sucrose interphase was washed in 0.5 M mannitol, 10mM CaCl, 50 mM Na-ascorbate, adjusted to 23 x 10* cells mi”, then treated exactly as 
i : the guard cell preparations, 


g of °H-cis(-+)ABA (39 Ci mmol”, 4.2 nM final concentration) 
uard cell protoplasts (©), “H-cis(+)ABA (A) and °H-cis(~)ABA 
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Fig. 3 Correlation between the effect of 0.1 4M_ solutions 
(pH 6.5) of cis(+)ABA (1) and ABA-related compounds (2-14) 
on the induction of stomatal closure in V. faba (ordinate) and on 
competition with *H-cis(+)ABA for its guard’ cell binding sites 
(abscissa). For the latter test, ABA analogues were incubated with 
-the labelled cis(+)ABA. Relative activities in the bioassay were 
estimated by comparing the final stomatal aperture after equilibra- 
tion of the system (30 min) with the test compounds (0% closure, 
buffer control; 100% closure, obtained after 30 min in the presence 
of. cis(+)ABA). For the binding assay, relative. activities are 
“expressed as the relative amount of tracer. displaced: from the 
high-affinity binding sites (0% displacement, buffer control; 100% 
displacement, residual (nonspecific) binding in the presence of 
0.1 uM unlabelled cis(+)ABA). 1: cis(+)ABA; 2: vomifoliol; 3: 
a-ionylidene acetic acid; 4: ABA-4’tyrosylhydrazone; 5: 3- 
desmethyl ABA; 6: cis(-)ABA; 7: trans-ABA, 8: cis( +) ABA 
methyl ester; 9: cis-ABA glucosyl ester; 10: all-trans farnesol; 11: 
dihydrophaseic acid; 12: cis-xanthoxin; 13: 2-cis-epoxy-B-iony- 
lidene acetic acid; 14: indole-3-acetic acid. 


cells. Site A was labelled preferentially when guard cell proto- 
plasts. had been incubated with the hormone at alkaline pH 
whereas-sites B and C were most strongly labelled after an acidic 
incubation (Fig. 2, insert). Control experiments established that 
sites B and C were not degradation products of site A originating 
ng SDS-PAGE. Even though solubilization and separation 
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. Fig. 2. SDS-PAGE of photoaffinity-labelled mesophyll (MCP, left) and guard cell (GCP, right) protoplast proteins after incubation for 30 min 
<in 42AM *Hecis(+)ABA (solid bars) or *H-cis(—)ABA (open bars). Protoplast preparation, incubation (pH 6.5) and irradiation as in Fig. 1 
« Inset: Radioactivity recovered from bands A, B and C of SDS-PAGE of guard cell protoplast proteins. after incubation with 4.2 nM 
- #H-cis(+)ABA at different pHs. All data are based.on. 10 ug total protein, ue 
Methods: Irradiated guard cell or mesophyll protoplasts were pelleted and lysed in 60 yl buffer containing 3% SDS, 10% glycerol and 5%. 

B-mercaptoethanol in 0.05M Tris-HCI! buffer at pH 6.8. Precipitated mannitol and ¢ell debris were removed by centrifugation and the 
% gels, 1 mm thick, and a constant current of 10. mA for 12-14 h. Protein was stained 
with Coomassie blue then the gels were sliced into 1-mm segments. Two segments were combined, solubilized with H,O, (ref. 22) and their. 

radioactivity determined, 
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of the labelled ABA-binding proteins in non-denaturing cond 
tions has not yet been achieved, the available evidence is compa 
ible with the existence of three distinct ABA-binding sites, on 
of which (site A) binds ABA”, the other two probably bindin, 
the protonated hormone. In sucha system, total ABA bindir 
(and consequently hormone recognition) would become larg 
independent of apoplasmic pH. In support of this conclusio 
ABA induces stomatal closure of V, faba (Fig. 1b), as well 
of other species'*, at acidic as well as basic pH. i 

Further evidence suggesting thatthe ABA-binding  proteir 
described here represent the receptor(s) mediating the hormon: 
induced stomatal closure comes from the close correlatio 
between the physiological activity and the ability to displac 
3H-(+)ABA from its high-affinity binding sites, for a range 
ABA analogues (Fig. 3). Thus, vomifoliol'*, a-ionylidene acetic 
acid, 3-desmethyl-ABA and the 4'-tyrosylhydrazone of AB 
were active, whereas (~)ABA, trans-ABA, cis(+)ABA meth 
ester and glucose ester, the putative ABA precursor xanthoxin, 
and the ABA catabolite dihydrophaseic acid, were inactive. it 
both test systems (see Fig, 3). l 

The extensive study of hormone binding in plants'® has so 
far—largely because of the lack of an appropriate experimental 
system—provided little conclusive information about the 
primary sites and the mechanism(s) of plant hormone act 
This is the first demonstration ‘that specific, high-affinity hi 
mone-binding proteins that are likely to be involved in 
process of hormone recognition and action occur at the pla: 
malemma of hormone-responsive cells in higher plants. It: 
hoped that further study of the system described here will 
promote our understanding of the mechanisms underlying plant 
hormone action. | ae 
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Retroviruses isolated from avian, feline, murine and simian sources 
have been found to be inactivated and lysed by normal human 
serum”. There is much evidence that complement is activated 
_ directly by retroviruses in the absence of antibody*~’. Thus, human 
complement is thought to function as a natural defence mechanism 
against horizontal infection by retroviruses. Recently, a novel 
retrovirus, human T-cell leukaemia virus (HTLV), has been shown 
_ to be associated with adult T-cell leukaemia/lymphoma (ATL)*""*, 
A large number of healthy adults in south-west Japan'*'’, the 
< West Indies'*"° and Africa”?! carry antibodies against HTLV 
and these seropositive individuals are considered to be carriers of 
HTLV”, Thus, horizontal spread of HTLV occurs frequently 
among humans. We set out to determine whether HTLV reacts 
with human complement, and report here that, unlike other animal 
retroviruses, HTLV is not lysed by normal human serum—this 
might explain the infectivity and persistence of HTLV in humans. 

HTLV was purified from the culture fluids of MT-2 (ref. 13), 
~ATL-2M and CaL-2 cells. ATL-2M cells were derived from 


peripheral blood lymphocytes of an ATL patient!® and CaL-2 
cells were established by co-cultivation of peripheral blood 
lymphocytes from a cat with lethally irradiated MT-2 cells 
(unpublished data). Moloney murine leukaemia virus (M- 
MuLV) and bovine leukaemia virus ( BLV) were prepared from 
the culture fluids of YAC-1 (ref. 25) and FLK cells®, respec- 
tively. Normal human sera were obtained from five healthy 
laboratory workers: these sera had no antibody activity against 
MT-2, YAC-1 or FLK cells as judged by indirect immunofluores- 
cence. 

The reactivities of HTLV, M-MuLV and BLV with human 
complement were assayed by the method of Welsh et al'** 
(Table 1). Each viral suspension was mixed with an equal volume 
of fresh human serum, heated human serum, Nonidet P-40 
(NP40) or TNE buffer (see Table | for description of the buffer). 
Treatment with NP40 resulted in the release of reverse transcrip- 
tase from HTLV produced by MT-2, ATL-2M and CaL-2 cells, 
from M-MuLV produced by YAC-1 cells and from BLV pro- 
duced by FLK cells. However, neither fresh nor heated human 
serum caused any release of reverse transcriptase from HTLV, 
whereas fresh human serum was effective in releasing reverse 
transcriptase from M-MuLV as reported elsewhere'?* (Table 
1). Fresh human serum also released reverse transcriptase even 
from BLV, which is related to HTLV only distantly”, All of five 
normal human sera lysed M-MuLV and BLV but not HTLV. 
We also tested the effects of other animal sera on HTLV lysis. 
Reverse transcriptase assays indicated that HTLV produced by 
MT-2 cells was not lysed by serum from cat, guinea pig, mouse, 
rabbit or rat. 

Further, we tested whether HTLV was resistant to antibody- 
mediated virolysis. Serum from several ATL patients or a healthy 
HTLV antibody carrier was used as a source of antibody and 
fresh human serum as a source of complement. We found that 
HTLV from MT-2 and ATL-2M cells was also resistant to 
antibody-mediated virolysis. Serum obtained from normal 
adults or ATL patients had no inhibitory effect on the reverse 
transcriptase activity of HTLV disrupted by NP40 (data not 
shown). We cannot explain why fresh human serum failed to 
lyse HTLV in the presence of anti-HTLV antibody. 

Recently, we have demonstrated that the amplification reac- 
tion of complement is inhibited on homologous cell mem- 
branes**”’. Therefore, it seemed likely that HTLV might be 
resistant to human complement because the virus incorporated 
human membrane constituents that inhibited amplification of 
human complement. To exclude this possibility, we tested the 
susceptibility to human complement of HTLV produced by the 
feline T-cell line, CaL-2. Table 1 shows that there was no release 
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Table 1 Effects of human serum on the release of reverse transcriptase from HTLV, M-MuLV and BLV 











Treatment 
Serum 

Cell line (species) Fresh Heated NP40 TNE 

MT-2 (human) 150+10 150+ 10 31,150 + 1,250 110+ 30 

ATL-2M (human) 190+ 10 180+ 10 5,030 + 170 140+10 

CaL-2 (cat) 540+ 40 510+ 110 1,940+70 450 + 40 
1 M-MuLV YAC-1 (mouse) 31,510 +870 480 + 30 62,740 + 1,500 380+ 70 
BLV FLK (sheep) 10,860 + 1,850 740 + 140 59,270 + 280 












described elsewhere'®, FLK cells were maintained 
cells in RPMI 1640 medium containing 10-20% 


_ without sucrose density gradient centrifugation gave similar results. 


dithiothreitol, 4g mM KCI, 15 uM ?H-thymidine 5’-triphosphate, 


004M deoxyguanosine 5’-triphosphate, 9 pg poly(rA), 1.8 ug oligo(dT). 
viral suspension mixture. For the assay of reverse transcriptase, MgCl, was used with HTLV and BLV and MnCl, with M-MuLV. After incubation 
‘for |h at 37°C, 50-4! samples of each assay mixture were spotted onto DEBI filter papers. The filters were washed with 5% Na,HPO,, water and 
éthanol, then the radioactivity. bound to the filters was counted in a liquid scintillation. counter, Values are the mean (o.p.m.) tsd. 


1,670 + 40 


HTLV was prepared from MT-2, ATL-2M and CaL-2 cells, M-MuLV from YAC-1 cells and BLV from FLK cells. ATL-2M cells were maintained 
in Eagle's minimum essential medium containing 10% fetal calf serum. (FCS) and the other 
FCS. The culture fluids of these cells were centrifuged for 2h at 87,000g. The precipitates were 
uspended in TNE buffer (20 mM Tris-HCI pH 7.5, 100 mM NaCl, | mM EDTA). HTLV produced by MT-2 cells was further purified by continuous 
Sucrose density gradient (20-60% ) centrifugation for 20h at 87,000g. Fractions at densities of ~1.15 g1”' were pooled and used. HTLV prepared 
Reverse transcriptase was assayed in duplicate essentially as described by Welsh 
et al.'’**. The viral suspension (10 ul) was mixed with 10 yl of fresh or heated (56 °C, 30 min) human serum and incubated for 30 min at 37°C. 
NP40 (0.2%) in TNE buffer and TNE buffer alone were used as controls. The reaction mixture (90 yf) containing 40 mM Tris-HCI pH 7.8, 4 mM 
100 M deoxyadenosine $’-triphosphate, 100 uM deoxycytidine 5’-triphosphate, 
ig and either 10mM MgCl, or 0.25mM MnCl, was then added to the 





reverse transcriptase from HTLV produced by CaL-2 cells © 


on treatment with fresh human serum. Thus, HTLV from cat 
cells also was not lysed by human serum. 

To observe any virolysis not detected by the above method, 
we.also examined the sedimentation rate of HTLV after treat- 
ment with human serum. MT-2 and YAC-1 cells were maintained 
in RPMI 1640 medium containing *H-uridine. After incubation 
for 20h, the culture fluid was collected, centrifuged for 2h at 
87,000g, and the precipitate suspended in TNE buffer. The viral 
suspension was mixed with an equal volume of either fresh 
human serum or heated human serum and incubated at 37°C 
for 30 min. Then the viral suspension was layered onto a con- 
tinuous sucrose gradient (20-60% ) and centrifuged at 87,000g 
for 20 h at 4 °C. After fractionation, we found that HTLV treated 
with fresh human serum formed a radioactive peak at a density 

of ~1.15g17', reported to be the buoyant density of HTLV 
produced by MT-2 cells'*. In contrast, M-MuLV treated with 
fresh human serum did not show any peak, while M-MuLV 
treated with heated human serum formed a peak at a density 
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of ~1.17 g rm, as reported previously (data not shown). 


































finding indicates that M-MuLV RNA, but not HTLV RNA, w 
released from virus particles by treatment with fresh huma 
serum. 
Thus, to our knowledge, HTLV represents the first retroviru 
that is resistant to human complement. It remains to be. deter 
mined whether HTLV also retains infectivity on incubation wit 
human serum. So far, however, titration of cell-free HTLV wa 
not been achieved, although Clapham et al. succeeded in cell 
free analysis of HTLV infection using pseudotypes. of vesi 
stomatitis virus bearing HTLV envelope antigens”. The findin 
that HTLV is not lysed by human complement may explain wh 
so many adults are seropositive for HTLV and are prob 
HTLV carriers. i 
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It has been known since the days of Boveri’ that neoplasia is 
associated with chromosomal aberration. The introduction, some 
10 years ago, of chromosome banding techniques provided the 
impetus for the description of an immense number of such aberra- 


i tions; and for the localization to individual chromosome bands of 


the breaks underlying the aberrations. Hypothetically, the breaks 

should comprise two essentially different kinds: primary breaks 

are actively involved in the malignant development, and secon- 

reaks, coincidental to this process. In the search for a 

possible method to identify primary breaks in human cancer, I 

“selected from the catalogue of chromosome aberrations now avail- 
able? those cases that had one single structural aberration as their 
sole deviation from normality. I report here that the breakpoints 
thus specified affect a surprisingly limited number of chromosomal 
regions, and conclude that these regions contain genes of prime 
importance to cancer development. 

Nonrandom and specific chromosome aberrations have been 
described in several malignant disorders of animals and man?” 
The aberrations tend to cluster to certain chromosome types 
and common duplicated and deleted segments have been 
mapped’"'®. These findings are compatible with the hypothesis 

that chromosome aberrations have a fundamental role in the 
-initiation of the malignant process. Different models have been 
proposed to-explain the action of such chromosome aberrations 
by gene amplification marar gene: activation’”'*. However, most 





















































Table 1 Fifty-four chromosome changes found in at least two 
neoplasms with a single structural chromosomal abnorimalit 
t(1; 6)(q23; p22) 
t(l: 10}¢q21; 423) 
t(1: 11)X(q21; q23) 
tT: 12)(q21: pt3) 
t(1: 17}(p36; q21) 





del(7)(ql 1) 
del(7)(q22) ; 
t(8; 14)(q24; q32)- 
(8: 21)(q22; a22): 
(8; 22)(q24;qli}- 


dup(1}(q21q31) (9; 11)(p21;q23) 
dup(1)(q23) (9; 11)(p22;q24) 
la) t(9; 1Xp21; q3) 


t(9; 22)(q34; q1) 
(9; 22)(q34:g12) 
del(9)(qi3)) > 
t(11; 14)(q13;.q32) 
t11; 17)(q23;.q23) 


t(2; 8)(pl2; q24) 
(3; 8)(p21; ql2) 
t(3; 8)(p25; q21) 
(3; L1)(q21; p15) 
t(3; 12)(p24; q24) 


dup(3)(q25) (11; 21)(q25; 911) 
del(3)(p25) t(14322)(q25; qhl) 
del(3)(q21q26) del(11)(qi4) 

t(4; L1)(q21; q23) del(11)(q23) 


(4: 11)(g13;q22) del(13}(q13) 
del(5)(q13) del(13)(q21) 
del(5)(qi4) 1(14; 18)(q32;.q21) 
del(5)(q145) t(15; 17)(q21; q12) 
del(5)(q12q31) t(15; 17)(q22; q12) 
del(5)(qi3q31) t(16; 16)(p13: q22) 
del(5)(q13q33) i(17q) 
del(5)(q'4q34) del(17)(qll) 

t(6; 9)(p23; q34) del(20)(qi1) 
del(6)(q23q25) del(22)(qil) 





neoplasms described to date are not characterized by consistent 
or specific chromosome changes, In fact, most human. tumours 
show seemingly unique, usually complex, structural and/or 
numerical karyotypic changes and all of the 329 bands of the 
standard human karyotype’* have been affected in different 
types of cancer and leukaemia’, The important question. is 
whether all, most, or perhaps only.a few of the confusing variety 
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Fig. 1 Distribution over the banded human karyotype of 90 breakpoints underlying structural aberrations in neoplasms with one single 
deviation from normality (see Table 1). The breakpoints are restricted to 61 bands and the overall pattern suggests that the breakpoints cluster 
preferentially to specific chromosome regions. 


of karyotypic changes present in most tumours are of decisive 
importance in tumour development. The possibility cannot be 
excluded that the majority of changes represent random secon- 
_ dary events—the consequences rather than causes of the malig- 
“nant state. 
‚If chromosome change, either involving gene amplification 
_ or gene activation, triggers malignant development of a normal 
| ell, the study of neoplasms having one single aberration should 
help to identify chromosomal segments of critical significance. 
In every neoplasm with a single abnormality, this particular 
aberration apparently may have been sufficient to produce the 
malignant state. On the basis of this idea, all neoplasms with a 
‘single structural chromosome abnormality were ascertained 
from the registry of chromosome aberrations in human cancer 
ells’, and their breakpoints recorded. Thus, all cases with a 
reciprocal translocation, inversion, deletion of duplication as 
he sole abnormality were considered. Among the 3,844 cases 
viewed, 226 such different types of aberrations were found, 
me of these abnormalities, such as the specific chromosome 
'hanges closely related with particular neoplasms, for example, 


-Translocations, inversions 


Exact 
agreement Adjacent 
in one Exact band 
chromosome, agreement affected 
Exact involvement in one in one 
agreement of adjacent chromosome, chromosome, 
ain both band in no agreement no agreement 
chromosomes the other in the other in the other 


n No.of 
neoplasms 38 19 37 8 


t(9; 22)(q34; qil) in chronic myeloid leukaemia, t(15;17)- 
(q22; q12) in acute promyelocytic leukaemia, t(8; 21)(q22; q22) 
in acute myeloid leukaemia, t(4; 11)(q21;q23) in acute lym- 
phocytic leukaemia, del(5)(q13q31) in refractory anaemia and 
t(8; 14)(q24; q32) in Burkitt's lymphoma, were the sole abnor- 
mality in a large number of cases; others were found only in a 
single case. In an attempt to minimize the effects of possible 


mistakes in karyotype identification and interpretation which 


may blur any pattern, only those abnormalities were selected 
that were identical in at least two different tumours. A total of 
54 such aberrations were ascertained; these are listed in Table 
1, It should be noted that each of these aberrations represented 
the only deviation from the normal diploid karyotype in at least 
two neoplasms. The breakpoints of these aberrations are presen- 
ted in Fig. 1. Variant translocations in chronic myeloid 
leukaemia have not been included as recent results'® indicate 
that, just as in the standard cases with t(9; 22), the band 9q34 
is involved in these cases even when this is not detectable 
cytogenetically. 

Figure | illustrates that.a limited number of bands apparently 


Deletions, duplications 
Exact 
agreement 
in one or Adjacent 
No both bands band No 
agreement involved affected agreement 
No. of 
$ neoplasms 26 il 8 















affected in different types of cancer and leukaemia having 


only a single abnormality. Thus, even though the 90 breakpoints 
identified in the 54 different types of aberrations are distributed 
over all chromosome types except chromosome 19 and the sex 
chromosomes, the breakpoints are restricted to a total of 61 
bands. The following comparison between the breakpoints in 
Fig: 1 and those of structural aberrations in all other malignant 
disorders so far reported with either another single abnormality 
or complex karyotypic changes suggests that these particular 
breakpoints may represent primary initial changes in car- 
cinogenesis. 

First, the 61 different breakpoints identified were compared 
with those of all 172 neoplasms ascertained to have a unique 
simple structural aberration as the sole abnormality. Table 2 
shows that there was an exact agreement for one or both break- 
points in 114 of 127 translocations and inversions and in 26 of 
45 deletions and duplications. Note that in 19 additional cases 
(8 translocations/inversions and 11 deletions/duplications) the 
adjacent band was involved-——the usually poor quality of tumour 
chromosomes often makes it extremely difficult to discriminate 
between adjacent bands and thus these 19 cases, too, may well 
represent the same breakpoint. If this is the case, 159 of the 172 
cases (92.4%) share one of the breakpoints identified in Fig 1. 
Adding the 54 aberrations present in two or more cases, that is, 
the aberrations that form the basis of Fig. 1, the total agreement 
as regards breakpoint involvement is 213 of 226, that is, 94.2%. 

- Second, the breakpoints of Fig. 1 were compared with those 

of all complex karyotypic aberrations. of the 3,844 cases presen- 
ted in the catalogue of chromosome aberrations in cancer’; in 
this comparison I considered all cases in which each structural 
aberration had been exactly identified. An exact agreement with 
at least one of the 61 breakpoints identified in this study was 
found for 86.7% of cases and an additional 9.4% showed 
involvement of at least one adjacent band. Thus, 96.1% of the 
neoplasms studied displayed breakpoints involving the chromo- 
somal segments under consideration. 
_ The data: presented here demonstrate that only a limited 
number of breakpoints are involved regularly in chromosomal 
aberrations of human neoplasia. Furthermore, the overall pat- 
tern ‘suggests that the breakpoints cluster to relatively few 
chromosomal regions. This notion is strengthened when the 
considerable sources of error affecting the assignment of breaks 
to single bands in chromosomes of neoplastic cells are taken 
into consideration. 1 conclude that genes of importance for the 
transformation of a normal cell to a cancerous one are located 
ina restricted number of chromosomal regions. By using modern 
techniques of molecular genetics it should be possible to identify 
and define the. nature, expression and interaction of the genes 
involved. 

This study was supported by grants from the Swedish Cancer 
Society and the John and Augusta Persson Foundation. I thank 
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comments on the manuscript. 
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Many recent studies have shown that chromosomal translocati 
breakpoints frequently occur near cellular proto-oncogenes 
(reviewed in ref. 1). In both mouse plasmacytomas and Burkit 
lymphomas, the c-mye oncogene becomes joined to an immuno- 
globulin heavy-chain gene in a head-to-head configuration”? 
Within c-myc, the breaks frequently occur near the first exon- 
intron boundary”, while within the immunoglobulin gene the break 
usually involve sequences directing heavy-chain switching?” ao, 
has been assumed that. the translocations represent aborti 
immunoglobulin switching events which have activated the: c-m 
gene for a role in tumour formation. However, sequence analy: 
of the c-myc gene does not reveal any apparent similarity to the. 
immunoglobulin switch signals'~'’, With these results in mind, 
we have determined the- precise breakpoints within c-myc for 
plasmacytoma lines in order to search for any common featur 
that may shed some light on the mechanism of chromosoma 
translocation. We report here that the tetranucleotide sequenc 
GAGG occurs close to the breakpoint in five out of six transloca 
tions, and so may be a sequence recognized by either the enzymes 
that catalyse immunoglobulin heavy-chain switching, or some: othe 
DNA-cleaving activity. 

We have previously described the cloning and characteris 
ation of the two chromosomal translocation breakpoints involv. 
ing the c-myc oncogene from BALB/c plasmacytomas’: MOPC 
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Fig. 1 Restriction enzyme maps of the c-myc and C, clones used 


in this study. The c-myc genes from MOPC 315 and MOPC 104E 
have been described previously’. The reciprocal of the MOPC 
104E translocation was isolated from a Charon 4 library of tumour 
DNA using the 1.0-kb HindIII fragment from the 5’ flanking 
sequences of C,. The BamHI-EcoRI fragment shown was sub- 
cloned into pBR322. The 4.5-kb EcoRI fragment containing the 3’ © 
flanking sequences of Cc, and the a membrane domain has been 
described previously'®. The regions that were sequenced**** to. 
map the chromosomal translocation breakpoints are indicated by. 
arrows. Restriction enzyme sites are: A, Aval; B, BamHI; E, 
EcoRI; H, Hindli; S, Sstl; X, Xbal. Only the Aval and BstEH 
sites used for sequence determination are shown. 





* Present address: Department of Molecular Biology, Princeton University, Princeton, New. 
Jersey 08544, USA. 








shown in Fig. 1. Figure 2 shows the sequences of the MOPC 
315 translocation and the MOPC 104E reciprocal translocation 
breakpoints. In MOPC 315, there is a distinct. point at which 
the c-myc sequences end and non-c-myc sequences begin. The 
sequences to the left. of the breakpoint appear to derive from a 
section of the C, switch region that has not been sequenced 
previously as there are numerous repeat sequences near the 
break analogous to those identified by Davis et al.'*. However, 
there are no switch repeats immediately adjacent to the break- 
point. 
The sequences of the two clones from MOPC 104E represent 
a very different configuration. A large portion of the C, gene 
and a segment of c-myc are absent from the two halves of the 
translocation, indicating that this is not a precise reciprocal 
rearrangement. The displaced first c-myc exon is joined to S, 
Sequences, demonstrating that this translocation originally 
involved a C, switch region that was in a germ-line configur- 
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“ation. 


primary translocation event in 
within c-myc. 

Characterization of the translocated c-myc coding regions in 
MOPC 104E indicated that the gene was not linked to the 5’ 
side of the C, gene as in other tumour lines, but instead to 
sequences derived from the 3’ side of the C, gene. Yet, from 
analysis of the reciprocal translocation presented above, one 
would have expected to find the c-myc coding region linked to 
the C, coding region as in other plasmacytomas. The most likely 
explanation for this finding is that the translocated c-myc gene 
in MOPC 104E suffered a second DNA rearrangement in which 
the C, coding sequences were deleted during the initial translo- 
cation or subsequent tumour passage (Fig. 3). We have analysed 
the DNA sequence at this breakpoint to determine where the 
secondary deletion occurred in c-myc and whether or not any 
Sa sequences remained at the junction. 

Figure 2b shows the sequence surrounding the translocation 
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Fig. 2 a, Sequences of the MOPC 315 c-myċ translocation breakpoint and the MOPC 104E reciprocal breakpoints. In MOPC 315, the C, 
"switch region that is joined to c-myc is folded to align the switch-like repeats, which can be compared with the. consensus C, switch sequence 
“Shown inc. In MOPC 104E, the first c-myc exon is joined to the 5’ flanking sequence of Ca as shown in Fig. 1. Regions of homology between 
c-myc and the translocation.breakpoint are indicated by vertical bars for both clones. b, Sequence of the MOPC 104E breakpoint and 
‘corresponding: regions from the 3’ side of the C, and the c-myc intron. The 38 bp separating the two genes is as yet of unknown origin: c, 
-c-myc sequences at the translocation breakpoints in six plastmacytomas. Each line shows the sequence of c-myc surrounding-the translocation 
breakpoint. The sequences to the left of the space are displaced by the immunoglobulin gene, while the sequences. to. the right of the space 
remain linked ta the c-myc coding regions. Both strands of c-myc are shown for each tumour so that they can be. compared with the 

~ immunoglobulin switch repeats. The GAGG sequence that is found 11 or 12 nucleotides from each of the Ca rearrangements is.underlined, 


_ a8. is a related sequence in the S, repeat. 
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Fig.3 Diagram of the probable origin of the chromosomal trans- 

location breakpoint in MOPC 104E. The initial rearrangement 

involved the germ-line C, gene as shown by the translocation 

reciprocal in Fig. 1. The a switch and coding regions were sub- 

sequently deleted during either the initial rearrangement or tumour 
passage. 


breakpoint in MOPC 104E, together with the relevant portions 
of c-myc and the 3’ C, flanking sequence. The latter was deter- 
mined from the 4.5-kilobase (kb) EcoRI fragment containing 
the germ-line C, flanking region’. The breakpoint within c-myc 
occurs 152 base pairs (bp) closer to the c-myc coding region 
than the reciprocal translocation shown in Fig. 2a (see Fig. 4), 
indicating that an additional segment of the c-myc intron has 
been deleted together with Ca. On the left side of the sequence, 
there was a near perfect match to the 3’ C, flanking sequence 
from a BstEll ‘site that was present in both genes. However, 
between C,, and c-myc there were 38 nucleotides that were not 
identifiable in either gene. These additional sequences do not 
derive from the published portions of the C, coding’® or switch’ 
regions but may be retained from other regions of C, that have 
not been sequenced, because they have some similarity to the 
@ switch region. Thus, there may have been two DNA breaks 
involved in the secondary rearrangement of the MOPC 104E 


gene. More importantly, neither the C, coding sequences nor 


the S, region are required for transcription of the truncated 
c-myč gene in plasmacytomas. Thus, if novel enhancing elements 
that influence transcription of the c-myc gene exist in the 
immunoglobulin domain, they may be present on the 3‘ side of 
the constant-region genes rather than within the coding or switch 
regions. 

As each of the chromosomal translocations described to date 
appears to be the result of an abortive immunoglobulin switching 
event, it was important to determine whether there were any 
common features of the breakpoints within c-myc that could be 
related to. the consensus switch sequences. Therefore, we aligned 
the DNA sequences at the breakpoints in MOPC 315 and MPC 
104E with four sequences taken from previous studies (Fig. 2c). 
Five of these translocations involve S, sequences while the sixth 
involves S,. We found a common tetranucleotide sequence 


“ (GAGG) 11 or 12 nucleotides from the break for every S,,—c-myc 


breakpoint; MOPC 104E represents somewhat of an exception 
to this consensus, as the GAGG occurs 19 nucleotides from the 
breakpoint. However, the position of the breakpoint within 
c-myc for MOPC 104E was determined only from the reciprocal 
and not from the C,-c-mye coding region breakpoint as in the 
other cases. In the two translocations for which both parts of 
c-myc have been sequenced, there are 7-11 nucleotides of c-myc 
deleted'’~!*. Therefore, it is likely that the GAGG in the original 
MOPC 104E translocation would have been positioned 7-11 bp 
closer to the breakpoint, which would place it 11 or 12 bp from 
the breakpoint, in agreement with the other plasmacytomas. The 
GAGG sequence was not present in the c-myc sequence adjacent 
to the S, translocation. Further examination of the sequence 
surrounding the c-myc-S,, breakpoints did not reveal any other 
conserved sequences on either side of the breakpoint, nor was 
there any homology with the consensus switch sequences shown 


sin Fig. 2c. 





One of the striking features of chromosomal translocations 


<in mouse plasmacytomas is their localization to a 1.4-kb 
 HindYl-BamHl1 segment’ of the c-myc gene which spans the : 


. present in all of the y switch regions as part of more extensive 











Fig. 4 Distribution of translocation breakpoints in the c-myc 
oncogene. The diagram. shows the first c-myc intron and the posi- 
tions of the breakpoints for which the nucleotide sequence is known 
(upper vertical lines). The lower vertical lines indicate the positions: 
of GAGG sequences in the c-myc gene. The position of the secon- 
dary deletion for MOPC 104E is indicated as M104E-2. Previously 
published sequences include J558 (refs 11, 26), M603 (ref. 10), 
M167 (ref. 10), M21 (refs 17, 18) and M11 (ref. 19)... 


first exon and part of the first intron. Many breakpoints have 
been further localized to a region of only 0.5 kbë. Figure 4 shows. 
that seven translocation breakpoints are within this exon-intron 
boundary region. Furthermore, four of the c-myc-—S, breaks are 
localized within a 300-bp segment. This region of chromosome 
15 clearly represents a preferred site for translocation events. 
which activate the c-myc oncogene. $ 

As yet, the role of the GAGG sequence in chromosomal 
translocations is unknown. The only counterpart to the c-myc 
GAGG sequence found in consensus switch signals is a GGA 


45--90-bp repeats”? (see Fig. 2c). However, this sequence is on 
the opposite strand from the GAGG in c-myc. Thus, if the 
GAGG sequence is recognized as having minimal homology 
with a y switch, the recombinases may be recognizing a sign 
on the strand opposite from that which is normally used 
productive intrachromosomal immunoglobulin heavy-chain r 
combination. An alternative possibility for the involvement of 
GAGG in chromosomal translocations is that it is not recognize 
by switch recombination proteins but rather by a different DNA 
cleavage activity (translocase?). The latter enzyme may intr 
duce a nick or gap into the DNA which is subsequently incorpor- 
ated into the swtich region. Note that the translocation Brea! 
points occur approximately one turn. of the helix from. the 
potential recognition sequence. It is unlikely that a free doubl 
stranded DNA end is generated as an initial step intranslocation 
because both segments of the c-mye gene remain linked to 
immunoglobulin sequences through a_ reciprocal exchange’. 
While sequence-specific DNA cleavage activity has been. detec- 
ted in some eukaryotic cells?'*, we have as yet no evidence for 
this type of activity in plasmacytoma cells. ee 

The question remains as to. why the translocation breakpoints - 
in mouse plasmacytomas nearly always truncate the untranslated _ 
first c-myc exon. There are many GAGG sequences throughout | 
the region 5’ to the first exon but no breakpoints have been 
mapped to this domain, Therefore, we assume that, in tumou 
formation, some additional selective advantage is conferred b: 
removal of the first exon; this may be due to the presence of 
repressor that binds to the 5’ end of the gene” or the inabilit 
of an immunoglobulin heavy-chain enhancing element t 
increase c-myc RNA levels to a sufficiently high level while:stil 
using the normal promoter. Further studies will be required t 
elucidate the mechanism of chromosomal translocation and 
what influence the immunoglobulin locus has on expression of 
the c-myc oncogene. 
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P elements are transposable elements found in P strain, but usually 
not in M strain, Drosophila melanogaster, and are responsible for 
the hybrid dysgenesis that occurs when male D. melanogaster of 
the P strain mate with females of the M strain (ref. 1 and references 
therein). Several P elements, which vary in length and genetic 
effects, have now been cloned”. To investigate. the evolutionary 
Origin of P elements, we have used a cloned copy of a D. melano- 
gaster P element to look for related sequences in the genomes of 
_ six other Drosophila species. We report here that, unlike many 
other transposable elements found in D. melanogaster, which seem 
“also to be present in other Drosophila species’, we have found 
mo sequences closely enough related to P elements to be detected 
by DNA hybridization in any other Drosophila species. This result 
Supports the hypothesis that P elements have recently invaded 
- D. melanogaster by horizontal transmission. 

















The discovery that most interspersed repetitive sequences in 
D. melanogaster are transposable’ raises important questions. 
It is still not known how transposable elements move to new 
sites in the genome, although the strong structural similarities 
emerging among vertebrate retroviruses and copia-like elements® 
suggest that transposition of these elements may occur, 
analogously to retroviruses, via an RNA intermediate. Further- 
more, while some insertions of transposable elements cause 
mutations of major effect®’®, any effects of the vast majority of 
these elements on the host are not known. Third, how have 
transposable elements come to be in Drosophila genomes? Have 
they arisen through evolutionary changes generating new 
families of transposable elements within the Drosophila lineage, 
either from unique-sequence DNA or other families of transpos- 
able elements, or have Drosophila transposable elements been 
transmitted horizontally into Drosophila from other evolutionary 
lineages? 

One approach to the question of the origin of transposable 
elements is to look for homologies between cloned middle 
repetitive sequences from D. melanogaster and the DNAs of 
related species. If these elements are capable of horizontal 
transmission between species, the distribution of such homology 
need not follow the phylogeny of the hosts, and might be more 
dependent, for example, on their geographical distributions. 
Several studies, including the present one, have addressed this 
question’*. With few exceptions, these experiments show that 
the presence or absence of homology between sequences in 
D. melanogaster and related species is distributed in a phylo- 
genetic way. 

To elucidate the origin of P elements, DNA from related 
species of Drosophila was extracted'', digested with BamHI, 
size-fractionated'*, blotted onto nitrocellulose’? and probed 
sequentially with three D. melanogaster sequences cloned into 
pBR322 and labelled with °*P (ref. 14). The DNA used was 
derived from two M strains and one P strain of D. melanogaster, 
a yw laboratory stock of Drosophila simulans, three D. simulans 
isofemale lines recently extracted from a wild population in 
Raleigh, North Carolina, and wild-type laboratory stocks of 
Drosophila mauritiana, Drosophila yakuba, Drosophila teissieri, 
Drosophila erecta and Drosophila pseudoobscura. The sequences 
used as probes were p725.! (containing an intact P element 
and flanking sequences), p$25.1 (containing only the flanking 
sequences (target site) from p725.1) and cDm2042 (containing 
the transposable element 4/2). As shown in Fig. 1, only in the 
P strain of D. melanogaster was homology to the P element 
found. The bands of hybridization in the other species were 
shown to be due to the D. melanogaster unique-sequence DNA 
on the P element probe. In contrast to the P element, multiple 


Table 1 The distribution of homologies between 6 Drosophila species and 19 cloned middle repetitive sequences from D., melanogaster 
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Species are listed in increasing phylogenetic distance from melanogaster. For more detail see ref. 19. The D. melanogaster DNA was extracted 
rom an isofemale line, FM 1.15, from a natural population; the D. simulans DNA was from yw, a stock marked with the yellow and. white mutations: 
remaining strains were obtained from the Drosophila Stock Center in Bowling Green, Ohio. pw25.1 contains a complete P element flanked by 
nique-sequence DNA cloned into pBR322, cDm$002 contains copia, cDm4006 contains 297 and cDm2042 contains 412 (plasmids kindly supplied 
y G: M. Rubin and K. O’Hare)**.pD75.3 is a cloned sequence in pBR322 containing a repetitive element from the foldback family”'. The remaining 
14 sequences were obtained from E. Strobel, and have been only partially characterized. They were isolated as middle repetitive sequences of 


3-10 kilobases and have been classified as putative copia-like elements”? 
or B104 (ref. 24) element (C. Aquadro, personal communication). Techniq 


blotting and hybridization were as described in Fig. 1 legend. 


. One of these elements, cDm2173, shows homology to the ‘roo’ (ref. 23) 
ues of DNA preparation, digestion with restriction enzyme, electrophoresis, 






















pS25.1 pw25.l pDm 20 42 
Fig. 1 Autoradiographs of a single Southern blot probed with three different DNAs. Species are listed in increasing phylogenetic distance’ 
“from D: melanogaster. For more detail see ref, 19. Genomic DNAs were prepared, digested with BamHI, electrophoresed, blotted and. the, 
filter dried. The nick-translation of DNA, hybridizations and washing of the filter were as described previously (refs 11-14) except that. the 
hybridization temperature and post-hybridization wash were done at 37 °C for low stringency. The sources of the DNAs in the channels shown. 
are as follows: 1, Oregon-R, an M strain (R. A. Voelker); 2, WE 7.29.12, a P strain (W. E. Engels); 3, C4, an M strain (R. A. Voelker); 4; 
FM1, D. simulans isofemale line; 5, FM2, D. simulans isofemale line; 6, FM3, D. simulans isofemale line; 7, yw, D. simulans marked with. 
mutations y and w (P. M. Bingham); 8, D. mauritiana; 9, D. yakuba; 10, D. teissieri; 11, D. erecta (8-11 obtained from Drosophila Stock: 
Center); 12, D. pseudoobscura (reference stock, F. Ayala). The filter was first probed with pS25.1, a single-copy BamHI fragment from, 
D. melanogaster in pBR322. After autoradiography, it was probed with p725.1, the same single-copy sequence as in pS25.] which contains a.’ 
complete P-element insertion in the central region (plasmids supplied by G. M. Rubin and K. O'Hare). After hybridization, the labelled probe. 
was washed off the filter by treatment with 0.05% Denhardt's solution, 0.025% Na pyrophosphate, 2.5 mM Tris, 0.1 mM EDTA pH 8.0, for 
3h at 65 °C. The filter was then probed with cDm2042 which contains a complete 4/2 element flanked by unique-sequence DNA in pBR322.. 


On longer exposure, the presence of multiple bands for 4/2 could be seen in lane 12 (D. pseudoobscura). 


copies of all the other transposable elements from D. melano- 
gäster were found in the two closest relatives of melanogastei, 
D. simulans and D. mauritiana, and many of the other transpos- 
able elements (for example, cDm2042, containing element 4/2) 
also showed homology to more distantly related species. 

Table | shows the qualitative results from this study. The 
methods used were as above except that EcoRI, rather than 
BamHI, was used to digest the genomic DNA, and the DNAs 
used comprised a subset only of those mentioned above. We 
also observed the conservation of internal restriction fragments 
in several of the elements. The presence or absence of these 
conserved fragments among the species also reflected phylo- 
genetic relationships. In a similar study’, homology to copia was 
found to be distributed over a phylogenetically larger species 
group than our data indicate. This conflicting result may have 
been due to a difference in hybridization stringency. Our data 
show the presence or absence to follow absolutely the species 
phylogenetic relationship with D. melanogaster. Other studies 
show exceptions to this rule. Cases are known’ in which 
elements show a scattered distribution across the Drosophila 
genus. This could theoretically be due to horizontal transmission 
or to the extinction of transposable elements in certain lineages. 
Also, one study* showed two elements which were present in 
D. melanogaster but absent in D. simulans, unlike any in our 
study. However, the absence of any hybridization at all to D. 
simulans DNA, despite the unique-sequence DNA which was 
present on the probes used, suggests that the hybridization 
conditions in this study may have been so stringent that a slightly 
diverged transposable element in D. simulans would not have 
been detected. 

The data presented here suggest that while most transposable 
elements are ancient and stable components of the Drosophila 
genome, the P element appears to'be a considerably more recent 
dition. ¿This argues against the ‘stochastic loss hypothesis’’, 























which postulates that M strains were created by the rando 
extinction by genetic drift of P elements in small populatio 
of laboratory strains, resulting in a positive correlation between 
the age of a strain and its probability of being an M strain. This 
hypothesis also seems increasingly untenable due to tt 
demonstration that only a minority of the cloned P elements 
are fully active P factors’. This means that the generation’ o 
laboratory M strains by the stochastic loss of P factors. wo 
not necessarily be accompanied by the complete lack of P 
element homology which is the general case. : 

A more likely hypothesis is that in some way the P elemer 
has invaded D. melanogaster comparatively recently. Such ai 
invasion may (in view of the variation in the frequencies o 
and M cytotypes in strains collected at various recent dates an 
in various locations) have occurred in North America durin; 
the past 50 years'®. The ability of P elements to transpose 
themselves into chromosomes when injected on plasmids into 
D. melanogaster embryos'”’"® argues in favour of such transfer. 
However, until the vector in which the P element could have 
been introduced and the original host of the sequence are known, 
the invasion interpretation can be only tentative. 
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8 in the case of retrovirus proviruses, most of the Drosophila 
copia-like transposable elements so far examined are bounded by 
S’'TG. ..CA3’ and inserted into the chromosome without obvious 

te-specificity'“. In the other copia-like elements, 297, HMS 
Beagle and 17.6 (refs 5-7), terminal dinucleotides (5’'TG.. .CA3’) 
are completely absent and, instead, 5'(A)GT is present at least at 

1¢ of the termini. One important feature of these three elements 
ay be frequent insertion into ‘TATA’ boxes, since the three of 
ur insertion sites so far examined were TATA boxes, two for 

3 histone genes** and one for a cuticle gene“. Because of the 
importance of this type of insertion, we extensively analysed site- 

pecificity using 17.6 as a model. Our results, described here, 

ggest that insertion of 17.6 takes place in a site-specific fashion, 

sing a target 5’ATAT corresponding te the major portion of the 
consensus TATA box’, TATASAS. 
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17.6 was originally identified as an ~7-kilobase (kb) insert 
in Drosophila histone genes’ and was shown’ to bea copia-like 
element closely related in evolution to 297. Using as a probe a 
2.1kb HindIII] segment having no homology to 297 (see Fig. 
1), 46 recombinant clones were isolated from 4x 10* phages in 
a cloned library of Drosophila melanogaster DNA. Although 
deletions and artificial truncations with EcoRI were observed 
in 60% of the clones, mapping of the restriction enzyme sites 
followed by Southern hybridization (Fig. 1) showed that these 
recombinant clones as a whole represented the 17.6 elements 
located at 18 chromosomal loci corresponding to half of the 
total /7.6-insertion sites per haploid genome’. 

Nucleotide sequences about the junctions between 17.6 ele- 
ments and their flanking host DNAs were determined in 10 
clones after subcloning suitable segments into pUC9 (Fig. 2)"'. 
The nucleotide sequences of the long terminal repeats (LTRs) 
of these /7.6 elements were very similar to each other, although 
deletion, insertion or substitution with considerable lengths were 
found in 4 out of 10 clones (data not shown). The results of a 
previous experiment’ suggested that a 17.6 found in a histone 
gene was bounded by 5(A)GTG...CAAT(T)3’, and 
5'(T)ATAT(A) of the host DNA at the insertion site was dupli- 
cated on integration of 17.6 (Fig. 2a). The 1-base pair (bp) 
ambiguities at the very ends of 17.6 may be clarified by compar- 
ing the nucleotide sequences of the 17.6-host DNA junctions 
at different chromosomal loci. The results in Fig. 2b suggest 
that the 17.6 in AKS514 terminates with 5'(A)GTG. . .CAATT3’ 
and that its insertion results in the duplication of a host DNA 
sequence, ATAT(A). In contrast, the 17.6 in AKS634 seems to 
end with S'AGTG. . .CAAT(T)3’, since the 17.6 is bordered by 
(T)ATAT and (T)ATATG at the left-and the right sides, respec- 
tively (Fig. 2c). Although it is deleted (Fig. 1), the original left 
end of the 17.6 in AKS525 is also expected to be S'AGTG by 
similar reasoning (Fig. 2c). Thus, it may be concluded that 17.6 
is generally bounded by S’AGTG...CAATT3’ and the size of 
its target host DNA is 4 bp. 

Surprisingly, all targets of 17.6 elements so far examined were 


femenmncand, 


‘Fig. 1 Physical maps of representatives of Drosophila cloned segments containing 17.6 with that.of the insert in Ahist/7.6. The length and 
sition of 17:6 in Ahistl7.6 are schematically drawn over the map of Ahisti7.6. Filled rectangles: show the locations of the LTRs of each 
7.6, as determined by fine mapping of the restriction sites or DNA sequencing. @, EcoRI; Y, Hindill; @, BamHI; ©, Sall. The scale bar 


n the lower margin indicates. | kb. 


Methods: Using a 2.1-kb HindIII segment of Ahist!7.6 (labelled a) as a probe, 46 positive clones were isolated from a cloned library’? of 
Drosophila melanogaster (Oregon R} DNA partially digested with EcoRI. After DNA was extracted, the physical map of each clone was 
constructed using. EcoRI, HindIII, BamHI and Sall. Although the recombinant clones isolated were found to be composed of 18 different 


phages, only 10 representatives are shown here. DNA from recombinant 


phages was terminally digested with restriction enzymes, EcoRI and 


Hindi, denatured, neutralized, transferred to nitrocellulose papers and blot hybridized with suitable probes. Solid underlining shows the 
results when the 2.1-kb. HindIII segment (labelled a) was used as a probe, and dashed underlining shows the segments hybridizable to the 
` 1.5-kb Poull segment of 297 which is highly homologous to the region labelled b in Ahist17.6 {homology 90%’). wie 









+ ATAT, indicating that the insertion of [7.6 is carried out strictly. 
ina site-specific fashion with ATAT as the target sequence. To 
our knowledge, there has been no report on the presence of 
eukaryotic transposable genetic elements or retrovirus pro- 
viruses exhibiting such a highly strict site-specificity as 17.6. 
The only possible exception is 297, a sibling of 17.6, since (1) 
Ikenaga and Saigo? have suggested that at least within a histone 
gene cluster, the insertion of 297 is carried out in a site-specific 
fashion using (T)ATAT(A) as the target sequence, (2) the target 
sequences for integration of two 297 element, from Drosophila 
simulans and Drosophila yakuba, siblings of D. melanogaster, 
were found to be (T)ATAT(A) (data not shown), and (3) Young 
and Rubin suggested the possibility of the preferential insertion 
of 297 into ATAT (ref. 12). In this connection, it should be 
pointed out that /7.6 contains a 4.5-kb region whose homology 
to its counterpart of 297 is more than 70% (unpublished data). 
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(C) TECATGTCTTCGETACTGAGTATATATAGTG----- =-=- CAATTATATATATTTAGCTGCAAA © 4K5508 
(deleted)---CAATJATATGTGTACTGATTTATT — 4K5525 
TCACCGTTTAAAGTGGCAAATATATATAGTG--- (truncated) 4 ARS526 
TAATAAAGTTATAATAATAATAZATATAGTS-----~--- CAATIATATATATAATATAGCEAA —\KS834B 
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Fig. 2 The nucleotide sequences around the insertion sites of 17.6 
transposable elements. The filled rectangles indicate the minimum 
sequences of the host targets which are expected to be duplicated 
“on insertion of 17.6. Filled circles show the ambiguities in nucleo- 
tide sequence found at the ends of both host targets and 17.6 
elements, whereas asterisks indicate base changes found near the 
insertion site of 17.6. a, 17.6-host DNA junctions in Ahist17.67 
(lower) and the corresponding empty site? (upper). b, Relationship 
between a full (lower) and empty (upper) site fora 17.6 in AKSS14. 
t, The nucleotide sequences around the junctions between 17.65 
and. their flanking host DNAs in nine newly isolated clones. 
Upward arrow heads in AKS525 and.AKS634 show the G residues 
which were used for delimitation of the 5’ end of 17.6, 
Methods: a; b, Using the right and left flanking sequences of the 
17,6 in AKS514 as probes, a recombinant clone containing the 
corresponding empty site was isolated from cloned library of 
_D.melanogaster (Canton $)'*. The nucleotide sequence around the 
empty site together with those for host DNA-17. 6 junctions were 
determined according to Maxam and Gilbert’. Note the presence 
of C residues at the points labelled by arrowheads. DNA segments 
having the 17.6-host DNA junctions were cloned into pUC9 and 
the nucleotide sequences were determined by a procedure 
described by Maxam and Gilbert'°. 
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CTT. CATT TOGTOACCCCGACGIGAT ~~ ~~ -~CTTTTGCATAGGGAGGGGGAAATGTAGTCTT AL-SV 
TTTGCAATIGGCOCAGTCGATGTGAT-----~ CTCTTT. .AAGGGAAGGGA, AGTGACATATT 17.6 
LTR LIR 


Fig. 3 The nucleotide sequences at the interval junctions of LTR 
of 17.6. The upper sequence is for the avian leukosis—sarcoma virus 
(AL-SV¥!, while the lower one is for 17.6 (ref. 7). The correspon- 
dence of the base sequence between 17.6 and AL-SV is essentially 
the same as that previously described’. The L-shaped arrows label- 
-Jed LTR indicate the LTRs of 17.6. Two downward arrows show 
othe internal ends of LTRs of AL-SV DNA before integration. The 
< thick tine over the nucleotide sequence of AL-SV shows the primer 
BR binding site, whereas that of 17.6 indicates the putative primer 
; binding site in a. 17.6. 






Since the 4,.5-kb region in 17.6 as well as that in 297 include 
two open reading frames corresponding to polypeptides witl 
molecular weights of 100,000 and 50,000, these coding regions 
may possibly be for a putative enzyme responsible for the 
site-specific integration of both 17.6 and 297. It is als 
noteworthy that 6 of the 11 target sites of 17.6 are localize 
within TATATAT, a canonical sequence of the TAT. 
boxes*(TATAZA4), although at present, it is not understo 
what fractions of these sites can function as real TATA box: 
The nucleotide sequence apparently corresponding to. th 
primer binding site, which is mandatory for reverse transcription 
in a retrovirus system, has been recognized near one of th 
internal junctions of the LTRs of 17.6 (ref. 7). Furthermore, o 
recent analysis of the nucleotide sequence of 17.6 revealed tha 
the amino acid sequence of a central portion (molecular weig 
in 30,000) of the polypeptide expected to be derived from t 
largest open reading frame of 17.6 is highly homologous to t 
of the counterpart of reverse transcriptase of Moloney murin: 
leukaemia virus. Apparently, these findings provide pos 
evidence for the notion that 17.6 RNA is reverse-transcribab 
Our sequence analysis presented here, however, shows that 
unlike retroviruses'*, in the case of 17.6 the left-most base 
the putative primer binding site and the right-most base of th 
left-hand LTR overlap each other (Fig. 3). If'a target for 
is also ATAT, then the situation is the same. in the case of 2 
(ref. 7). Thus, it is suggested that even if 17.6 and 297 RN. 
can be converted to DNA, the mechanism of reverse transcrip: 
tion of 17.6 and 297 must differ somewhat from those of retro 
viruses. 
We thank K. Hattori for carrying out the restriction enzyme 
mapping. This work was supported by grants from the Min 
of Education, Science and Culture of Japan to K.S. ae 
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Type IH collagen is often found in the same tissues as type 

collagen, yet the function and nature of the fibrils formed by th 
two collagens differ markedly 1-3, To understand the evolutionary 
history of the collagen gene family in more detail, we isolated the 
gene for type ITI collagen and compared its structure with that of 
the gene for @2(1) collagen*””. This comparison points to a remark- 
able conservation in the size distribution of the exons coding for. 
the helical part of these two collagen polypeptides: equivalent 
amino acid segments in the helical domain of each polypeptide 
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are eni | by exons of e $ ch gene. This suggests 
that after the interstitial collagen genes had been duplicated from 
common ancestor about 2-5 x 10° years ago”, no recombinations 
tween these exons were tolerated, although the same recombina- 
tional phenomena must have played an important part.in shaping 
the structure of the progenitor for these genes. This fixation of 
the size distribution of the exons which code for the interstitial 
collagen helical domains is found despite the persistence in these 
exons of sequence elements that should have favoured recombina- 
ional rearrangements, and contrasts with the variations in the 
attern of sizes of some exons coding for the amino and carboxyl 
propeptides of these collagens. 

















g- 1 Overlapping clones of the chick type III collagen gene and map 
gift from: Dr:S. Dodgson) containing fragments of a partial Alul~Haelll digestion of chick DNA cloned into: the A Charon 4A vector, was 
creened as described previously*'. The isolation of the first clone has been reported previously'', It was-isolated. by cross-hybridization with 

‘aI collagen cDNA clone? shown as segment A. Subsequent clones were isolated by successive screening of the library using as 
ridization probes the genomic DNA fragments marked B, C; D; E-and F. R indicates EcoRI sites. Horizontal arrows pointing to the right 
licate that the 5’ 3’ orientation of the type Ill collagen gene sequences is the same as the conventional §’> 3 orientation of the A map. 
orizontal arrows pointing to the left indicate that the orientation of the collagen gene sequences is opposite to that of the A map: -b; Arrows 








clones which cover about 60 kilobases (kb) of contiguous DNA 
sequences in the chick genome and span almost the entire gene 
(Fig. 1). Figure 2 shows a diagrammatic representation of the 
structure of the al(II]) collagen gene derived from measure- 
ments of R-loop electron microscopy data obtained by hybridiz- 
ing each clone with a preparation of a (II) collagen mRNA. 
The a 1(I1) collagen gene is at least 35 kb long and contains 
more than 49 exons. The precise location of the 3' end of the 
gene was previously determined by DNA sequencing’. We have 
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s of fragments used for DNA sequence analysis. a, A genomic library 


dicate the dirgction of sequencing. The numbers above the arrows represent exon numbers. The DNA fragments were labelled with ??P at 
either their 5‘ or 3’ end by T4 kinase or terminal transferase, respectively. Nucleotide sequences were determined as described by Maxam and 
Gilbert". a, 5.5-kb EcoRI fragment of C3-C1-24; b, 1.7-kb EcoRI fragment of C3-C1-24; c, 5.7-kb EcoRI fragment of C3-C3-15;.d,.0.6-kb 
-Hindill—EcoRI fragment of C3-C5-1. B, C, H, H’, P, Pst, S and X indicate the restriction enzymes BamHI, Cfo, Hindi, Hinfl, Poull, Pstl, 
H ; , ‘Sacil and Xbal, respectively. ; PA 
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Fig.2 Schematic comparison of the structures of the a1 (IID) and a2(1) collagen genes. Vertical bars represent exons. Horizontal indy betwe 
vertical bars indicate introns. The sizes of the introns were determined. by electron microscopic analysis. of R-loops between ‘each oft 
“recombinant DNAs shown in Fig..1 and a preparation enriched for chick type II collagen RNA. DNAs.from each of the genomic. ‘clones 
(5 ug ml~') and from Charon 4A (5 pg ml~') were heat:denatured. and mixed with chick embryo crop poly(A) RNA (3 ug in 20 yl) in 50% 
formamide, 0.1 M Tricine pH 8.0 and 0.5M NaCl for 3h at 52°C. Samples were mounted for electron. microscopy as described elsewhere’? 
Double-stranded circular simian virus 40 DNA was used as an internal size standard. The structure of the 3’ part of the gene was reported 
7 previously" . The size of the overlaps between clones was determined by measurements of: heteroduplexes between two overlapping clones o 
: similar polarity, The number of exons is based on careful examination of multiple R-loop electron ie iiniae one cannot exelude the 


changed compared with previous publications from this laboratory®’ 





Amino acid 
sequence homology: 
‘ Size of : 

number l exon (bp) Human Cat 
49 cctag _GA GGA TGT ACC CAT CTT GGG CAG GAA TAT GGT GAC AGG GAT GTT TGG AAA CCA 203 87% 
Gly Gly Cys Thr His Leu. Gly Gin Glu Tyr Ala Asp Atg Asp Val Trp Lys Pro 4 





GAG CCA TGC CAA ATC TGT GTG TGT GAC TCT GGA TCT- GTT. CTC TGT GAT GAC ATC 
Glu Pro Cys Gin Ile Cys Val Cys Asp Ser Gly Ber Val Leu Cys Asp Asp Ile 


ATC TGT GAT GAT CAG GAG TTG GAT TGT CCC AAC CCA GAG ATT CCC CTC GGA GAA 
Ile Cys Asp Asp Glin Glu Leu Asp Cys Pro Asn Pro Glu Ile Pro Leu Gly Glu 


TGC TGT CGA GTT TGC COG CAG ACA ACA CCA CAG CCT ACA AAA gtaagt 
Cys Cys Pro Val Cys Pro Gln Thr Thr Pro Gin Pro Thr Arg 


35 ttaag GGT CCT CCA GGT CCC CCT GGA ACT GCA GGA TTT CCG GGC TCT CCA GGT TTT AAG gtattt 54 94% 
Gly Pro. Pro Gly Pro Pro. Gly Thr Ala Gly Phe Pro Gly Ser Pro Gly Phe Lys 
160 177 
34 ettag GGT GAA GCT GGT CCT COT GGC CCT GCT GGT GCT AGT GGC AAT CCT GGT GAG AGA 99 67% 
Gly Glu Ala Gly Pro Pro Gly Pro Ala Gly Ala Ser Gly Asn Pro Gly Glu Arg 
178 
GGA GAA CCT GGT CCT CAG GGT CAA GCT GGC OCC CCT GGG CCT CAG ptacee 
Gly Glu Pro Gly Pro Gin Gly Gin Ala Gly Pro Pro Gly Pro Gin 
210 
33 tecag GET CCT CCT GGA AGA GCT GGA AGC CCT CGC GGC AAG GGT GAA ATG gtaagt 45 87% 
Gly Pro Pro Gly Arg Ala Gly Ser Pro Gly Gly Lys Gly Glu Met 
211 225 
Kat tttag GGA GAA CCT GGT AAG AAT GGT GCA AAA GGA GAT CCA GGC CCA AAA GGC GAG CGT. gtaagt 54 89% 
Gly Glu Pro Gly Lys Asn Gly Ala Lys Gly Asp Pro Gly Pro Lys Gly Glu Arg 
259 276 
30 gccag GGT GAA AAT GGC ACC CCA GGT GCG CGT GGA CCT CCC GGA GAG GAA GGC AAG AGA 108 61S 
Gly Glu Asn Gly Thr Pro Gly Ala Arg Gly Pro Pro Gly Glu Glu Gly Lys Arg 
277 
GGT GCA AAC GGT GAA CCT GGT CAG AAT GGC GTT CCT GGG ACA CCC GGA GAG AGG gtaaac 
Gly Ala Lys Gly Glu Pro Gly Arg Lys Gly Val Pro Gly Thr Pro Gly Glu Arg 
312 
28 tttag GGT CCT GGA GGT GAG CGT GGC AGC CCA GGT COC CCT GGC CCA AGT GGA CCT GCG 3 99 72% 
Gly Pro Ala Gly Glu Arg Gly Ser Pro Gly Pro Pro Gly Pro Ser Gly Pro Ala 
331 i : 
GGA GAC CGT GGT CAA GAT GGA GGC CCA GGT CTT CCA GGA ATG AGG gtaaga 
Gly Asp Arg Gly Gln Asp Gly Gly Pro Gly Leu Pro Gly Met Arg 
. 363 i 
14 tgtag GGT GCT GCT GGT TTC CCT GGT GCT CCT GGT CCA CCC GGT CCC CCT GGT AAT AAT gtaagt 54 LERS 
Gly Ala Ala Gly Phe Pro Gly Ala Arg Gly Pro Pro Gly Pro Pro Gly Asn Asn 
697 714 
9 tgcag GGT GAC CGT GGT GAA AGT GGC CCT CCT GGT GTT CCA GGA CCT CCT GGT CAC CCA 108 67% 
Gly Asp Arg Gly Glu Ser Gly Pro Pro Gly Val Pro Gly Pro Pro Gly His Pro 
859 
GGG CCT GCA GGT AAC AAC GGA GCC CCT GGA AAA GCT GGT GAA AGA GGA TTT CAG gtaaaa 
Gly Pro Ala Gly Asn Asn Gly Ala Pro Gly Lys Ala Gly Glu Arg Gly Phe Gin 
894 
6 tgtag GGT CCC CTA GGT CCT CAA GGT GCA ATT GGA AGT CCA GGA CCT TCA GGA GCA AGG gtaage 54 72% 
Gly Pro Leu Gly Pro Gln Gly Ala Ile Gly Ser Pro Gly Ala Ser Gly Ala Arg 
949 966 
5 tctag GGC CCA CCC GGA CCA GCT GGG CCC CCT GGA AAA GAT GGT AGA GGT GGC TAC CCA 108 78% 
Gly Pro Pro Gly Pro Ala Gly Pro Pro Gly Lys Asp Gly Arg Gly Gly Tyr Pro 
967 
GGT CCA ATT GGT CCT CCT. GGC CCG COG GGT AAC. AGA GGT GAA AGT GGC CCT GCA gtaagt 
Gly Pro Ile Gly Pro Pro Gly Pro Arg Gly Asn Arg Gly Glu Ser Gly Pro Ala 
1002 


‘Fig: 3 Nucleotide sequence of various exons of the type II collagen gene. Numbers beneath the amino acid sequence correspond to the: 
: residue numbers in human type IH collagen**. Underlined nucleotide sequences indicate splicing signals. By comparing the amino. acid- 


_ Sequences deduced from. the exon: sequences with the known amino acid sequences of human. and calf ‘a 1(I11) collagen, we were able to. 
i assign the sequences encoded by the exons to „specific amino acid segments in the al (1H) polypeptide. 























































ot yet determined the exact location of the 5’ end of the gene 
ut have evidence that a very large intron separates the 5’ most 
proximal exon of the æ 1(I1I) collagen gene and exon 49 (M.M., 
npublished results). The DNA sequence of exon 49 indicates 
hat this exon contains 203 base pairs (bp) and codes for the 
amino-terminal portion of the N-propeptide, From the sequence 
f a cDNA corresponding to the 5’ end of this mRNA”, one 
can deduce that there must be at least one additional exon 
located 5’ to exon 49—this exon should contain the information 
for the 5’-untranslated region, the signal peptide and also for 
the first 5} residues of the aminopropeptide of a LIL) collagen. 
In @2(1) genes in the chick®®? and mouse’* and in human 
@1(I) (see accompanying paper'*) and the chick a (II) collagen 
genes (W. Upholt, personal communication), exons which code 
for the helical domain of the protein all fall in a small number 
of very discrete size classes. The majority of exons are 54 bp 
long, whereas the other exons have sizes of 45, 99, 108 and 
62 bp. These studies suggested (1) that the ancestor for these 
collagen genes had been assembled by amplification of a genetic 
Unit containing an exon of 54 bp embedded in intron sequences’, 
) that exons which are shorter or longer than 54 bp presumably 
arose from secondary recombinational rearrangements between 
-bp exons, and (3) that the relative frequency of the exons 
which are shorter or longer than 54 bp was a reflection of the 
Many secondary recombinational rearrangements of exons that 
occurred during or after the assembly of the ancestor for the 
terstitial collagen genes. 
To determine whether exons containing 54, 45, 99 and 108 bp 
the a2(I) gene have the same length at identical positions in 
he œI). collagen gene, we determined the nucleotide 
quence of 10 exons coding for the helical domain of «œ 1) 
collagen, and of one exon for the globular domain of the 
aminopropeptide (Fig. 3). The DNA sequence of the four exons 
coding for the carboxyl propeptide was determined previously’. 
Exons 35, 31, 14 and 6 contain 54 bp, exons 30, 9 and 5 have 
8 bp, exons 34 and 28 contain 99 bp, and exon 33 is 45 bp 
long. We can also deduce that exon 29 has 54 bp and that exon 
2 has 99 bp, as each of these two exons lies between a pair of 
axons for which the sequence was determined. As in the other 
interstitial collagen genes, the first codon of each exon is always 
glycine triplet dnd the last codon is the one preceding a glycine 
codon. Exons 1, 2, 3 and 4 which encode the C-terminal propep- 
tide contain, respectively, 1,300, 243, 188 and 283 bp". 
Figure 4 shows that the pattern of sizes for the exons coding 
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Fig.4 Comparison of the pattern of exon sizes in the type IH and a2 type I collagen genes. Boxes represent exons: open boxes, 3’-untranslated 
< Segments. The numbers immediately under or above the boxes indicate exon sizes in bp; those between parentheses were not obtained from 
the nucleotide sequence but were deduced. Numbers between exons represent intron sizes in bp. Numbers preceded by a.a. represent amino 
-acid residue numbers in the protein sequence. The upper and lower line represents the al (HTI) and @2(1) gene, respectively. The location of 
the exons that were examined within these genes and their numbers (as noted in Fig. 2) are indicated. The helical domain of human and calf 
_w1(1H) collagen contains three more residues at the amino-terminal end than the helical domain of @2(1) collagen. This explains why the 
amino acid residue numbers of a1 (III) collagen differ by three from those of o2( I) collagen. We also noted that three amino acids present 
at the carboxy-terminal part of the helical domain of the a1 (III) 


gene in humans are not found in the chick a HIH) collagen. 


for the helical domain of the polypeptide are precisely conserved 
in the a (HI) and «2(1) collagen genes, although the sequences 
at these exons vary considerably. Equivalent amino acid seg- 
ments that are encoded by exons of a given length in one gene 
are also encoded by exons of identical length in the other gene. 
In contrast to the conservation of the sizes of the exons coding 
for the helical domain of the polypeptide, the sizes of the exons 
coding for the N-propeptide and the C-propeptide are not as 
well conserved. Exon | of the a1(III) gene is larger than exon 
l of the a2(I) gene because of a much larger 3’-untranslated 
sequence, the length of the coding region of exon 1 being the 
same in the two genes®'°. Exon 3 has 3 bp less in the al(III) 
gene. Exon 4 has 36 bp less in the a2(1) gene than in the a 1H) 
gene. Exon 49 is much larger in the gene for a IITE) than the 
equivalent exon in the gene for @2(1) collagen'*. Other elements 
of these genes have also changed: except for the splice signals, 
the sequences and sizes of the introns are very different. There 
are also several repetitive sequences in each gene. Each gene 
contains a member of the CR, repetitive family, but these are 
found in two very different places in the two genes, and their 
sequences, although related, are not very similar (R. Frunzio, 
personal communication). What emerges, therefore, from a com- 
parison of the structure of these two genes, is a rigid conservation 
in the pattern of sizes of the exons coding for the helical segments 
of the proteins, in contrast to changes in the sizes of some of 
the other exons and a large range of variations in all other 
elements of these genes. 

Although the positions and the number of introns are conser- 
ved among the members of many other multigene families (the 
actin gene family is an exception to the rule), the sizes of 
equivalent exons are often not strictly conserved in different 
members of a family!***, 

The strict conservation of the pattern of sizes for exons encod- 
ing the helical domains of two chick collagens suggests that the 
presumed recombinational rearrangements of exons that occur- 
red during or after the assembly of the ancestral gene, were no 
longer tolerated after the two genes had been duplicated from 
a common ancestor, despite the presence in these exons of 
conserved sequence elements that should have favoured rec- 
ombinational rearrangements (that is, repeating glycine triplets 
often associated with proline codons). These presumed recombi- 
national rearrangements include unequal crossings-over 
between 54-bp exons to generate 45- and 99-bp exons,. and 
fusions of 54-bp exons by recombination between the gene and 














‘acDNA iibermedigte™?. to generate 108- b9 and 162-bp exons. 
At one time in evolution during the assembly of the progenitor 
for the interstitial collagen genes, the sizes of the exons coding 
for the helical domain of the polypeptide became fixed, whereas 
many other elements in this gene continued to drift. It is unlikely 
that the uniformity in the pattern of exon sizes which we have 
observed was achieved by more recent phenomena related to 
gene conversion, because the sequences of a given exon are, in 
general, more analogous to the equivalent exon in the same 
gene in another species than to any other exon. The complete 
divergence of the intron sequences and the presence of repetitive 
sequences at different locations in these two genes are consistent 
with this notion. The fixation of the size of exons may have 
corresponded to the acquisition of an optimal length for the 
collagen molecule, although one has to assume that at least 
some of the preceding exon amplification steps and some of the 
previous recombinational rearrangements of exons, both of 
which changed the size of the collagen polypeptide, also pro- 
vided an evolutionary advantage to the species in which it 
occurred, Reaching a functionally optimal length meant that 
the size of the helical domain of the collagen polypeptide could 
not be altered although changes in the sizes of the N- and 
C-peptide took place. A probable determining factor in optimiz- 
ing the-length of the collagen chain can probably be found in 
the highly structured fibrils of the different interstitial collagens 
which are the result of the interactions-between individual triple 
helical collagen molecules that overlap each other in a regular 

“and repeating. pattern. Shorter or longer polypeptide chains 
which would be generated by recombination between exons 
could be expected to impede the orderly formation of these 
highly organized fibrils. 

The above arguments do not explain why adjacent exons were 
not fused together more often by the elimination. of intervening 
introns, a rearrangement that would not result in changes in the 
size of the polypeptide. The occurrence of several 108-bp exons 

Suggests that such fusions occurred during or after the assembly 
of the ancestral gene. A possible explanation is based on the 
hypothesis that in order to convert the primary transcription 
products of these genes to a mature, translatable messenger 
RNA, a uniquely ordered succession of splicing reactions must 

‘take place, ensuring that the correct splicing partners are jux- 
taposed each time a splicing reaction occurs so that the 50 or 
so introns are precisely eliminated from the RNA precursor 
without the removal of exon sequences. During the formation 
of the gene an increasingly complex splicing pattern was prob- 
ably engendered, characterized by a unique succession of 
splicing reactions. Removal of one or more introns in the DNA 
might cause a change in this succession of splicing reactions 
and ‘produce an aberrant pattern of juxtaposition of splicing 
partners. 

_ “The rigid structural features of the interstitial collagen 

molecule itself are paralleled by a rigid evolutionary history 
which maintained the sizes of the exons, in contrast with the 
higher flexibility which has characterized the evolution of the 
globular domains of the collagen polypeptides. In general, rigid 
structural proteins may probably be expected to have undergone 

a much more conservative evolution than more flexible globular 

polypeptides. 
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The collagens represent an interesting example of a structural 
related but genetically distinct family of proteins’. Type I, the 
most abundant of the vertebrate collagens, comprises two proa K 
chains and one pro@2(1) chain, each containing terminal propep- 
tides and a central domain of 338 (Gly, X, Y) repeats. The structure 
of the chicken pro@2(1) gene shows an intriguing relationship 
between exon organization and the arrangement. of (Gly, X,Y) 
repeats (see ref. 2 for review), This has led to the suggestion? that 
the collagens evolved from a common ancestral unit of 54 ba 
pairs (bp). Here we present the structure of the entire human 
proa1(I) gene. and compare this with the chicken proa2(D. The 
exon arrangement of the two genes is remarkably similar, although 
the human proa@1(D. is more compact because. of the: short 
length of its introns. The data strongly support the notion tha 
the type I genes have evolved from an ancestral multi-exon unit, 
and that once the gene was translated, a strong evolutionary 
pressure caused it to maintain this elaborate structure. 

The human proe I(T) collagen gene was isolated within thre 
overlapping genomic clones (Fig. 1). The gene is interdispersed 
by 50 introns, resulting in a highly complex structure, remarkably 
similar to that of the chicken proa2(1) gene (Fig. 2). However,’ 
whereas the intron sequences of the proa2(1) constitute: 3 
kilobase pairs (kbp) or 90% of the total gene size (39 kbp)’, the 
combined length of the proa1(I) introns is 12 kbp or 70% of. 
the total gene size (18 kbp). Thus, the great disparity in the 
lengths of the type I genes is primarily due to the size of their 
introns, which otherwise are localized in homologous positions, 
Forty-one exons consisting of 54 or a multiple of 54, code for 
996 amino acid residues of the triple helical domain of th 
proal(1) gene. Comparison with the avian geng (H. Boedtker, 
personal communication) revealed only one major difference: 
amino acid residues 568-603 are encoded by a single 108-bp 
exon (number 19) in the proa 1(1) gene and by two 54-bp exons: 
in the proa2(1) gene. A similar picture of structural complexity 





















Fig. 1+ Composite restriction endonuclease map of the 
human proa!(1) collagen gene clones RMS-1, RMS-7 
and RMS-8. The upper half shows 40 kbp of genomic 
DNA containing the proa1(1) gene (solid box) and its 
-relationship with the three domains of the protein 
molecule: amino-terminal prepropeptide (N), a-chain 
(a) and carboxy-terminal (C). The open boxes represent 
the 5’ and 3’ noncoding regions. The dotted line in the 
latter indicates the end of the smaller polymorphic 
“mRNA transcript!®, the exact 5’ and 3’ ends of the gene 
were determined by S, nuclease mapping in conjunction 
with DNA sequencing (M.-L. Chu er al., in preparation). 
The solid arrow indicates the position of short repetitive 
sequences; dotted arrows indicate the approximate posi- 
tion of other repetitive sequences of undetermined size. 
‘Two of these repetitive elements were sequenced and 
‘found to be different members of the Alul family. 
imilarly to the germane elements of the human 
‘ptoa2(I) collagen gene’? one of the proa!(I) 
repeats is localized 3 kbp downstream from the termina- 
‘tion codon and the other is found 12kbp upstream 
within the second largest intron (XXVI) of the gene. 
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s emerging for the other fibrillar collagen genes, proa!(I1)* 
and proa I(II1)’, strongly suggestive of an evolutionary pressure 
preserving the pattern of the triple helical domain exons. The 
arge number of introns inevitably raises questions about their 
possible function and origin as well as the role of the exons in 
he evolution of the protein molecules. Although it is clearly 
possible to define 41 functional domains within the triple 
elical region, it is possible that this gene structure is a con- 
quence of the existence of some functional domains, each 
ncoded by a group of exons. For example, the charge distribu- 
ion of these structural modules could be involved in the normal 
srocess of D-periodic fibre formation and possibly i in the interac- 
ions of the collagens with other macromolecules’. The observed 
onservation of exon size and arrangement may, therefore, indi- 
ate that the triple helical region of the fibrillar collagens is 
made up of different modular structural and/or functional units, 
itherto masked by the repetitive nature of the (Gly-X-Y) units. 
For example, exons 7, 12, 15, 20 and 41 may represent such 
modular units. Exon [2 (amino acid residues 766-801) encodes 
he Gly-Ile vertebrate collagenase cleavage site as well as the 
jutative fibronectin: binding site amino acids (766-788)°. Both 
xon 7 (amino acids 910-945) and exon 41 (amino acids 73-90) 
ontain the core structure ‘Gly-X-Lys-Gly-His-Arg which has 
yen implicated. in interchain cross-linking with amino- and 
sarboxy- terminal lysines when collagen is packed in a quarter- 
tagger arrangement’, In addition, we have identified four 
ther regions showirig a related arrangement (Gly-X-Lys-Gly-X- 
Arg). One of these, amino acid residues 682-687, is contained 
n exon 15 (amino acids 676-693) and serves as a carbohydrate 
tachment site’. Another region, between amino acid residues 
$62.and 567, is present in exon 20 (amino acids 532-567) and 
thought to interact with the carboxy-terminal allysyl or 
droxy-allysyl residue within the D stagger arrangement of 
ollagen molecules’. The specific biological role, if any, of the 
ther two related sequences, located in exon? (amino acids 
156-89 1) and exon 13 (amino acids 712-765), is not yet known. 
As. originally observed for the chick proa2(I) gene’, the 
unctions between the central triple helical region and the ter- 
minal peptides are each located within single exons (4 and 46) 
ding for the propeptidase cleavage sites (Figs 2, 3). Similarly, 
he conserved size and distribution of the carboxy-terminal 
ptide. exons strongly support the idea that they define func- 
ionally distinct, subdomains’ (Figs 2, 3). An identical exon- 
ntron arrangement is also observed for the amino-terminal 
eptide of the proa II) (pNal(1)) and proa2(1)* (pNa2(1)) 
lagens, although the coding capacity of the latter is 50% less 
han. the former’ (Figs Ba) Exons 47, 49 and 51 represent 
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Underneath is shown the region of the proa 1(F) gene covered by two cDNA clones (Hf-404 and Hf-677)' used for its isolation. At the bottom 
are shown the relative positions of the three overlapping genomic clones and their orientation within the left (L) and right (R) arms of the 


junction exons between the three regions which are conven- 
tionally recognized within the pNaI(1)' (Fig. 3). Interestingly, 
the amino-terminal globular region is clearly demarcated into 
three distinct subdomains with the 10 cystinyl residues involved 
in interchain disulphide bonding, clustered together in exon 50. 
In addition, the stretch of acidic amino acid residues in exon 
51 seems to be particularly prone to changes compared with the 
mouse and chicken pNa@l(I) as well as the calf and chicken 
pNa (HI). The last exon (51) of the human gene contains 
the signal peptidase cleavage site, which Tate er al’? localized 
to the penultimate exon of the chicken proa2(1) gene. However, 
another potential signal peptidase site (Ala-Thr-Ser|Gin) can 
be recognized in the last exon of the avian gene. On this basis 
and because of the structural analogies shared by the two genes, 
we favour the notion that the junction between the signal peptide 
and the amino-terminal domain is contained within the same 
exons, the last, in both genes. One implication is that the two 
very small exons (11 and 18 bp) of the avian gene are probably 
vestiges of larger coding units of the globular region, absent 
from pNe2(t). 

The structure of the collagen genes represents a unique 
example of a mosaic of functions which have been proposed 
for introns. The introns of the terminal propeptides seem to 
separate exons coding for functionally distinct domains, whereas 
the triple helical introns may stabilize the number of the repeti- 
tive coding units because of the rigorous length requirements 
needed for normal fibrillogenesis'. Another alternative is that 
the triple helical exons represent different functional sub- 
domains similar to those observed in the terminal propeptides. 
A third and more attractive possibility is that during evolution 
both phenomena have concurred in generating this complex 
gene structure which satisfies the structural and functional 
criteria mentioned above. In this.context it is interesting that a 
36-bp exon coding for four (Gly-X-Y) units is present in the 
less conserved amino-terminal. propeptide region and that the 
exon structures of invertebrate collagen genes do not even 
remotely resemble the 54-bp coding unit’. 

Our results suggest that the type I collagen genes evolved on 
different chromosomes'* from a common multi-exon structure, 
which in turn may have originated from a basic 54-bp coding 
unit’, and diverge from each other both at the level of the coding 
sequences'’® and of the size of the introns. The conservation of 
the exon structure indirectly indicates that a strong selective 
pressure has been exerted, probably because of rigorous length 
requirements of the protein molecules. Although gene families 
are considered to evolve in concert through gene conversion, _. 
genes on non-homologous chromosomes may differentiate more. 
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Fig. 2 Overall exon—intron structure of the proa1(1) collagen gene. R-loop analysis was carried out as described elsewhere'®, DNA-RNA_ 
hybrids between proa!(1) mRNA and the RMS-8 4.8-kbp BamHI subclone in pBR322 (a), the RMS-8 7:6-kbp Hindlil-EcoRI subclone in 
PBR322 (b) and RMS-I (c and d) were photographed witha Philips 301 electron microscope and digitized at a final magnification of x 150,000. 
Single-stranded and the double-stranded replicative form of phage @X174 were included for length calibration. Interpretive tracings are shows 

„beneath the four micrographs. The numbers correspond to the exons, beginning at the 3’ end of the gene. Parallel lines indicate vecto t 
Sequences, The unhybridized 5' ends of proa 1(1) mRNA are also shown in b and c, The diagram represents the schematic exon-intron map: 
‘of the gene: black boxes correspond to exons, white boxes represent introns and grey boxes correspond to the 5’ and 3’ noncoding sequences, | 

< with the vertical dotted line indicating the end of the small polymorphic mRNA transcript (M.-L, Chu et al, in preparation). The determination 
of the amino acid residues encoded by those exons which were not sequenced and which are discussed in the text, was based on hybridization. 
analysis of various cDNA sub-fragments and on coding requirements. The black bars at the bottom of the figure indicate areas of the 
which were subjected to nucleotide sequencing; some of the sequences are shown in Fig, 4, the others either have been already reported 
will be presented elsewhere (M.-L. Chu et al, in preparation). The exact sizes of some of the triple-helical exons are indicated by the following: 
A, 45 bp; B, 54bp; C, 99 bp; D, 108 bp. Note that the exon 13 is the largest exon of the triple helical’ domain® (162 bp). The intron/exon 
ratios in the three regions coding for the different protein domains are 4 (N-terminal propeptide), 3 (triple. helix) and 0,8 (C-terminal 
propeptide); these values are proportionally comparable with those of the proa2(1)*'* and proa (HI)? collagen genes, and similar to those. 

of the proai (TI) gene (L. Sandell, personal communication). SIBRARY COMPLE 
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the exons coding for the various 
domains of the terminal propep- s 
tides': A, amino-terminal globular 
domains containing the cysteine-rich 
region (vertical bars) and the signal 
peptidase cleavage site(s); B, amino- 
terminal triple helical domain; C, 
short non-helical domain containing 
the amino-terminal peptidase 
cleavage site(n); D, large triple 
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helical domain; E, carboxy-terminal € 
. oe xXONS 
propeptide containing -the carboxy- 
terminal peptidase cleavage site(c), 
and the cysteine residues (vertical Introns 


bars) used for intra- and interchain 
bonds (dotted line). Exon sizes are 
indicated inside the boxes, whereas the approximate intron lengths are indicated at the bottom of the open triangles. Only jntrons XLIX, 

-0O RLVH and XLVI were sequenced and the exact values are underlined. The sizes indicated in the figure for the first and last exons refer” 
“only to coding sequences. The real size of exon 51 is 222 bp, whereas exon 1 is 1,424 bp long. Note that within the latter exon there arë two 
olymorphic adenylation sites (Figs 1, 2) which generate, respectively, a 4.8-kb and’a 5.8-kb proa!(I) mRNA transcript (M.-L. Chu et al, in 
ration). : à 
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ep Gly Ile Pro Gly Gin Pro Giy Leu Pro Gly Pro Pro Gly Pro Pro Gly Pro Pro 
ow a * * * k * * * * t 


* * * « * à * * * * * « k * à m ~ ~ 


GGA CCC CCT GGC CTC GGA GGATAAC TTT GCT CCC CAG CG TCT TAT GGC TAT GAT GAG 


‘Gly Pro Pro Gly Leu Gly Gly Asn Phe Ala Pro Gin Leu Ser Tyr Gly Tyr Asp Glu 
* * * * t k 2 a * * * * * * * * ca 


CANA TCA ACC GGA GGA ATT ToC GTG CCT GGC CC ATG 


ya Ser Thr Gly Gly lle Ser Val Pro Gly Pro Met 
* * k a n kd * * kd * + * 


Fig. 4 Nucleotide sequences of exons 46-51; the derived amino 
acid residues are compared with the corresponding sequences from 
calf, mouse and chicken''~'*. Asterisks represent identity with the 
human sequences: boxes identify deletions and dashes indicate 
that the sequences are unknown. The mouse amino acid sequences 

„have been determined only for exon SI (ref. 11). A high degree 
of nucleotide sequence conservation exists between the mouse and 
human gene from the beginning of intron L to position —215 (ref. 
1l and M.-L. Chu et al., in preparation). The amino acid residues 
are numbered from the initiation site of translation; the two arrows 
indicate the cleavage sites of the signal and amino-terminal pep- 
tidases. Triangles demarcate the exons. (Compare with the sche- 
matic representation in Fig. 3.) Only one of the five amino acid 
residues comprising the short non-helical stretch is coded for by 
exon 47, which also contains the sequences for 11 of the 16 
(Gly-X-Y) units of the triple helical segment. The rest of the 

© amino-terminal triple helical region is localized in exon 48 (4(Gly- 

X-Y) units) and in the 35-bp exon 49. The latter, in addition, 
encodes the last 87. amino acids of the globular domain, thus serving 
as a junction between the globular and amino-terminal triple helical 
domains. Exon 50 (195 bp) codes for 65 amino acids of the globular 
: domain, thë remaining 124 amino acids of which are encoded by 
exon 51. Exon S4 contains the sequences of the signal peptidase 
cleavage site, the signal peptide and the 119-bp-long 5’-untranslated 
region. 


an those on homologous chromosomes”. It is tempting, there- 
‘ore, to speculate that the observed differences in the length of 
> collagen genes may reflect the different chromosomal origin 
f two or more distinct gene clusters because of a faster rate of 
ene conversion within a given cluster or subfamily of genes. 
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Errata 


Holocene alluviation and 
hydrology in the upper Thames basin 





M. A. Robinson & G. H: Lambrick 
Nature 308, 809-814 (1984) 


ON page 811, Fig. 2, site 1, ~AD 7 should read 7th century AD 
and, similarly, mid AD 10 in Fig. 3, site 8 should be mid-10th 
century AD. 


Auditory receptive fields in 
primate superior colliculus 
shift with changes in eye position 


Martha F., Jay & David L. Sparks 
Nature 309, 345-347 (1984) 


THE following lines of text were omitted from page 347, second 
paragraph, between ‘With gaze directed at the centre fixation’ 
and ‘SR burst cells tested in this manner’: 

‘... light, saccades to an auditory or visual target placed 10° 
above and 16° to the left of centre were preceded by a vigorous 
burst of activity. When the leftward initial fixation point was 
viewed, requiring a saccade to this same target of 10° up and 
8° right, the neurone failed to produce a burst of activity regard- 
less of target modality. Comparable results were obtained from 
the 23...’. 


Isotope studies of insular. 
phosphates explain atoll phosphatization 


Paul Aharon & H. H. Veeh 
Nature 309, 614-617 (1984) 


ON page 614, in the second sentence of the first paragraph, 
*pohsphates’ should read ‘phosphates’. In Table 1, the second 
entry under ‘Nauru’ should be NRU-2, not NRU-5, and in the 
last line of the table legend, the 1o error is incorrectly given as 
+1%—it should read £0.1%. 
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Order out of Chaos: Man’s New Dialogue with Nature. 


By Ilya Prigogine and Isabelle Stengers. 


Bantam, New York: 1984. Pp.349. Pbk $8.95, 
To be published in the UK on 6 August by William Heinemann, hbk £9.95. 





WHEN Galileo and Newton formulated 
the laws of classical mechanics, they 
revolutionized man’s understanding of the 
Universe and his power to predict and con- 
trol the behaviour of small parts of it. 
Nevertheless two aspects of Newtonian 
mechanics have puzzled people who 
looked at the world about them and won- 
dered whether Newtonian mechanics was 
sufficient to explain its behaviour. One of 
these aspects’is its determinism — the fact 
that.the laws of motion, taken together 
with the dynamical state of the Universe 
(the positions and the velocities of all the 
particles init) at some arbitary instant, 
completely determine the entire past and 
future of the Universe. This is, to say the 
least, somewhat humiliating to us human 
beings who do not like to think that the 
actions and decisions we agonize over, the 
immortal flashes of creative inspiration, 
have ‘‘in reality” been predetermined since 
the world began. Somehow, it seems, 
human beings have been left out of the pic- 
ture. In the words of Jacques Monod, cited 
on page: 3 of the book under review: 


Man must. . . at last realize that, like a gypsy, he 
lives‘on the boundary of an alien world. A world 
that is deaf to his music, just as indifferent to his 
hopes as it is to his suffering or his crimes. 


The other puzzling aspect of Newtonian 
mechanics is its symmetry under time 
reversal: for every possible motion of a 
dynamical system there is another in which 
the same sequence of dynamical states is 
traced out in precisely the opposite order. 
The behaviour of real physical systems, on 
the other hand, is rarely symmetrical under 
time reversal; and so Newtonian mechanics 
alone is not sufficient to explain their 
behaviour. 

The twentieth century has. seen two 
further revolutions in the science of mech- 

anics, but neither has totally overcome the 
misgivings aroused by Newtonian 
mechanics. Relativity theory, with its 
emphasis on the role of the observer, seems 
at first sight to bring human beings into the 
picture; but the resulting picture is no less 
deterministic than Newton’s. Indeed 
Einstein himself, on the occasion of the 
death of his close friend, Michele Besso, 
wrote: 


Michele has left this strange world just before 
me. This is of no importance. For us convinced 
physicists the distinction between past, present 
‘and: future is an illusion, although a persistent 
: one. 















derlying this poignant passage (another 


of the many interesting quotations in the 
book under review) can be discerned the 
determinist’s belief that past, present and 
future are logically equivalent: any one of 
them determines the other two. (Though 
not every determinist would accept 
Einstein’s inference that the distinction 
between past, present and future is there- 
fore illusory). Likewise, relativistic 
mechanics offers us no more than Newton 
in the way of an explanation of time 
asymmetry: its laws are just as symmetrical 
as those of Newton. 

Quantum mechanics was a more far- 
reaching revolution; like relativity, it 
stresses the role of the observer, but, unlike 
relativity, it also stresses the uncontrollable 
and non-deterministic character of his 
interaction with the system he observes. 
Nevertheless, the puzzlement remains. The 
time evolution of an unobserved system is 
still governed by a deterministic law — 
Schrédinger’s equation — and so if we 
choose to regard the entire Universe as a 
single system there is no outside observer to 
interfere uncontrollably, and the deter- 
minism is still there. Quantum mechanics 
also fails to remove our puzzlement about 
time asymmetry. Schrédinger’s equation 
has a time-reversal symmetry similar to 
that of Newton’s equations; so the only 
answer quantum mechanics has to offer to 
the time-asymmetry puzzle is that we as 
observers may be inserting the time 
asymmetry into the systems we study. It is 
hard to accept this explanation since one 
believes that there are irreversible processes 
taking place in systems such as the centres 
of stars which have never been directly 
observed and never will be. 

In their new book Order out of Chaos (in 
effect a new edition of their earlier La 
Nouvelle Alliance, published by Gallimard 
in 1979), Isabelle Stengers and Ilya 
Prigogine make a new assault on these well- 
entrenched perplexities. Their thesis is that 
a further revolution in science is now taking 
place in which the sterile view of the world 
provided by mechanics is being replaced by 
a more complicated and fruitful one; but 
this time the revolution consists not in yet 
another advance in the science of 
mechanics but in an increased emphasis on 
irreversible (time-asymmetric) aspects of 
nature. 

The book is in three main parts. Part I is 
a scholarly examination of the Newtonian 
world view and of the comments which a 
large array of philosophers and other 
savants have made about it over. three 












































































centuries. For me the most interesting 
section in this part of the book was the one 
dealing with the views of the anti-scientifi 
writers such as Heidegger and Koestle 
Part Il is devoted to phenomena whic 
seem outside the Newtonian view becau 
they are unpredictable or time-asymmeti 
or both; it includes examples froma var 
of branches of science where irreversib! 
processes, taking place far. fro 
equilibrium, do indeed generate ‘‘order 
of chaos” rather than the degradation of 
order into chaos which the second la 
of thermodynamics would lead one 
expect. In particular, it is here. tha’ 
logical systems make their first appear: 
in the book. 

The final part investigates what pos 
Newtonian mechanics, particular 
quantum mechanics and. statistic: 
mechanics, can do to improve ont 
Newtonian picture, It includes. a’ nol 
technical description of Prigogine’s ov 
work in this area. The motivation for th 
work appears to be a dissatisfaction wit 
the ‘‘Newtonian”’ features of the cony 
tional formalism of statistical mechanics, 
developed by its founding father, Willa 
Gibbs. The Gibbs formalism, based 0 
time-dependent probability distributi 
in phase space, is symmetrical under tim 
reversal; it contains no criterion for di 
tinguishing a physically -possible no: 
equilibrium probability distribution from 
the physically impossible one that would 
obtained from it by time reversal: Despi 
many attempts, both by Prigogine an 
others, for ‘‘breaking the time-revers: 
symmetry’’ (that is, for insertin 
unsymmetric elements into the» theo 
which would enable us to distinguish the 
physical from the non-physical probability 
distributions), I believe that the definiti 
answer to:this problem has not been give 

Some readers may be irritated by t 
rather effusive style, which in places re: 
almost like advertising copy (‘It is hard 
an exaggeration to state that one of 
greatest dates in the history of mankind 
was April 28, 1686, when Newton 
presented his Principia to the Royal Society 
of London’’) or by some minor impe 
fections in the English (the word ‘‘model- 
ization”, for example, is not part of thi 
language as I know it). More serious, 
perhaps, are a certain lack of logical fo 
in the writing and a few inaccuracies of fact 
(one is in the sentence cited above; only 
Part I of Principia was presented on Apri 
28, 1686, Parts IH and IH appearing later 
on). In a mathematical passage even such: a 
small inaccuracy can easily make the text 
almost unintelligible. But the book 
contains plenty of interesting information 
and has much to offer readers with int 
disciplinary interests in physics, chemist 
biology or the history and philosophy 
science. 


Oliver Penrose is Professor of Mathematics at o 
the Open University. 
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‘Dr ATHERTON’S account of the rise of elec- 
trical and electronic engineering is the first 
attempt at a general history since Dr Dun- 
sheath’s A History of Electrical Engineer- 
_ing was published over 20 years ago. It is an 
‘ambitious undertaking. Following an in- 
troductory chapter dealing with progress 
efore 1800, there are chapters on the 
electric telegraph, the experimental and 
theoretical advances of the nineteenth 
‘century, electric power, electric lighting, 
radio, miniaturization and the computer. 
In the nature of the case Dr Atherton has 
had to compress so: much and cut so many 
corners that, at times, his narrative comes 
close to being a breathless recital of names 
and inventions. Attempts to cope with the 
complexity of the subject matter have led 
to other problems. Thus, having described 
the development of Maxwell’s theory up to 
relativity and quantum theory, the author 
gives his readers a cultural jolt by taking 
them back to the invention of the electric 
‘telegraph in the early nineteenth century. 
There is also some, probably unavoidable, 
repetition: Davy’s arc light, Schweigger’s 
‘multiplier’, the Gramme dynamo are 
described twice. In fact, so complicated is 
the story that what we are given is a series of 
autonomous essays on key historical 
developments. If the book is read in such 
‘fashion, these criticisms lose some of their 
force. 

< Dr Atherton explains that he is writing 
for the engineer and the general reader, not 
for the historian. Fair enough; but more at- 
tention to the historical record would have 
saved him from some mistakes and some 
omissions. For example, it was not Faraday 
‘but Whewell who coined the words 
“tanode’’, ‘tion’, etc; Joule’s papers on 
ye mechanical equivalent of heat were not 
enied publication by scientific journals; 
amination, to reduce eddy currents, was 
‘oduced in the 1830s, not in 1870. Had 
he author used standard sources, such as 
the Dictionary of Scientific Biography, he 
vould have avoided these and some other 
slips. 

On the other hand Dr Atherton does not 
mention what I have called the “electrical 
euphoria” that swept Europe and the 
United States in the late 1830s. It was wide- 
ly, and plausibly, believed that the electric 
motor, driven “by voltaic cells, could be 
made more efficient than the best steam 
engine. This was not the last time that there 
were great hopes of cheap electric power. 












































The next occasion — also not mentioned by 


Dr Atherton — was just over 40 years later. 
In this context, the observant reader may 
be puzzled by the Punch cartoon of 1881, 
reproduced on page 148 of the book and 
also here. It shows King Steam and King 
Coal anxiously contemplating a baby in a 
cradle. The baby has the word 
“electricity’’ over his head and is holding a 
large feeding bottle with ‘‘Storage of 
Force” written on it. Enigmatic though 
these three words are, the reader is left to 
infer that the cartoonist foresaw the 
modern electrical supply industry. This 
would be quite wrong. In 1881 Faure’s 
improved secondary cell, or rechargable 
storage battery, caused great excitement. It 
was greeted as the invention that would br- 
ing about the hoped-for revolution in elec- 
tricity. It offered complete flexibility, for 
every little stream, every hill-top open to 
the winds meant an opportunity to charge 
and recharge storage batteries that could be 
used for all practical purposes. But the way 
ahead was that followed by Edison and 
Ferranti; and the forecasts of 1881 have not 
been realized, beyond today’s ‘‘alternative 
technology’’. In short, this work has little 
to say about false starts and misplaced 
hopes. It is a success story; a thorough- 
going Whig interpretation of the history of 
technology. 
Dr Atherton writes clearly and wittily 





























From From Compass to Computer. 





















“WHAT WILL HE GROW TO?” 


and his book, apart from one or two un- 
satisfactory diagrams, is well produced. It 
should interest electrical engineers and in 
that respect it will serve its purpose. But a 
rather more modest programme and a little 
more care with historical material would 
have meant a better book. a 


Donald §.L. Cardwell is Professor in and Head 
of the Department of History of Science and 
Technology at UMIST, Manchester. 
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In The State and Nuclear Power, Professor 
Camilleri’s thesis is that the pro- and anti- 
nuclear elements in society present a new 
destabilizing and potentially fatal chal- 
lenge to the State. By ‘‘the State” he means 
“capitalist” countries, taking the United 
States, France, Britain, West Germany, 
Sweden and Brazil as specific cases. He ex- 
plicitly excludes from his analysis centrally- 
planned, ‘‘non-capitalist’’ economies, 
otherwise known as authoritarian states. 
The reason, he says, is brevity, but one 
might suspect a more important reason to 
be the difficulty in getting dependable data 
from such nations. 

Camilleri notes of the countries he has 
chosen for discussion: 


The actual strategies adopted by each state in 
response to the ethical challenge posed by anti- 
nuclear activism varied considerably from coun- 
try to country. A critical factor in all cases was 
the distribution of power in the political system, 
that is, the degree of centralisation in the 
exercise of state authority. As a broad 
generalisation, it would appear that where the 
state apparatus operated as a cohesive, well- 





coordinated, monolith entity faithfully reflec- 


| ting the interests of a dominant power group, its 


actions tended to dismiss the relevance of nor- 
mative considerations and to reinforce the 
supremacy of technical rationality [p.115]. 


This tendency to criticize or ignore techni- 
cal problems and solutions is one of the 
shortcomings of the book, and may also ex- 
plain why Camilleri omits Canada from his 
list of case studies. Canada is as much ofa 
capitalist country as any of the other na- 
tions he does examine. But while Canada 
generated in 1983 a larger percentage of its 
electricity from nuclear power plants than 
the United States, Britain or West Ger- 
many, it has suffered no noticeable internal 
political strains because of it. The most ob- 
vious distinction between Canada and the 
others lies in the type of reactor programme 
followed, one based on the home-grown 
CANDU plant which is fundamentally dif- 
ferent from the power plants used by his 
chosen examples. 

The book raises some crucial questions 
about the impact of possibly faulted, ill- 
conceived or incomplete nuclear program- 
mes on democratically-run governments. 
Camilleri asks, ‘‘What factors account 
for the commitment of major western 
governments to commercial develop- 
ments? ... To what extent, and in what 
respect, has the performance of these 
{economic and administrative} functions 
varied from state to state? How may those 
differences be explained?’’. The questions 
are especially well-formulated in his 
preface, while the case-histories which 








“follow are clear and well researched. Of 
special value is the brief chapter dealing 
with elements of uranium supply and 
demand, enrichment, reprocessing and 
nuclear waste. Here Camilleri juxtaposes 
with considerable clarity the history of the 
growth of nuclear power programmes in 
each of his six chosen countries; together 
with some of the other material in the 
book, this account will be a valuable 
reference source. 

Incontrast, the treatment of internation- 
al nuclear politics touching on non-proli- 
feration matters is sketchy, and at times 
misses the mark, mixing cause with effect 
or ascribing the wrong motives to policies. 
For example after going into substantial 
detail (pp.253--267) to describe the actions 
taken by the United States in support of the 
non-proliferation regime under President 
Carter’s leadership, Camilleri dismisses the 
performance as ‘‘a situation from which 
US nuclear export policy sought to derive 
maximum advantage [p.288]’’. This 
-evaluation runs contrary to most informed 

judgements that the Carter policy was, in 
fact, a. colossal misapplication of means to 
ends — although with commendable 
motives — in support of the NPT. In fact, 
the United States lost nuclear-power-related 
business in international markets 
to other supplier countries which could 
furnish the technology and which got 
the orders as a direct result of Carter’s 
policies. 
.: Because Camilleri explicitly excludes 
from his book the nuclear power program- 
mes behind the Iron Curtain, we do not get 
the full benefit of his considerable talents at 
digging out and organizing the events of re- 
cent history. Had he done so, I wonder 
whether he would not have stressed the 
West’s democratic institutions instead of 
focusing on their capitalistic economies as 
the root cause of the troubles with their 
nuclear programmes — to my knowledge, 
there is no case where popular objections 
have’ been reported as having interfered 
with ‘the prosecution of the nuclear pro- 
grammes in the states with ‘‘centrally- 
planned economies’’. 

-This is a substantive and provocative 
book which deserves a wide audience. As 
an academic and an economist, however, 
Camilleri seems to be writing exclusively 
for his peers, while his ponderous style with 
its overload of jargon demands a high 
degree of perseverance on the part of the 
reader. Equally, a shoddy publishing job 
— including proof-reading errors and 
uneven, over-compressed typography 
—has made the book uncomfortable go- 
ing. But none of these points should be 
allowed to detract from Camilleri’s 
scholarly analysis of some of the most 
pressing problems now facing those 
democratic nations pursuing nuclear 
power programmes. oO 


Eli B Roth is a consultant on energy technology 
-and policy, and a Visiting Fellow at Yale Univer- 
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ON THE last page of this book, the ecology 
of insect-plant interactions is dubbed ‘‘our 
infant science’’. The phrase is a good guide 
to the excitement and frustrations of 
working in this research area in the 1980s. 
The excitement, which the book certainly 
reflects, comes from the frequency with 
which a few empirical but well-conducted 
experiments have produced far-reaching 
ideas demanding further testing. The 
frustrations are the familiar ones of having 
insufficient time and manpower to test the 
hypotheses which are produced by a 
burgeoning discipline. 

I read the book on an otherwise tedious 
journey on a slow Spanish train and my 
attention was held throughout. However, 
it is the sort of book that also demands that 
the reader put it down at frequent intervals, 
simply because, like all good textbooks, it 
asks questions. Those it asks most 
penetratingly concern the frequency and 
importance of competition between plant- 
feeding insects and the role of coevolution 
as a driving force in plant-herbivore 
relationships. Having posed the questions, 
the authors do not shrink from attempting 
to answer them, sometimes with a 
conviction which belies the tender age of 
the subject. 

One of the current debates is over how 
often plant resources are limited to such an 
extent that insect species compete for them. 
The authors consider this inter-specific 
competition to be a rarity, and are more 
impressed with the apparent evidence that 
predators and parasitoids keep insect 
numbers below levels at which competition 
occurs. They review published life-table 
analyses of populations of phytophagous 
insects and show that even cases of intra- 
specific competition (a necessary precursor 
of inter-specific competition) are 
outnumbered 2:1 by those of predation as 
factors acting in a density-dependent way, 
that is factors which increase the 
proportional mortality they impose as 
populations increase. Support for the 
premise that plant-feeding insect species 
rarely compete is taken also from the 
“stunningly simple logic” of Hairston et 
al. (Am. Nat, 44, 421-425; 1960) who 
argued that 


obvious depletions of green plants by herbivores 
are exceptions to the general picture that green 
plants are abundant and largely intact. The only 
possible remaining general method of control is 











predation... . including parasitism. erbivor 
are ... therefore not likely to compete’ for 
common resources. 


What is intuitively logical is not always 
correct, however, as the statistician G.E, 
Yule implied when he wrote that “Logi 
and Mathematics are only of service ... 
once you have found the right. track” 
Another review of a different. set. © 
population analyses has indicated that 
there is, indeed, a different track which 
could be followed. J.P. Dempste 
(Biol. Rev. 58, 461-481; 1983) surveyed 24 
studies of moth and butterfly populations 
and. concluded that intra-specific, com 
etition was the only density-dependence 
operating in 13 cases, with natural enemi 
exhibiting density dependence in anoth 
three. These cases of intra-speci 
competition usually involved. cle 
depletion of food resources but» rece 
work (much of which has appeared since 
this book was written) has added’ exti 
evidence that apparent super-abundanc 
of acceptable food may not be the norm 
This topic, given only half a page int 
book, concerns the role of feeding-indue 
changes in plants following insect. feedin 
Hf such ‘induced defences” are common 
they could lead to an increasing proportion 
ofa plant’ s leaves becoming unsuitable as 
grazing by an insect population progresses 
forcing competition upon individuals when 
crude measures of foliage biomass would 
still indicate an apparent super-abundan 
C. West, for example, in a paper to. 
published (Ecol. Ent. 10; 1985), shows tha 
oak leaf miner larval fitness is reduced 
the larvae feed on leaves which have earl 
sustained normal levels of caterpill 
damage. These results point to temporal 
competitive exclusion between the minin 
and chewing guilds; if. they represen 
hitherto under-investigated. interactio: 
they cast doubt on the premise that int 
specific competition among phytophages 
is.a rarity. 
The ecological importance and topicali 
of these questions confirm that the time i 
certainly right for this book. The-fact thai 
the authors take definite stances 9: 
controversial areas make it stimulatin: 
reading. Final-year undergraduates. ani 
postgraduates are bound to enthuse abou 
the clarity of writing and the layout, th 
attractive use of vignettes in the figures an 
— above all — about the excitement whic 
this book conveys about “our infan 
science’ and its future. a 





















S.D. Wratten is a Lecturer in the Department of 
Biology, University of Southampton. : 





Biotechnology in America 


Edward Yoxen’s The Gene Business: Who 
Should Control Biotechnology?, an exam- 
ination of the environmental, industrial and: 
social ramifications of genetig engineering, has 
been published in the United States by Harper &' 
Row. Price is $15.95. The original edition of the. 
book, a paperback published in Britain by Pan- 
(£3.95), was reviewed in Nature 304, 285; 1983. 
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garden... 
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Edited by S.M. Walters et al. 
Cambridge University Press: 1984. 
Pp.318. £30, $59.50. 











Ir MAY seem unlikely, but gardens can be 
frustrating places for the botanist. The 
problem is one of taxonomy. Out in the 
field, things are much easier; whether on 
the Downs of Sussex or in the swamps of 
the Nile Delta, there is sure to be a local 
Flora which permits the identification of 
just about any plant that you come across. 
But in the garden the troubles really start, 
for that tantalizing Saxifraga could have 
come from almost anywhere, from the 
Himalayas to Alaska, and where is the 
Flora which can hope to cover that span? 
‘The answer, it seems, lies in The European 
Garden Flora. 
* Sponsored by the Royal Horticultural 
Society and steered by an editorial com- 
mittee of eminent botanists and horticul- 
turalists, the series seeks to cover all the 
plants likely to be found in cultivation in 
Europe, whether in the open or under 
glass. The only plants deliberately omitted 
are the crop species and, of course, the 
weeds. 
Such an extraordinarily ambitious 
project is made no easier by the confused 
state of horticultural taxonomy and 
¿< nomenclature: indeed, if the series serves 
only to untangle some of the classificatory 
knots and proliferating synonyms it will 
have achieved a great deal. Add to these 

“problems morphological variations which 

_ have resulted from generations of selective 
breeding in some taxa, and one cannot but 
admire the vision and determination of 
those who planned the work. 

_. Volume II (of a total of six) completes 

the coverage of the Monocotyledons 

(begun in Vol.I, to be published later this 

year), and over half of it is devoted to the 

orchids. For each family a dichotomous 
key to genera is provided, and a key to 
families is given at the front of the volume. 

All keys are arranged in a concise yet clear 

form, with alternatives placed in a consecu- 

tive manner. Technical terms are kept toa 
minimum and a glossary is provided, as the 
book is intended to be used by gardeners as 
well as by taxonomists. This aim is evident 
also from the text, for the description of 

each species includes. details of where a 

good. illustration can be found, what 

variants are available in cultivation, and 
how the species is best grown in Europe. 

But Europe is a big place and contains a 

variety of climatic regions which obviously 

influence what. plants can be grown. To 
- Overcome the problem, a hardiness code 
“has been devised, based on the mean 


January isotherms, and a map of Europe 








is provided showing their positions. This 
feature should prove a valuable aid in the 
selection of species for planting, 

A book such as this is not, perhaps, the 
place to seek personal preferences and 
opinions from the authors, There are, 
however, some telling comments, such as 
“the unsightly variegated form of Phalaris 
arundinacea is a depressing feature of 
many an ill-tended border’? — a refreshing 
reminder that both taxonomists and 
gardeners are human. 

There is a wealth of information here, 
both scientific and practical. The authors 
have achieved what might have seemed 
impossible; they have taken a step towards 
the relief of the botanist’s frustration in the 
garden and at the same time they have 
provided the horticulturalist with a con- 
cise compendium of modern botanical 


knowledge. a 





Peter D. Moore is Senior Lecturer in the 
Department of Plant Sciences, King’s College, 
University of London. 
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Ghosts in the Mind’s Machine: Creating 
and Using Images in the Brain. 

By Stephen Michael Kosslyn. 

W.W. Norton: 1984. Pp.249. $19.95, 
£15.95, 











WHEN asked whether a horse’s tail ends 
above its knee, most people generate a 
visual image in thinking of the answer. 
Scientists, artists, engineers and writers 
constantly use images in their work. Hopes, 
fears and fantasies are often expressed in 
images and we cannot escape them even in 
sleep. Yet until recently there has been little 
systematic investigation of imagery. 

Professor S.M. Kosslyn has put this right 
by conducting a series of fascinating 
experiments and proposing a most 
ingenious theory. The experiments could 
have been run a hundred years ago, since 
they do not require any apparatus more 
elaborate than a few drawings and a timing 
device. The theory, however, could not 
have been developed until recently since 
working out its details required computer 
simulation. The computer model certainly 
helped Kosslyn to ask the right questions: 
the work of his predecessors in the field, 
such as Francis Galton, is pallid by com- 
parison, possibly because they had no way 
of formulating a precise theory of imagery 
that would direct their research. Kosslyn’s 
agreeable book, Ghosts in the Mind’s 
Machine, makes his work accessible to the 
general reader: it is clearly and simply 
written, and dispenses with jargon. 

One of Kosslyn’s more remarkable 
results is that mental imagery obeys many 
of the same laws as perception, even when 


these laws are unknown to the subject. In. 














normally sighted people, acuity for oblique 
striations is worse than for vertical or hori- 
zontal ones. Kosslyn asked subjects to 
image stripes of a given width at different 
orientations and to imagine themselves 
walking backwards away from the stripes: 
they had to give the distance at which the 
stripes became so blurred that they could 
no longer be distinguished. This distance 
was the same for subjects imaging the 
stripes as for those actually seeing them and 
for both groups the oblique stripes blurred 
at a shorter distance than the horizontal or 
vertical. Although Kosslyn does not say so, 
this finding and others he has obtained sug- 
gest that the neurophysiological medium 
responsible for imagery is the same as that 
used in vision. The low acuity for oblique 
stripes is thought to be caused by central 
mechanisms: it would be interesting to dis- 
cover whether visual phenomena that were 
purely due to retinal interactions failed to 
occur in imagery. 

Among Kosslyn’s other findings are the 
following. The extent of a visual image is 
about the same as that of the visual field, 
and the amount of detail that can be rep- 
resented declines rapidly from the centre to 
the outer parts of the image. Subjects can 
‘scan’ across an image and the further 
they have to scan the longer it takes. They 
can also perform a number of other 
transformations on the image or on a part 
of it, including zooming, panning and 
rotating. He produces evidence to show 
that an image is built up piece-meal out of 
separate components — in imaging a 
person, a broad outline is first constructed 
and then the details of the face, arms, legs 
and so on are added. 

In his theory, Kosslyn posits that in long- 
term memory pictorial data is held sep- 
arately from other forms of knowledge, 
though the two can interact. In imaging, 
some of the pictorial data is reproduced ina 
medium of limited extent which is fine 
grained in the centre and coarse grained in 
its outer parts. A procedure called 
PICTURE recovers the required pictorial 
data from long-term memory and places it 
in this medium, starting with a skeleton of 
the required image and filling in the details 
of its parts by the use of subsidiary pro- 
cedures. One of these, named FIND, 
locates the correct point in the image at 
which to insert a more detailed represen- 
tation of its parts: FIND operates by a 
random search, which seems a little 
implausible, The same procedure can be 
used to find a part of an image when 
information about it is needed, as for 
example to respond to the question ‘“‘Do 
frogs have a tail?’”’. Further procedures, 
such as SCAN, PAN and ROTATE, apply 
transforms to the image. 

The results of applying the various 
operations are shown on a VDU, but 
although this is a good way of displaying 
them, Kosslyn is careful to point out that 
the processes underlying images do not 
have to be laid out in a pictorial space’in the 












=p ai DA computer can have a functional 
matrix of points stored at different 
addresses: the matrix does not need to be 
systematically arranged in space. Provided 
information is stored with each address to 
indicate its pictorial relation to other 
points, the information stored at the differ- 
ent addresses can be treated by the central 
processor as a picture. Kosslyn believes 
that the brain might function in a similar 
way. He puts his argument well and it 
should give pause to anyone who still 
believes that the operations that can be 
performed on visual images support the 
doctrine of isomorphism (that is the idea 
that each phenomenological dimension is 
represented by a corresponding physical 
dimension in the brain). It should, 
however, be noted that visual images could 
equally well depend upon the topological 
maps that are present in the primary visual 
areas: if so, they would involve some 
degree of isomorphism. 

‘Kosslyn also rebuts those critics who 
have. maintained that his results are pro- 
duced entirely through subjects’ expecta- 
tions or by the experimental demands made 
on them. His experiment on stripes is 
enough to do this on its own, but for good 
measure he adds. several others. For 
example, it has been argued that the ro- 
tation of mental images is a result of 
experience with objects rotating in the real 
world and that the speed at which a mental 
image is rotated depends on the subjects’ 
_ expectations. Kosslyn shows that when 
subjects are required to rotate visual 
images of two different objects on a wheel, 
the speed of image rotation does not 
depend on the weight of the objects. Never- 
theless, the subjects knew that in the 
physical world inertia would cause the 
heavier one at first to rotate more slowly 
than the lighter one, and could take this 
knowledge into account if required. 

The least convincing part of Kosslyn’s 
book is that dealing with the practical 
applications of his work. He suggests that it 
might be possible to discover which of the 
many routines he incorporates into his own 
program are poor in children who have 
deficient imagery: one could then concen- 
trate on putting these routines right. More 
imaginatively, he proposes that the halluci- 
nations experienced by schizophrenics are 
caused by deficiencies in the imaging pro- 
cess and might be corrected in the same 
way. The ideas are interesting but specu- 
lative: moreover, there is no evidence that 
people who claim to have no visual imagery 
suffer any intellectual loss. Nevertheless, I 
liked Kosslyn’s tale of Nikola Tesla, the 
inventor of the AC generator, who claimed 
that having designed a machine he could 
run it in imagery for several weeks and then 
examine its parts to see how well they were 
wearing. It is a mercy he never applied his 
gifts to designing aero-engines. Oo 





Stuart Sutherland is Director of the Centre for 
Research on Perception and Cognition, 
i University of Sussex, 
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Applications of Infrared, Raman, and 
Resonance Raman Spectroscopy in 
Biochemistry. 

By Frank S. Parker. 
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VIBRATIONAL spectroscopy (infrared and 
Raman spectroscopy) is not used by all 
biochemists. It is of little help, for example, 
in locating and measuring a newly found 
protein with a special biological activity. 
However, when the molecular conforma- 
tion or conformational change of the new 
actor becomes the subject for study, vibra- 
tional spectroscopy is a powerful tool. For 
such tasks its use is extending steadily; we 
may dream that one day vibrational spectra 
of macromolecules will become the objects 
of routine analysis through a mathematical 
treatment, like X-ray diffractions or NMR 
spectra, after which we shall acquire a firm 
knowledge of the molecular force field 
with the assistance of gb initio molecular- 
orbital calculations. At present, however, 
the analysis is essentially empirical and re- 
quires the accumulation of great numbers 
of reference spectra. It also demands skill 
and experience on the part of the practi- 
tioners, a fact which seems to cause them 
no little pleasure. 

In his new book, Frank S. Parker nicely 
surveys the present state of vibrational 
spectroscopy as applied to studies of 
biological macromolecules. The book 














































Fourier transform IR and: othe 
spectroscopic techniques and sampling. 
methods. Dr Parker then deals with the 
applications of spectroscopy in a.chapter 
on polypeptides and proteins, following 
this with descriptions of the spectra of ey 
tissues, purple membrane, enzymes 
haemoproteins, metalloproteins, carbo: 
hydrates, nucleic acids and so on. Special 
emphasis is placed on the recent. 
development of resonance Raman 
spectroscopy, which has brought grea 
improvements in sensitivity and selectivity 
Finally, Dr Parker covers the spectroscopi 
analysis of viruses and of biomembranes; 
While the book is a review volume 
covering much of the recent literature, iti 
written in a relaxed style which makes’ i 
much more pleasant reading than most.o 
the papers on which it draws. The. lar, 
number of illustrations — 322 of them: 
and the tables add a great deal further: to 
the digestibility of the material. In 
organization, though, this isnot: 
textbook. There is some repetition ‘and 
choice of subject matter according to:th 
author’s preference; nevertheless graduate 
students in biology and chemistry will find 
it most instructive.Nor is it a handbool 
For example the reference list at the end o 
each chapter is not intended to bi 
exhaustive; but the information is well 
sign-posted and easily accessible. Above 
all, the work is permeated with Dr Parker’s 
evident enthusiasm for the subject whi 
makes his book unusually enjoyable. 








Masamichi Tsuboi is a Professor of Physical 
Chemistry at the Faculty of Pharmaceutica 
Sciences, University of Tokyo. ; 


































Bat’s eye view — the photo 
| graph, of Epauletted Fruit bats: 
(Epomophorus anurus), is. 
reproduced upside down from 
Wilfried Schober’s The Lives of. 
Bats. The book is a translation. 
and revision of the original: 
German edition and is pub- 
lished by Croom Heim in; 
Britain and Arco in the United 
States. It will be reviewed in a 
future issue of Nature, together ` 
with Bats: A Natural History by 

John E. Hill and James D. 

Smith (British Museum 

| (Natural History)/University of. 
» Texas Press). 
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THOSE who doubt that language is still one 
of the world’s greatest barriers should scan 
the references in a range of scientific papers 
written in different languages, when the 
bias. towards the mother tongue will soon 
become obvious. While English-speakers 
are often able to get the gist of papers 
written in most European languages, the 
huge fund of scientific information written 
in Russian and Japanese (infer alia) is out 
of the reach of the vast majority of Western 
ientists. 
The programme of translations of 
scientific works in these two languages (and 
others) being carried out by the Oxonian 
Press in India is therefore a notable service 
to the academic community. About 200 
books have been translated, mostly in the 


< disciplines ranging widely in the sciences 
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past ten years and mostly from Russian, on- 


but with an emphasis. on biology and ‘on 
agriculture. The work reviewed here is a 
translation of N.N. Tsvelev’s Poaceae 
U.R.S.S. of 1976, itself effectively an 
updating of the classic second volume 
(Gramineae) of Flora U.R.S.S, published 
in 1934. 

Grasses are, without doubt, the most 
important group of organisms as far as 
mankind is concerned. The development 
of cereals can be said to have constituted 
the birth of agriculture and to have sig- 
nalled the development of civilization, and 
today grasses are still the staple food of 
most races of man and of the animals he 
keeps for food. Our continued welfare 
depends upon improved methods of grass 
utilization, including the exploitation of 
new kinds of grass. A detailed knowledge 
of the grass flora of the USSR, said to 
number 1,011 species (compared with 880 
in Europe, including European Russia), is 
therefore vital. 

The first 67 pages of the present work are 
taken up with an essay on the structure and 
supposed evolutionary trends of grasses, 
followed by a map and detailed list of the 
phytogeographical divisions of the USSR. 
The most important part of Tsvelev’s 
monograph is, however, the systematic 
treatment, which occupies 1,004 pages. In 
it, a key to genera and keys to species and 
subspecies within each genus are provided, 
as is a detailed classification of subfamilies, 
tribes, subtribes and various infra-generic 
ranks. Each of the taxa at the ranks from 
subfamily to generic section is provided 
with an extended diagnosis, but there are 
no. descriptions of species or lower taxa — 
for these one has to rely on the information 
in the keys. Under each species there are 
full nomenclatural and distributional 
details, chromosome numbers (including 
some previously unpublished counts), and 
frequently a valuable discussion of unusual 
variants or taxonomic problems. 

Because of generous spacing and 
reasonably good quality paper, Grasses of 
the Soviet Union is produced in two 
volumes each of which is roughly the same 
size as the complete Russian work. It 
resembles the translations of Flora 
U.R.S.S. carried out by the Israel Pro- 
gramme for Scientific Translations in that 
the Russian page-numbers are placed in the 
margin, and the index entries all refer to 
them. In the contents pages, however, 
entries refer to the English-version page- 
numbers, a quirk to which users will soon 
become accustomed. The printing is clear 
and the binding seems to be adequate. 

This work is literally essential to any 
serious grass taxonomist or breeder, and 
will remain a standard reference work for 
many decades. Agrostologists the world 
over are indebted to the publishers for 
making this authoritative masterpiece 
available more widely. a 








C.A. Stace is Reader in Plant Taxonomy and 
Head of the Department of Botany at the 
University of Leicester. 
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The Aztecs. By Brian M. Fagan. 
W.H. Freeman: 1984. Pp.322. Hbk 
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IN THE 1950s, when Brian Fagan and I were 
students together, he was about to become 
an Africanist and I was still a European 
prehistorian. Since then, each of us has 
written a popular book on the Aztecs, his 
having just been published. 

Although separated by 16 years, there is 
more than a passing resemblance between 
the two studies, not only in format, but also 
in the illustrations and in the choice of 
quotations from sixteenth-century 
sources. This is some indication of tne con- 
tinuing importance of the rare eyewitness 
accounts left by those who took part in the 
conquest of Mexico (Hernando Cortés and 
Bernal Diaz) and by the missionary friars 
(Sahagún, Motolinia and Duran) who 
followed closely behind. Since there are at 
least two other ‘‘daily life” books in cir- 
culation, and using the same basic sources, 
one should not take toc much notice of the 
publisher’s claim that the present work is 
unique. As the most recent of its genre it is, 
however, the most up to date. 

Professor Fagan has established a solid, 
and well-deserved, reputation as an archae- 
ological popularizer who can be relied on to 
say the right things in a lively and compre- 
hensible style, He has done so again. Little 
of what he tells us is new, but, like a good 
journalist, he has mastered the readily 
available literature and has checked his 
facts with the experts. He has also avoided 
the temptation, which afflicts so many 
writers on the Aztecs, of overemphasizing 
the spectacular or the horrific — the gold, 
temples and human sacrifices — at the ex- 
pense of the more mundane aspects of daily 
existence. The end product is a trustworthy 
and well-balanced introduction to Aztec 
history and customs, very much in the 
tradition of descriptive ethnography. 
Whatever can be seen or can be readily 
comprehended, whether it is physical 
(clothing, buildings, farming tools and so 
on) or behavioural (warfare, marriage, 
worship) is accurately summarized. 

What I found to be missing, though it 
would perhaps frighten off the non- 
specialist reader, is analysis of the meaning 
behind the picture: the nature of the Aztec 
economy, the philosophical ideas-behind 
the poetry and the religious ceremonies, the 
principles underlying Aztec law and so on. 
Instead, the book presents an observer's 
view — what you would see if you were 
there — and does it very well. This, pro- 
bably, is as much as most people want. But 
it does not add up to the ‘‘definitive book” 


co 


promised by the publisher’s blurb. oO 
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1984, ISBN 0-521-25751-4. Np. ts rae 

Earthworm Biology. Studies in Biology, No. 161,.By 
J.A. WALLWORK. Edward Arnold: 1983... Pp.5 
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Exploring Biology, 2nd Edn. By PAMELA'S 
CAMP and KAREN ARMS. Saunders Collegi 
Publishing: 1984. Pp.591. ISBN 0-03-063372-9. Np 
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ISBN 0-8247-7050-1, SWFr, 150. 
|: The Pathology of Tropical Food Legumes: Disease 
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© The formation of the Nuclear Counting 
Exchange, an organization for users of 
nuclear instrumentation, has been an- 
nounced by Beckman Instruments, Inc.’s 
Nuclear Systems Operations. The Nuclear 
Counting Exchange is designed to promote 
nuclear counting in research and industrial 
environments. Users of Beckman liquid 
scintillation and gamma counters are in- 
vited-to join. Investigators in the group will 
share their expertise in solving practical ap- 
plication problems, obtain current infor- 
mation on interfacing and software pro- 
grams for personal computers in nuclear 
counting, become aware of new develop- 
ments in technology, communicate their 
ideas for future technology, and obtain 
educational resources not available 
elsewhere. The Nuclear Counting Ex- 
change will provide a quarterly newsletter, 
workshops and technical literature. 

Circle No. 100 on Reader Service Card. 


© Kevex have introduced an 0700 
laboratory X-ray fluorescence system. 


' “Capable of accepting up to 16 samples, the 


0700 system provides a rapid quantitative 
method of non-destructive multi-element 
analysis and offers the choice of direct, 
filtered direct arid secondary excitation. To 
speed up throughput, all user accessible 
functions are under microprocessor con- 
trol. These include: sample position; direct 
or secondary target X-ray tube position; 
X-ray high voltage; X-ray tube current and 
transmission filter/collimator selection. 
The multiple secondary target facility, 
coupled with the rapidly accessible direct 
and filtered direct excitation modes, allows 
sample excitation radiation to be tailored 
to analysis requirements; background 
counts can be reduced and relative peak in- 
tensities increased. 

Circle No.101 on Reader Service Card. 


@ Coherent, Inc. of Palo Alto, California, 
have announced the addition of a power 
meter to their existing product line. The 
Series 2000 Power and Energy Meter 
features a liquid crystal display for digital 
operation with a unique trend bar (US pa- 
tent pending) for tuning continuous wave 
lasers. Meter readout power range is 0 to 
2kW depending on head selection with a 
choice of five models. The meter can also 
measure pulsed laser energy modes. Other 
features include zero reset; excess power, 
over temperature and low battery warning; 


«battery and AC adapter operation; ad- 


justable viewing angle; and analogue or 
digital outputs for electronic interfacing. 


-© Circle No.102 on Reader Service Card. 
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Kevex 0700 X-ray fluorescence system 


è VG-354 thermal ionization mass spec- 
trometer is a 90° magnetic sector, single 
focusing, thermal ionization instrument, 
incorporating the latest advances in ion op- 
tics, source design, multiple ion collection 
and vacuum expertise. The versatile multi- 
collector facility, developed by VG 
Isotopes, allows multi-collection measure- 
ment on any isotope group. The system 
consists of up to eight Faraday cups and a 
Daly scintillation detector. Four of the col- 
lectors are adjustable, either manually or 
under computer control from outside the 
vacuum. Short analysis times are possible 
due to a high proportion of the total 
available ion beam being collected during a 
given time period, while the effects of beam 
fluctuation with respect to time are reduc- 
ed. Up to 16 samples may be analysed se- 
quentially under computer control, with all 
data reduction being carried out 
automatically, 
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@ Now available from Philips is a new 
material PX-1 which when used to replace 
the conventional TIAP crystal significantly 
improves the light performance of the 
Philips PW 1400 sequential X-ray spectro- 
meter. Known as a multilayer, PX-1 is 
made using semiconductor manufacturing 
techniques to deposit alternating layers of 
heavy and light element atoms on a silicon 
substrate. The carefully controlled layers, 
measuring just nanometres in thickness, 
form acrystal-like repeating structure that 
acts as an X-ray monochromator. This 
gives a more than three-fold intensity in- 
crease when measuring fluorine, sodium 
and magnesium. 
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echnicon Infra Alzer 500 












































Spectrophotometer DMS 70 from Varian 


@ Varian has introduced a DMS 70 spec- 
trophotometer to complement the. entit 
Varian series of UV/VIS instruments, The 
optics with the holographic grating and 
double beam configuration give effici 
performance and the wide wavelengt! 
range, from 800 to 200 nm, make the ir 
strument ideal for almost all applications. 
The use of all reflective optics in a sealed 
compartment guarantee high performan: 
of the DMS 70. The keyboard control 
easy to use, and readout is in absorbance 
transmittance or concentration mode. T 
instrument has a wide range of accessorie 
featuring a programmable cell changer for 
the scientist involved in kinetic studies. T 
sipper and batch sampler are ideal when 
many samples need to be read at a fixed 
wavelength: up to 60 samples can be run 
automatically. A gel scanner, fluorescence 
and reflectance accessories and a variety.of 
unusual sample handling devices are also _ 
available. i 
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© Technicon InfraAlyzer 500 system can 
be used to investigate and implement the 
use of the near infrared reflectance tech 
nology which offers rapid and. precise 
multi-component analysis allowing signi 
cant improvements in analytical produc- 
tivity and improved process monitoring 
New models capable of analysing both li 
quid and solid samples, and the availability: 
ofa wide range of software options, have _ 
resulted in an increased recognition of the 
potential application of the technique to 
many areas of the chemical industry. The 
system is already used for rapid routine. 
analysis of food stuffs and agricultural 
commodities. “age 
Circle No:106 on Reader Service Card. 

















Perkin-Elmer’s Lambda series of UV/VIS 
-spectrophotometers. It is a double 
monochromator, double beam ratio recor- 
‘ding instrument, capable of scanning the 
-range from 185nm up to 3200nm in the near 
IR. This extended wavelength range, 
together with excellent optical perfor- 
mance, enables the Lambda 9 to be used for 
<a wide range of applications.The optical 
design of the Lambda 9 provides high 
nergy throughput and accurate focusing 
of the beam onto the sample to give an ex- 
_cellent signal-to-noise ratio throughout the 
“entire wavelength range of the instrument. 
Spectral bandwidth can be varied in 
0.01nm increments using microcomputer- 
controlled synchronized slit mechanisms, 
with a maximum resolution of 0.05nm in 
the UV/VIS range and up to 20nm band- 
pass in the NIR. In addition to the standard 
sample compartment, the optical unit in- 
cludes a large secondary sample compart- 
ment which allows the primary detector to 
be removed as a unit and an internal in- 
tegrating sphere or any large custom ac- 
cessory to be easily installed. The Lambda 
9 has an optional RS232C interface for 
connection to a laboratory computer for 
further evaluation and storage of spectral 
data and can be equipped with the many 
sample handling accessorie. 
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© Recent developments at the Laser 
-Analytics Division of Spectra-Physics, 


9 The Lambda 9 is the latest addition to , 





have resulted in a cleaved-coupled-cavity 
Pb-salt diode laser that operates single 
mode over limited current and temperature 
ranges. The new C? lead-salt laser provides 
a much greater degree of mode control 
than has been possible with single-cavity 
lasers. The new device consists of two 
upled cavity sections: the front section 
performs as an emitting laser and the rear 
-section as a modulator. By varying the 
< modulator current, it is possible to tune the 
emission from the front section thereby ob- 
taining additional precise control of the 
laser emission characteristics. The single 
„mode tuning rate — which is sometimes 
large for mesa-striped lasers — is consider- 
-ably reduced when modular current is used 
as the fine-tuning instrument, a technique 
which provides improvements in device 
performance for applications requiring 
ery stable, long term single mode opera- 
ions. 
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p eter that covers the 
range of linewidths from 0.1 Hz to 1 MHz 
combining high resolution NMR spec 
troscopy with the power and versatility of < 
solids instrument, has been announced by 
Bruker Instruments, Inc., of Billerica, 
Massachusetts, USA. Experiments handl- 
ed by the new MSL unj y.ficlude: 2D NMR 
in liquids and solids, variable temperature 
MAS, wideline FT, multipulse line narrow- 
ing (MREV-8, BR-24, etc), ADRF/ARRF, 
multiple quantum NMR, NMR dif. fusion, 
NMR imaging, in vivo spectroscopy, 
NQR, and ferromagnetic resonance 
studies. The MSL system offers: full 
automation and complete keyboard con- 
® A new ion chromatography system, the trol, sample changer, colour raster, 
lonChem, has been launched in the UK by | compu-shim and auto-lock, a new fast and 
Severn Analytical of Gloucester; the | versatile pulse programmer, and provision 
system is based on a new conductivity | for interfacing many user devices, 
detector which uses a very fast rate bi-polar | Circle No.112 on Reader Service Card. 
pulse technique to improve signal-to-noise 
ratio and thereby allows high-sensitivity | @ Philips new automated X-ray powder 
detection, without the need for complex | diffractometer, the PW 1840 compact 
post-column suppression systems. The new | X-ray diffraction analysis system was first 
detector means that measurement | shown at the Pittsburgh Conference in 
temperatures in the cell can be controlledto | Atlantic City, USA, in March. The new 
within + 0.005°C. The instrument has a | diffractometer at the heart of the system 
““pulse-free’’ isocratic solvent delivery | was designed particularly for routine sam- 
system, an insulated column compartment, | ple screening in industry and health care 
and also uses the latest polymer-based, | and permits the fast evaluation of large bat- 
high-speed, high-resolution columns. By | ches of samples. The new diffractometer 
using a conventional HPLC pump, other incorporates a specially developed solid- 
detectors can be added to the system, giv- | state detector and a self -adjusting 
ing greater flexibility than a suppressed divergence slit. Integrated with the X-ray 
system for other chromatographic work. source, this unit permits rapid alignment 
Circle No. 109 on Reader Service Card. and ensures reproducible operations. 
Automated operation is provided by a 
@ New from Burleigh Instruments is their microprocessor control module which 
TL Etalon Series offering opportunities for | enables measurement parameters to be 
rapid, precise measurement of the mode | entered by means of function keys. Results 
output of semiconductor lasers, These may be produced as diffractograms on a 
etalons can be configured to monitor the | chart recorder or as integrated intensities 
spectral quality of fibre output from fibres | read from the LED display on the control 
directly coupled to semiconductor lasers, panel. This gives the operator the ability to 
and allow optimization of the fibre coupl- | obtain semi-quantitative analyses rapidly, 
ing to produce near single-mode output | by selecting a feature of interest on a dif- 
from potentially multi-mode semiconduc- fractogram, setting the appropriate scan 
tor lasers. Laser fibre packages can also be range and then simply comparing the 
graded with respect to spectral purity, | measured intensities with those obtained 
especially the percentage of single-mode | from standard samples. 

output. These TL Etalons are available in | Circle No.113 on Reader Service Card. 
standard configurations from Burleigh In- 
struments. Also available are wavemeters | @ Information submitted by 85 users of 
and high resolution confocal etalons for Radiometer’s ION85 ion analyzer has been 
precision wavelength measurement and | collected in a report titled The First 85 
frequency stability measurements. IONS5 Installation. The report details each 
Circle No.110 on Reader Service Card. installation with respect to ions of interest, 
sample type, measuring method, and 
® Amersham Corporation has announced | number of daily measurements. The infor- 
new, commercially available tritium stan- | mation is listed according to different user 
dards which provide a convenient alter- groups: agriculture, beverages and food, 
native for the rapid quantification of environmental, pharmaceutical labs, etc. 
tritium in tissue sections. The product isa | The 20-page booklet covers users in 14 
multilayer block of polymer designed to be | countries. 

cut by a microtome to give strips of multi- | Circle No. 114 on Reader Service Card. 
level activities for use as autoradiographic 
standards. Each block consists of 8 layers 
of tritiated polymer, arranged in order of 
increasing specific activity and separated 
by inactive layers. 
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Bruker MSL pulsed NMR spectrometer 
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Negotiation by stops and starts 


The proposed bilateral negotiations on space weapons, planned for September in Vienna, are now in 
doubt. But they should best be postponed until after the US election. 


THE United States and the Soviet Union seem bent on setting new 
standards of folly in their bilateral negotiations on arms control. 
By now the world is used to negotiations that are abandoned after 
months of patient effort, But at the weekend, a novel method of 
mutual recrimination seemed on the cards. It is now almost 
certain that the negotiations on space weapons arranged for 18 
September at Vienna will be abandoned before they have begun. 
Is this arecord? 

‘The omens for Vienna have never been encouraging. The Soviet 
invitation. to the talks at the end of June was intended as a 
challenge. To everybody's surprise, it was promptly accepted by 
the United States, which then angered the Soviet Union by sayin g 
that it would also raise at Vienna the questions left hanging since 
the abandonment of the Geneva negotiations on ballistic missiles. 
That, the Soviet Union said, was a precondition, and 
unacceptable, whereupon the ‘argument between the two 
governments shifted to the form of words in which a preliminary 
statement about the objectives of the Vienna talks should be made 
public. By asking that there should be a moratorium on the testing 
of space weapons while the talks were in progress, the Soviet 
Union appeared to be imposing preconditions of a kind that it had 
earlier declared unacceptable. Precisely why the draft statement 


F prepared by the United States gave such offence in Moscow is not 
yet clear. What does starid out, however, is that neither side is 


adequately prepared for negotiations. By seeking credit for their 
willingness to be seen talking, without knowing what they would 
talk about, they. have jeopardized the chance that serious 
negotiations ‘on.a serious agenda will take place. For that, the 
superpowers are equally to blame. 

The need now is for composure. With all the disappointment 
there will be, in Europe for example, that the Vienna negotiations 
may not begin, it may be forgotten that the Soviet invitation is not 
some daring innovation but, rather, a proposal that the two 
superpowers should resume the series of exploratory talks on 
space weapons begun at Vienna in 1978 but left on ice the 
following year, after Western discontent with events in Poland 
and Afghanistan. Since then, not much has happened. The Soviet 
Union has published (in 1981 and 1983), draft treaties to prohibit 
the testing and deployment of anti-satellite weapons (ASATs), 
and the United States has explained that the texts are unaccept- 
able because their proposed constraints cannot be verified. In the 
past year, the role of space weapons in strategic conflict has been 
further dramatized by President Ronald Reagan’s star-wars 
speech, on 23 March 1983. It is almost certainly true that the goal 
of a nearly perfect defence against hostile ballistic missiles will 
never be attainable (see p.353), but the US Administration is also 
on safe ground in saying that the Strategic Defense Initiative 
(SDI) will entail research and development certain to yield novel 
weapons systems of great military significance. 


Objectives 

What, in these circumstances, should be the objectives of serious 
negotiations? The superpowers are already bound by two 
important restraints — the treaty on the Peaceful Uses of Outer 
Space (of which the Peoples’ Republic of China is now, 
fortunately, a signatory) and the Anti-Ballistic Missile (ABM) 
treaty, both of them signed in 1972. The first prohibits the 
deployment of ‘‘weapons of mass destruction’’ (understood as 





nuclear bombs) in space, and requires governments to follow the 
spirit of international law in their activities beyond the 
atmosphere (which is presumably, among other things, an: inter- 
diction of piracy). The second (as amended in 1974) limits. the 
deployment of ABM systems to one on each side, and prohibits 
not merely the deployment and testing but even the development 
of anti-ballistic missile systems that are not based on land; 
So far, the two treaties appear to have been successful. Neither 
side interfered with an Earth satellite belonging to the other. The: 
United States complains that the huge radar system being built at 
Krasnayarsk in Central Siberia represents a Soviet violation of 
the ABM treaty, but the circumstances are obscure. What is, 
however, clear is that it cannot be very long before the research 


and development programme being mounted in the United States 


under the banner of SDI bumps head-on into the provisions of the 
ABM treaty. A ban on ASAT weapons, the most obvious goal of 
the Vienna talks, would bring about that conflict sooner. It 
follows that the Soviet Union cannot reasonably ask the United 
States to sign on some simple dotted line without conceding that 
broader issues must also be considered. 

The argument goes like this. ASATs represent a danger: for 
both sides. Because they can in principle destroy military 
reconnaissance satellites, they raise the awesome prospect that a 
pre-emptive attack might be launched by one side on the other 
without warning, making retaliation less certain. So as things.are, 
both sides would sleep more easily at night if ASATs were Bann 
One practical difficulty is that the airborne system demonstrated 
earlier this year by the United States, based on the F-15 aircraft, is 
more flexible than the Soviet rocket-based system, and. more 
easily concealed. There is also the problem that early warnin 
satellites may soon be most easily rendered useless electronical! 
without being physically destroyed. So while the present time may 
be the last opportunity for nipping these emerging technologies in 
the bud, a secure treaty will require a fuller exchange. of 
information about the purposes of military experiments beyond — 
the atmosphere than would have been necessary a few years.ago. 
Even a simple ASAT treaty would require a degree of disclosure 
unprecedented in bilateral treaties. 


Disaster 

There is a further complication. Mistaken though the star wars 
speech may have been, the programme of research and“ 
development on which the United States Administration is. 
embarking should at some stage yield a capacity to destroy at least 
some proportion of a hostile missile force. In the absence of any 
further agreement on the military uses of space, the United States 
would no doubt be compelled, a few years from now, to exercise 
its right to withdraw from the ABM treaty on the grounds that its - 
“supreme interests’? are jeopardized by its inability to defend 
itself against hostile missiles. That turn of events, which would 
undermine confidence in all existing agreements on arms control, © 
would be a disaster for everybody. One result would no doubt bea ` 
further. deployment of nuclear missiles to counteract the 
knowledge that some of them might be destroyed in flight. But 
from that it follows that, if the development of more effective 
ABM systems is to be prevented, there should be complementary 
agreements on the strength of each side’s strategic missile force, 
preferably much less than that allowed by the still-unratified 








rea ‘othat extent, the United States is right in as 
that missiles should be considered alongside ASATs. 
Whether such a broad agenda can ever be agreed is anybody’s 
guess. A quick start on negotiation, which would be of symbolic 
‘value, is less important than the need that the ground should be 
prepared thoroughly in advance. And there is much to be said for 
“postponing negotiations until after the US elections in November, 
President Reagan makes no secret of his eagerness to be seen to be 
talking to the Soviet Union during the pre-election period, but no 
doubt has also calculated that it would be an electoral handicap if 
talks began and then broke down in a flurry of recrimination. 
Either way, it is unthinkable that negotiations conducted in 
parallel with an election campaign could yield the best result. But 
it should also serve the interests of the Soviet Union to wait until 
after November, if only in case there is a change of administration 
-in the United States. Then, at least the negotiators should know 
with and for whom they are negotiating. im 


Secret science 


©: Governmental efforts to impose spurious secrecy 


Con the scientific enterprise can be dangerous. 

‘Tr is a safe bet that many official secrets are neither official nor 
secret. Government secrecy, however well justified when first 
imposed, has a way of becoming an end in itself. At no time has 
this been more apparent than during the Reagan Administration, 
ironically elected on the pledge to curtail government usurpation 
of individual freedom. Thus the Reagan Administration has 
imposed unprecedented restrictions on contacts with the press by 
government officials, has sought to impose lifelong censorship on 
government employees with access to classified materials and has 
“ceven tried to vitiate the Freedom of Information Act. 

Tales of high government silliness about secrecy are, of course, 
nothing new. Generals’ laundry lists have become top secret. But 
it is more than just silliness when secrecy becomes a veil behind 

which travesties of public policy are committed. One such is the 
way in which US intelligence officials have arrogated to 
themselves responsibilities they could never claim in the open by 
seeking to bridge a supposed strategic gap between the United 
States and the Soviet Union — in parapsychology. Last February, 
presidential science adviser George Keyworth all but 
acknowledged the existence of a parapsychology development 
programme. In response to a question on the subject, he paused 
and then said, ‘‘Let me say this only, and that is that in our pursuit 
< of research in the really critical areas of military technology, we do 
-our very best to let our imaginations and our creativity be as 
effective as possible. We pay attention to Soviet programs, and no 
: areas are going to be clearly rejected on parochial grounds.” 

Nobody knows exactly what the Central Intelligence Agency 
and the Department of Defense may be up to, which is why 

attention has been concentrated on the supposedly investigative 
“reporting of one Don McRae, who has just published an account 
of the US Government’s interest in parapsychology (Mind Wars: 
The true story of secret government research into the military 
potential of psychic weapons, St Martin’s Press, New York, 
1984). McRae’s story in any case makes entertaining reading. We 
learn, for example, that the US Navy hired 34 psychics to keep 
track of Soviet submarines, that the National Security Agency is 
applying clairvoyance to code-breaking and that worries over 
Soviet psychics peering into concrete silos led to the abandonment 
‘of the “‘race-track’’ basing mode for the MX missile. Only the 
untested arrogance that secrecy affords could permit such 
thinking to go on inside the government. Even a little dose of peer 
review (or scientific expertise) would do wonders to cure it. 
The same untested pseudo-science seems to be behind the 
-administration’s plans to expand the use of the polygraph or “‘lie 
detector’, which seems to flourish in the climate of national 
security and darkness of secrecy. 

~~~ The one Department of Defense official who tried to shed the 
light of science on the plans is said to have been given a dressing- 
‘down from General Richard Stilwell, Deputy Under-Secretary of 














- g : e 
told he is wrong. The of ficial finally gave up; left the department 
and now says he should have known better than to try to talk 
science to people who wear copper bracelets to cure their arthritis. 
It will be interesting to see whether those hoping to keep 
polygraphs out of the British Government’s Communications 
Headquarters in Cheltenham will be any more successful. E 


Consistency in France 


The new French Government may be even more 


zealous in the application of science. 

Not all of France would agree with the opinion that President 
Francois Mitterrand is the epitome of consistency, but there is a 
good deal of support for that proposition. Outwardly, the evi- 
dence is stacked the other way. Since his election in 1981, the 
President has blown hot and cold on the principal issues raised 
during his election. To begin with, he was faithful to the promise 
that France would be run on socialist lines, and embarked ona 
programme of nationalization as remarkable for its diversity as 
for its scale. At the outset, the government of France clearly 
believed that it would be possible to banish many social problems, 
unemployment for example, by deficit financing contained within 
the bounds of plausibility only by draconian taxes. By the spring 
of 1983, however, it was clear that the recipe would lead to 
economic disaster, so the President and the government changed 
economic course, settling instead for the period of retrenchment 
that has produced the past year’s economic privations in Lorraine 
and other regions of France best-known for their dependence on 
ageing industries. Left-wing radicals such as M. Jean-Pierre 
Chevénement left the government at this point, although the two 
members of the Communist Party in the government soldiered 
on. Now the communists have departed, but M. Chevènement is 
back, as minister of education. What can be consistent about 
that? 

It is important to remember the fine print. A year after his 
election, President Mitterrand startled the Western economic 
summit with his plea that the industrialized nations of the world 
should band together to use technology for the transformation of 
their economic prospects. By then M. Chevénement, originally 
minister of science and technology, had added industry to his 
portfolio and was attempting to carry through in France the 
policies that his president was urging on the West in general. 
There was never a chance that industrial innovation could prosper 
so quickly that France would hardly notice the disappearance of 
older uncompetitive industries, but Chevénement did his best. His 
successor, M. Laurent Fabius, has unfortunately been almost 
exclusively preoccupied with the downside of the last year’s 
upheaval. But then and now, as Mitterrand’s Prime Minister, 
Fabius has repeated the familiar doctrine that France will survive 
economically only by energetic application of technology through 
French industry, Can they succeed? 

There is more than a slim chance. Even when the going has been 
roughest in the past three years, the government has sustained 
the scale of its support for basic science and for industrial 
development. The texture of research has been strengthened both 
in the universities and the research organizations, while there have 
been heartening technical successes such as the administration of 
the Ariane rocket programme and the operation of the huge 
French nuclear industry. The trouble of course, is that these are 
not yet (and may never be) economic miracles, while French 
ambitions to make a mark in the international market for 
telecommunications and computers remain as insubstantial as, 
say, the British. But plainly the new French Government does not 
intend to back away from this radical element of its economic 
policy. M. Fabius’s post for science and technology is now filled 
by Professor Hubert Curien, one of the architects of the French 
space programme with his roots firmly in the academic side of the 
research enterprise — and with a high reputation elsewhere in 
Europe for his concern for international collaboration. Business 


as usualis the motto. . G 











‘Star wars 


Pentagon’s defensive 
criticism turned 


Washington 

THE latest acrimonious bout in the dispute 
between the US Department of Defense 
and the Office of Technology Assessment 
(OTA) seems to have ended in defeat for 
the generals. OTA has now firmly rejected 
a demand by Mr William H. Taft, Deputy 
Secretary of Defense, that.it should with- 
draw its document published at the end of 
April which asserted that a star wars 
defence would be feasible. 

The OTA study, described as a back- 
ground paper and written by Dr Ashton 
Carter, now at the Center for Science, 
Technology and Foreign Affairs at 
Harvard University, has drawn the fire of 
senior Pentagon: officials since its release 
by a Senate committee {see Nature 7 June, 
p.435). A list of technical criticisms was 
released to the press by Lieutenant-General 
James Abrahamson in May. Early the 
following month, Mr Taft wrote to OTA 
complaining that the document contained 
“serious technical errors’’ and that it mis- 
represented the basis of the administration’s 
strategic calculations and demanding that 
it should be withdrawn. 

‘This demand has now been firmly 

“rejected by OTA, which has commissioned 
a post-hoc review of the Carter paper from 
three people ina position to assess the tech- 
nical data (many.of them secret) on which 
the argument turns. In a letter to Mr Taft 
dated 13 July, Dr John H. Gibbons, the 
director of OTA, says that the review panel 
has said that the paper contains no tech- 
nical errors or flawed assumptions that 
would seriously mislead readers, that it 
does not misrepresent the administration’s 
goals (being largely silent on the subject) 
and that it is a “lucid, useful and generally 
reliable” introduction to the subject. 

To the extent that much of the technical 
„basis of the star wars defensive system is 
“not publicly known, the argument between 
the Pentagon and OTA will be determined 
by the quality of the referees’ opinions 
mustered by the two sides. OTA says that 
its referees were Lieutenant-~General Glenn 
Kent, now with the Rand Corporation, Dr 
William Perry (formerly Under Secretary 
for Defense) and Professor Charles 
Townes (University of California, 
Berkeley). Mr Taft, in his letter of 
complaint, had said that ‘‘four 
independent organizations’ had been 
critical of the background paper prepared 
for OTA. 

The letter rejecting Taft’s complaint 
does not deal with the technical issues in 

» the dispute, described as an ‘‘episode of 
misunderstandings’’, but instead looks 

forward to “productive cooperation . 

as we strive together to serve the nation” 














This is a reference to the more formal study 
of ballistic missile defensive systems which 
OTA, with the collaboration of the Penta- 
gon, is to publish in segments during 1985. 

In a memorandum to the Technology 
Assessment Board (the congressional over- 
sight committee), however, Dr Gibbons is 
more outspoken about the reasons for 
OTA’s confidence in its position. He says 
that while the Defense Department’s 
“attack” on the OTA paper has ‘‘failed to 
make its technical case’’, general pub- 
lication of the reasons for its rejection 
would “‘scarcely contribute” to obtaining 
“future assistance and cooperation” from 
the Pentagon. 

Guessing at the reasons why the 
Pentagon’s objections were off the mark, 
Gibbons says in his letter to his supervisory 
board that the complaints were assembled 
from comments by a number of defence 
contractors and ‘‘may not have been 
reviewed carefully’. He also suggests that 
the accusion of ‘‘serious technical error’’ 
now rejected as invalid, may have arisen 
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because of an “effort to cast doubt on the 
judgements and observations which the” 
Department of Defense finds. 
unpalatable’’. He explains that most of the, 
disagreement between OTA and the 
Pentagon (see below) arises because the 
latter has chosen to use different: 
definitions in its calculations of the pers: 
formance of a star wars defence. 

This corrosive dispute between a govern- 
ment department and Congress’s own tech 
nical advisory service faithfully reflects the 
division of opinion within the technical 
community about the feasibility of a nearly. 
perfect defence against ballistic missile 
attack. Meanwhile, there has beena chang. 
of emphasis in what senior officials of th 
administration say about star wars, ° 

President. Reagan’s statement on 23 i 
March 1983, which offered the hope that 
“we could intercept and destroy strategi 
missiles before they reached our own soi 
or that of our allies’’, has been. generall 
understood to refer to the destruction: o 
all but a very small proportion of hostile 
missiles during their boost phase. Buti 
now clear that the administration’s firs 
goal is the development of a more effectiv 
anti-ballistic missile (ABM) defence fo: 
its strategic retaliatory force, with- the 
prospect of destroying missiles in- thei 
boost phase something to toy with in th 
1990s. ae 








Bones of contention 


THE technical issues in dispute between the 
Pentagon and OTA are chiefly concerned 
with Dr Ashland Carter’s calculations of 
the requirements of a system capable of 
destroying hostile missiles before the end of 
their boost phase at an altitude of not much 
greater than 200 km above their launching 
points. The following specific points arise: 
© Booster characteristics. The OTA 
background paper argued that hostile 
missiles would be less easily detected (by 
the heat of their rocket motors) if they were 
designed so as to accelerate to their final 
velocity more quickly than is the case with 
liquid-fuelled rockets. (Carter points out 
that the MX missile now being built has 
some of these characteristics). The con- 
sequence is that the time available for 
detection by infrared sensors mounted 
on defensive satellites is reduced. The 
Pentagon’s criticism of the OTA document 
says that it will be a decade before the 
Soviet Union could develop ‘‘fast-burn’’ 
boosters such as this, and that the result 
would then be a ‘‘70-90 per cent ” 
reduction of the effective payload of 
ballistic missiles. In a letter to OTA, 
Major-General John C. Toomay, retired 
from the US Air Force, says that the 
complaint suggests that its authors ‘‘are 
confused’’ between fast-burn and 
“hardened” missiles (carrying protection 
against attack en route). 

@ Battle stations. The OTA paper made 
calculations of the number of satellites that 
would be needed to sense the emergence of 








hostile missiles above the atmosphere of. 
the Earth, and of the numbers of platforms. 
carrying lasers or other ‘‘directed.energ 

weapons” that would be needed to destro 

them. The letter of complaint from Deput 

Secretary Taft is reported to have alleged 
that the calculations were ‘‘wrong by at 
least a factor of two and, in some cases, a. 
factor of fifty”. Gibbons, in “hi 

memorandum to his board, says howeve 

that where OTA and the Pentagon’ deal 
with the same numbers of hostile missiles to. 
be destroyed, the results differ by a mere. 
ten percent — 160 “battle stations” (OTA 

rather than the 144 suggested by. the 
Pentagon as sufficient. 
@ Effectiveness. Much of. the 
disagreement between OTA and th 

Department of Defense turns on the 
assumptions made about the effectiveness 
of the various directed-energy systems: 
being canvassed as components of future 
weapons systems. While the Pentagon’s 
complaint says that OTA consistently 
underestimates the effectiveness, and the. 
present state of development, of beam 
systems consisting of X-ray lasers and 
accelerators of neutral particles, General 
Toomay says in his letter of support to 
OTA that the “‘lethalities of various kill < 
mechanisms [for destroying missiles] are 
essentially unknown at present”, and that 
while a few years of researclyand develop- 
ment may clarify the potential of the beam 
weapons being considered, ‘‘we certainly > 
cannot do this today”. Ch 





Ocean disposal recommended — 


Washington 
<THE US Government is being urged to con- 
-sider ocean disposal for accumulating low- 
level radioactive wastes. In a special report 
to. the President and Congress, the 
National Advisory Committee on Oceans 
‘and Atmosphere (NACOA) says it is con- 
cerned that ‘‘too little attention” is paid to 
‘the possible advantages of land disposal. 
The committee calls for more research to 
‘assess marine disposal options for 
ecological effects and pathways to man. 
The United States has not dumped radio- 
active waste at sea since 1970, but other 
countries continued low-level disposal at 
various sites until a two year moratorium 
“instituted under the London Dumping 
Convention in 1983, Despite strong 
political resistance to the practice, several 
nuclear nations are considering resuming 
-dumping when the moratorium ends. 
_. NACOA points out that the rate of pro- 
duction of low-level waste in the United 
_ States is likely to increase; the figure in 1980 
was around 80,000 cubic metres. The US 
Navy has 100 operating nuclear sub- 
marines, and will be decommissioning bet- 
“ween three and five per year, while several 
-large commercial power reactors are near- 
ing the end of their lives. NACOA believes 
that advances in marine science have made 
much less uncertain the environmental ef- 
fects of ocean disposal, and urges Congress 
_and the administration to reverse the pre- 
sent policy of excluding this option. 
NACOA offers no detailed new study of 
environmental effects, but points out that 
all the anthropogenic radioactivity that has 
reached the oceans since 1944 is only one 
tenth of one per cent of the total natural 
radioactivity in the oceans. It raises the 
“question whether agreement can be reach- 
ed ona level of anthropogenic radioactivity 
low enough to be ignored. The difficulty, 
acknowledged by NACOA, is that the na- 
tional phobia about nuclear activities 
“Makes rational debate difficult. 





The federal government and the nuclear 
power industry have, it says, limited 
credibility — ‘‘too often power reactors 
have proved to be less safe than advertised, 
and proposed waste disposal sites have 
shown more complex geology than 
originally suggested”, NACOA calls on 
the Department of Energy to provide 
financial support to citizens’ groups to in- 
itiate a public debate on radioactive waste 
disposal and restore confidence. 

The Office of Science and Technology 
Policy at the White House is charged with 
initiating the new research effort, aimed at 
clarifying the effects of low-level waste 
disposal at sea. At present, responsibilities 
are divided between several agencies, and 
NACOA wants to see a new inter-agency 
forum to examine the issues in detail. In- 
vestigations under way into the feasibility 
of sub-seabed emplacement of high-level 
waste might, it believes, shed light on low- 
level waste options. It also calls for an in- 
ventory of all anthropogenic radioactivity 
in the ocean; the International Atomic 
Energy Agency could undertake the task. 
In addition, US waste classification should 
conform with that of the agency. 

According to NACOA’s own estimates, 
the largest source of anthropogenic radio- 
activity in the ocean has been from 
weapons tests before 1968. Other major 
contributors have been lost submarines, 
plutonium-producing reactors and repro- 
cessing plant. The list, however, is un- 
doubtedly incomplete. NACOA bemoans 
the fact that much US dumping of low- 
level waste before 1970 was not adequately 
recorded, so that the opportunity to study 
carefully the effects of known dumps has 
been lost. 

International agreement on dumping is 
highly desirable, it says, because the United 
States is not the only country con- 
templating a return to sea disposal, and its 
actions will be seen as setting a precedent. 

Tim Beardsley 





-Uranium 


Australian exports continue 


Canberra 
_ FOLLOWING a 55:44 vote in favour at last 
“smonth’s Labor Party national conference, 
¿the continued export of uranium. oxide is 
: now part of Australian government policy. 
he most important in a week-long series 
of victories for Prime Minister Mr R.J. 
_ (Bob) Hawke, the vote was carried amid 
impassioned pleas and protests from the 
left, newly fortified by recent attacks on Mr 
-Hawke's major technical prop, the Slatyer 
report (see Nature 309, 647; 1984), and the 
-appearance of other commentaries con- 
-demning the export of yellowcake, even 
“under strict bilateral and multilateral 
safeguards. 





The new policy means that the two ex- 
isting Northern Territory mines, Ranger 
and Nabarlek, may negotiate new export 
contracts and that development may begin 
on the giant Roxby Downs ore body in 
South Australia. 

If French underground nuclear tests in 
the South Pacific do not end soon, the 
policy also carries with it a commitment 
towards implementing a halt to uranium 
shipments to France, the next of which is 
due in October. The uranium export in- 
dustry will be worth an estimated $4360 
million this year, rising, according to the 
Slatyer report, to as much as $A1,000 
million by 1993. Jeffrey Sellar 


Burford in hot water 









FEELINGS continue to run high over 
President Reagan’s appointment of Mrs 
Anne M. Burford as chairman of NACOA, 
the National Advisory Committee on 
Oceans and Atmosphere (see Nature 19 
July, p.171). On 24 July, the Senate passed 
a resolution calling on the President to 
withdraw Mrs Burford’s nomination by 74 
votes to 19, with strong support from both 
Democrats and a majority of Republicans. 

The motion was sponsored by Senator 
Edward Kennedy, who told the Senate that 
the President appeared to have forgotten 
Mrs Burford’s record as administrator of 
the Environmental Protection Agency, 
described as ‘‘controversial and flawed’’. 
Senator Kennedy proceeded to recite a 
catalogue of delays and obstructions to the 


agency’s work which he laid at Mrs 


Burford’s door. Senator Alan Cranston, 
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co-sponsoring the motion, described Mrs 
Burford as an ‘‘enemy of environmental 
protection”. The Senate’s confirmation is 
not required for Mrs Burford to be 
appointed, because the committee on 
oceans and atmosphere is only advisory. 
President Reagan appears unrepentant, 
however. Noting that the Senate’s 
resolution was not binding, the President 
has said he will stand by the appointment. 

The matter is nevertheless unlikely to 
rest there. Moves are afoot in both houses 
of Congress to change the status and 
powers of NACOA. A bill introduced last 
week by Senator Ernest Hollings would at 
a stroke abolish the committee and then 
reconstitute it, but in such a way that 
members would have to claim some scien- 
tific expertise relevant to environmental 
policy (which it is thought would rule out 
Mrs Burford). 

Under the Hollings bill, the Senate 
would have the power to veto appoint- 
ments. There may be some constitutional 
difficulties in this course, however, and an 
alternative being promoted in the House of 
Representatives by Representative Richard 
Ottinger would do away with NACOA 
altogether. This might pressure the Senate 
into reviving an earlier proposal for a 
National Oceans Policy Committee, which 
again would increase the power of 
Congress to influence appointments. 

Tim Beardsley 









U immigration 


‘Washington 

IMMIGRATION legislation that could restrict 
university recruitment seemed to be 
foundering last week in a storm of racial 
sentiment and pre-election politicking. The 
controversial Simpson~Mazzoli bill is pro- 
ving to be a sound stick with which newly- 
enthused Democrats in Congress can beat 
the Reagan Administration. The possible 
effects on scientific manpower in the 
United States seem to be largely 
overlooked. 

While national attention focuses on the 
bill’s provisions to apply an amnesty to 
illegal immigrants, universities seem to 
have resigned themselves to a back seat. 
The bill originally required foreign 
nationals studying in the United States to 
return to their home countries for a period 
of two years after graduating, before being 
allowed back into the United States. Not 
surprisingly, many. of those who recruit 
graduates: — both inside and outside the 
universities — were dismayed, and both 
houses of Congress accepted that this blunt 
instrument had to be sharpened. 

In its present form the bill will allow 
exemptions to the ‘‘two years non- 
residency” requirement, but the Senate 
and House of Representatives versions still 
differ, Educational lobbyists seem to have 
had their energies drained by their earlier 
efforts, and say they cannot expect to have 
any more influence on the bill. The exemp- 
tions will apply only to those who have 
been offered employment in the United 
States in the same field as their degree; 
others will be denied visa extensions. If the 
employment offered is on a faculty, the 
subject restrictions are waived; otherwise 
exemptions to the two years’ foreign 
residency requirement are to be limited to 
those with degrees in natural science, 
mathematics, computer science or 
engineering. 

The position of the American Council on 
Education, an umbrella body for various 

_groups, is that the status quo should be 
preserved, with no new restrictions on 
recruitment. The bill will, if passed, at the 
very least make extra work for university 
administrators and could yet hinder 
recruitment. One of the difficulties 
admitted by the council is the lack of data 
on foreign nationals qualifying and 
working in the United States, although 
according to one survey conducted by the 
National Academy of Sciences something 
like 55 per cent of foreign nationals who 
obtain a PhD in the United States remain 
for long enough to. seek a visa extension. 
But there is nothing like-a complete profile 
of foreign students’ employment, which is 
in- itself hindering efforts by those 
representing the interests of universities 
and high-tech industry. 

Engineering groups have been 
parvenlarly concerned about the bill in the 








The House of Representatives passed its 


































Reprieve by default for academics 


past, but, like the universities, now seem 
resigned to whatever Congress hands 
down. The issue of labour certification — 
the need to demonstrate that no US citizen 
can undertake a job awarded to a foreign 
national — is one area where the new bill 
could overturn the conventions that have 
been established. In particular, it is now to 
be questioned whether the outcome of an 
academic search will automatically satisfy 
the Department of Labor that a work visa is 
justified. 


UK fast breeder 


Accountants’ worries 


THE lack of major specific targets in the 
United Kingdom’s development pro- 
gramme for commercial fast-breeder re- 
actors has led to weakened financial con- 
trol, according to a recent report of the 
influential House of Commons Public 
Accounts Committee*.’The report urges 
that the Department of Energy and the 
UK Atomic Energy Authority (UKAEA) 
should be attempting to specify inter- 
mediate milestones -— in terms of both 
achievement and cost — to enable the suc- 
cess of the programme and its cost 
effectiveness to be more easily assessed. 
Following the government’s decision to 
slow down fast-breeder development in 
1982, UKAEA is cutting its annual ex- 
penditure on the project by a third to about 
£70 million a year. According to the 
authority’s chairman, Sir Peter Hirsch, 
this is the minimum commensurate with 
effective participation in the European 
collaboration on fast breeder design (see 
Nature 307, 200; 1984). In his evidence to 
the committee, he reported that the total 
cost of a development programme leading 








own version of the bill by the narrowest of 
margins a few weeks ago, but is unlikely to 
allow any further concessions to the stricter 
Senate version. Senator Alan Simpson is 
still insisting that the bill will survive, 
although hopes of appointing a conference 
committee to seek a truce with the Hou 
before the forthcoming Republican 
convention have now been abandoned, 
apparently to spare the bill’s supporters 
embarrassing political pressure. Others are 
by now convinced that the: bill will be 
hostage to the presidential election. and 
soon disappear without trace. as 
Tim Beardsle 


to commercial power stations wa 
estimated to be £3,;100-£3,700. million 
depending on assumptions. about futur 
interest rates. This calculation assume 
that a Commercial Demonstration 
Breeder Reactor (CDFR) is constructe 
1993 and that power stations come on-l 
in 2005. ; 

The Public Accounts Committee 
acknowledges the uncertainties ins 
calculations but notes that this isthe firs 
time that such a figure has been presented 
to Parliament. And because there is’ ni 
government commitment to the con 
struction of a CDFR, UKAEA’s ‘ex- 
penditure is set at an annual rate that can 
not be judged by a specific timetable 6: 
development. Nevertheless, the committe 
urges that intermediate targets should 
where possible, be agreed upon with the 
Department of Energy and costed accord 
ingly. Philip Campbe' 





*Thirty-second Report from the Committee of Publi 
Accounts, Session 1983-84, Development of Nuclea 
Power (House of Commons Paper 367, HMSO, £4, 15 





COCOM agreement on computers 


Washington 

COMPUTER manufacturers in the United 
States seem on balance to be relieved by 
the new agreement on computer export 
controls reached last month by COCOM, 
the international co-ordinating committee 
on strategic exports, The new rules will put 
US. and European manufacturers on a 
more equal footing. But while some 
control limits were raised, new restrictions 
were imposed for small personal com- 
puters and software. 

The agreement is seen as a major break- 
through in the vexed international issue of 
export controls: US attempts to enforce 
extraterritorial provisions in its own export 
control laws have been a continuing source 
of friction. The 15 member nations of 
COCOM (members of the North Atlantic 
Treaty Organization, minus Spain and Ice- 
land, plus Japan) have been discussing the 


7 








question for almost two years. ; 
The maximum “‘processing data rate’’ o 
exported mainframe computers has been 
increased from 32.million bits per second to 
48 million bits per second. For persona 
computers, the cut-off point will b 
between 7 and 8 million bits per second: the. 
United States had been particularly keen to. 
see controls on the smaller machines, 
which can have battlefield applications. . 
The new software controls will, it is be 
lieved, apply only to sophisticated real- 
time functions and will not cover standard : 
programs. Telecommunications and. 
switching equipment are also covered. But, 
despite the relief that agreement has been. 
reached, there is still some frustration: 
among the manufacturers that the details: 
are to remain confidential, although some- 
guidelines will probably be published. 
Tim Beardsley 



















4 US election 
From frying-pan 
to Senate? 


Washington 
Sınce the withdrawal earlier this year of 
Senator John Glenn from the competition 
for the Democratic presidential 
nomination, interest in the electoral 
fortunes of technically-minded members 
of the US Congress has centred on 
Representative Albert Gore’s attempt to 
win the Senate seat being vacated by 
Senator Howard Baker, now the 
Republican leader in the Senate. Although 
Gore is a Democrat, his reputation in 
Washington, the strength of his roots in 
Tennessee and the swing of the political 
pendulum are reckoned to conspire to his 
advantage in November’s general election. 
During his eight years in Congress, Gore 
has principally made his mark as chairman 
of the investigations and oversight sub- 
committee of the House of Representatives 
Committee on Science and Technology. By 
using the subcommittee as a platform, 
from which he has launched inquiries into 





Representative Albert Gore 

topics such as scientific fraud and the 
effects of automation on employment, 
Gore has provided yet another proof that 
virtually any power base will serve the 
needs of one who is sufficiently resourceful 
and energetic. 

At 38, Gore is as energetic as they come. 
His staff boasts of his voting record, saying 
that he has been on hand for 78 per cent of 
roll-calls in the House of Representatives 
during the past eight years. Philosophi- 
cally, his line on science and technology is a 
blend of optimism and anxiety, that of an 
upbeat Alvin Toffler. 

Just now, Gore is especially exercised by 
the question whether the coming of the 
fifth generation of computers (and ‘‘then 
the sixth generation’’) will cause intol- 
erable social strains. While accepting that 
increased productivity may create extra 
jobs for those displaced from manufac- 
turing, he is concerned that there may be 
insufficient opportunity for retraining and 
wonders ‘‘whether we will be imaginative 
enough to devise ways of compensating 
adequately” those destined to take jobs 
now badly paid. John Maddox 





Laboratory animals 





Berkeley fined for violations 


Washington 

THE University of California at Berkeley 
has been fined $12,000 and ordered to cor- 
rect long-standing deficiencies in its treat- 
ment of laboratory animals, the US 
Department of Agriculture (USDA) said 
last week. 

Under the ‘‘consent decision” reached 
with the university, there was no admission 
of wrongdoing, but the university agreed to 
pay the fine — believed to be the largest 
ever assessed against a university in sucha 
case — and take several specific steps to 
assure compliance with the requirements of 
the federal Animal Welfare Act. The uni- 
versity will have to run a training pro- 
gramme for those involved in animal care 
and will be required to establish an animal 
care committee that will oversee Berkeley’s 
efforts to comply with the federal stan- 
dards. At least one member of the commit- 
tee must be a member of the community, 
not affiliated with the university, and in- 
volved neither in research nor the animal 
welfare movement. The committee must 
make quarterly reports to the chancellor of 
the university and to USDA for at least 
three years. 


The university also moved last year to 
allocate half a million dollars for major 
renovations in its existing laboratory 
facilities. Two additional campus veterin- 
arians were hired, a training programme 
was established and — apparently for the 
first time — the chief veterinarian was 
assured access to all animal facilities on 
campus. 

The USDA fine was the culmination of 
years of efforts to get the university to cor- 
rect apparent violations of the Animal 
Welfare Act. USDA inspection reports cite 
uncleaned cages, overheated and poorly 
ventilated rooms, overcrowding of 
animals, and feeders contaminated with 
urine and faeces. Numerous inspection 
reports note inadequate veterinary care or 
a lack of trained employees. 

Anattorney for USDA said the problems 
at Berkeley were primarily the result of 
careless attitudes and a failure of organiza- 
tion. He said there was no one with un- 
disputed authority to order repairs or to 
have poor practices corrected. 

Berkeley will be permitted to apply 
$10,000 of the $12,000 fine to its training 
programme. Stephen Budiansky 





Koshland for Science post 


Washington 

THE new Editor of Science magazine 
will be Dr Daniel E. Koshland Jr, professor 
of biochemistry at the University of 
California, Berkeley. Professor 
Koshland’s appointment was announced 
last week by David Hamburg, president 
of the American Association for the 
Advancement of Science, and will take 
effect from 1 January 1985. 

Koshland replaces Dr Philip Abelson, 
who has served as Editor of Science for the 
past 22 years. He will divide his time 
equally between the editorship and his uni- 
versity teaching and research in California, 
while a deputy editor (who is yet to be 
appointed) will look after much of the day- 
to-day running of the journal, 

Koshland received his BSc at Berkeley in 
1941 and his PhD from the University of 
Chicago in 1949. His research areas have 
been the regulation and control of enzyme 
activity, and more recently information 
processing in sensory cells. At present he 
is using recombinant DNA techniques to 
analyse components of chemotaxis in 
bacterial model system. 

He is, he says, inheriting an ‘‘out- 
standing’ journal from Dr Abelson, but 
denies that he will be a caretaker editor. He 
expects to be making some changes to 
Science to reflect the changing times and 
his own interests and says it will be a 
challenge to continue the progress estab- 
lished by his predecessor. While declining 
to be drawn on specifics, he does not rule 





out moves to increase the target group of 
the publication. 

Koshland will relinquish his other editor- 
ial positions to devote all his time outside 
university to Science and will also be 
reducing his university teaching load, 
although the details of how he will divide 
his time between two jobs two and a half 


Daniel Koshland 

thousand miles apart have yet to be settled. 
He expects to be active in soliciting leading 
articles and evaluating research reports. 
Does he see Nature as a major competitor? 
Possibly. But, he says, ‘‘there’s room for 
both of us’’. Tim Beardsley 








Japanese nuclear power — 


Lawsuit dismissed 


Tokyo 

A LAWSUIT aimed at forcing the Japanese 
Government to withdraw. permission for 
the construction of a nuclear power reactor 
in Fukushima prefecture, some 250 km 
north of Tokyo, has been dismissed — nine 
and a half years after it was filed by a group 
of 400 local citizens. 

The decision, the first in Japan since the 
Three-Mile Island incident in the United 
States in 1979, will come as a boost for the 
nuclear power industry which, in marked 
contrast to that of the United States, is still 
booming and self-confident. In the week 
that saw the end of the court hearing, 
power companies announced ambitious 
plans for construction of a complete 
nuclear fuel cycle facility — uranium 
enrichment, reprocessing, low-level waste 
storage and probably high-level waste vitri- 
fication —in Aomori prefecture, a govern- 
ment advisory council recommended 
doubling the number of nuclear power 
plants-by 1993 and the government began 
talks in Beijing to finalize a bilateral agree- 
ment between Japan and China on nuclear 
power utilization. 

The citizens’ suit had centred on claims 
that permission for construction had been 
given “illegally” and “‘irrationally’’. But 
most of the court’s time — some six years 
~= was spent not on these issues but in 
deciding whether the citizens had any right 
to bring the matter to court at all. On this 
firstpoint. the plaintiffs were victorious: 
the defendants’ argument that the nuclear 
reactor control law refers only to the 
‘*public interest in general” was dismissed 
and it was accepted that those exposed to 
the possibility of suffering from a nuclear 
power plant accident have a right to pro- 
tection. of their personal interests, A pre- 
cedent has thus been set for other lawsuits, 
including four now in progress. 


Afghan students 





i Budapest 


AFGHAN students in Hungary are 
extremely concerned about their future. 
During the past month, the Afghan 
Embassy in Budapest has called in their 
passports, offering no explanation. The 
students fear that this may be a preliminary 
to their being called home for military 
service without completing their studies. 
There are believed to be several hundred 
Afghan students in Eastern Europe, and 
even more in the Soviet Union, mainly 
studying scientific and technological 
subjects. There is no information so far as 
to whether the call-in of passports applies 
only to Hungary or whether it has also been 
taking place in the ‘‘harder-line’’ countries 
such as Czechoslovakia and East 
Germany. Vera Rich 
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The court also took account of the 
plaintiffs’ questioning of the legal powers 
of the government to authorize nuclear 
power construction. What was at issue was 
whether the government can use ‘‘dis- 
cretionary powers” to authorize the con- 
struction of a plant which may threaten the 
lives of a large number of people. The court 
recognized the government’s rights but at 
the same time ruled that the seriousness of a 
nuclear accident meant that the scope of 
that discretion is very small — the govern- 
ment must be able to prove that the judge- 
ment about the safety of a reactor had been 
properly made. 

The plaintiffs were disappointed on 
what they saw as the real issue of obtaining 
a ruling on whether the reactor was safe: 
doubts had been raised about the safety of 
the fuel rods, the emergency core cooling 
system, the handling of nuclear waste, the 
impact of thermal effluent and the 
possibility that local residents would be 
continuously exposed to low-level 
radiation even during the normal operation 
of the reactor. But despite — or perhaps 
because of — the many tons of documents 
provided by the defendants, the court 
settled the matter on purely legal tech- 
nicalities and failed to provide any broad 
judgement on nuclear reactor safety. The 
court was able to declare only that there 
had been no violation of the legal pro- 
cedures in the process of safety screening 
and that the government's decision had not 
been made “‘irrationally’’, In so doing, the 
court accepted that the scope of the govern- 
ment inspection was restricted to the 
reactor itself — that is, to an examination 
of the basic design. All worries about the 
safety of waste and operation are thus left 
to post-construction regulations. Evidence 
from the Three-Mile Island incident was 
also considered inapplicable. 

That judgement would eventually go the 
government’s way has never really seemed 
in very much doubt — the reactor has after 
all already been built and is in operation. 
But the plaintiffs still feel that the basic 
question of who is going to assure the 
safety of the reactor has not been 
answered. For Fukushima residents it is not 
just this particular plant that is worrying: 
with eight nuclear reactors on two sites in 
the area, two more reactors and a proto- 
type heavy-water plant under construc- 
tion, they are surrounded by the world’s 
highest concentration of nuclear plant.. 

The citizens’ group is now to appeal to 
a higher court. Most commentators feel, 
however, that a court of law will never be 
able to give them the kind of assurance they 
seek. Instead there have been renewed calls 
for moves to strengthen the system of 
public hearings to help build public 
confidence in nuclear reactor safety. 

Alun Anderson 








Operation of 
power plants 


Tokyo 

JAPAN has 25 nuclear power stations in: 
operation, which puts it in fourth place. 
after the United States (82), France (36 
and the Soviet Union (35). In contrast t 
the United States where no new contracts 
have been awarded in the past five years 
Japan is continuing an ambitious. pro 
gramme of nuclear power plant construc 
tion. 

Ten plants are being built and researeh i 
being hurried forward on advance 
boiling-water reactors that use a concret 
rather than a steel containment vessel (i 
cooperation with US builders), on heavy’ 
water reactors and, with so far unshaket 
optimism, on fast-breeder reactors. 

Plants now in use — almost all boiling: 
water and pressurized-water reactors based 
on General Electric and Westinghous 
designs —- produce 17 per cent of th 
nation’s power. With average operatin 
efficiency close to 70 per cent, the plant 
approach perfect running: they must be 
shut down at least 25 per cent of the time 
for safety checks. Japan’s nuclear safety 
record also appears remarkably good — no: 
injury or loss of life has been caused by 
radiation leaks — and plant operators 
boast that the Three-Mile Island acciden 
could not have happened in Japan whe 
operator training standards are. higher. 
Governinent. documents show, however. 
that around 25 accidents and breakdowns . 
are reported each year. 

At least one of these accidents, which. 
involved the drainage of dangerou 
material into the sea, was potentiali 
serious and led to the disclosure of other 
mishaps that had been kept secret. i 

Since 1978, public hearings have becom 
a part of the licensing system. In a fi rst 
hearing, the power plant builder presents 
its plans and tries to win local support; 
after reports from the builder. and the 
Ministry of International Trade and 
Industry (MITD, the Nuclear Safety Com 
mission then provides experts to answer 
questions at a second hearing (albeit with. 
some limitations on follow-up questions). 
The final decision on construction is then 
made by MITI council. As MITI is. 
extremely active in promoting nuclear 
power development, it is difficult to see, 
how it can act simultaneously as a 
completely neutral licensing body. Perhaps 
partly because there is a feeling that any 
ruling is a foregone conclusion, public 
hearings have so far attracted more demon- 
strators than participants — the latest one, 
held in June in Saga prefecture, required 
the presence of 1,800 riot police. But to the 
power plant builders, this tendency simply 
demonstrates the lack of any real rational. 
grounds for opposition to nuclear 
development. Alun Anderson 







































































SiR — Over the past three or four years, we 
have become increasingly concerned 
because some European, particularly 
British, publishers charge higher prices to 
North American readers than to those in 
“other parts of the world, 
<. One may well ask why Nature costs $230, 
“or about £160, in the United States, 
whereas it costs only £98 in the United 
Kingdom and £120 in the rest of the world. 
The surprise and vexation of American 
librarians becomes greater when we have to 
pay $588 (£405) for the Philosophical 
Magazine, which costs only £207 
elsewhere. 
© We could expand this list. Unfor- 
“tunately, the practice is spreading among 
both commercial and society publishers. 
But the two examples suffice to illustrate 
the problem. One shows a questionable but 
Still modest surcharge of 30 per cent, the 
other a not unusual doubling of the price 
for US subscribers. 

When asked to explain this practice, 
publishers tend to cite the cost of air freight 
-and unstable exchange rates. But air 
-despatch is neither limited to North 
America nor more costly than it is to other 
overseas countries. Nor can this cost justify 
the difference in prices. Foreign exchange 
rates have moved for several years in one 
general direction and have consistently 

benefited the foreign publisher who early 
sets his price in dollars, not to speak of the 
one who sets it at unrealistic levels. When, 
< years ago, the dollar was steadily declining 
in relative value, the same publishers did 
not hesitate to issue supplementary 
“invoices or to demand payment in their 
countries’ currency. What seemed fair 
then, is fair now. If publishers demanded 
«payment in pounds sterling then, they 
--cannot in good faith demand it in dollars 
now. 
The American representative of a major 
> British university press recently let the cat 
out of the bag by noting that the higher 
-prices were not based on exchange rates or 
shipping costs but were the result of the 
Opportunities presented by ‘‘different 
markets”. 
< We find these practices unacceptable. 
They put a further library cost burden of 
perhaps several million dollars on re- 
searchers in the United States and only 
aggravate an already critical situation. 

Apart from direct but futile correspond- 
ence with. publishers and subscription 
- agents, we have brought our objections to 
the attention of the American Library 
Association, the Special Libraries Asso- 
ciation and the Association of Research 
Libraries. One of us is preparing a paper on 
< the topic for publication in a US library 
Journal, in which he intends to use and 
expand on the material in this letter. 

«We have cancelled some British journals 
and have not subscribed to some new ones 
because of higher prices for US libraries. 











For some journals from other European 
countries we have been able to take other 
measures, and we are exploring the 
possibility of similar arrangements in 
England. 
LARRY X, BESANT 
SIEGFRIED RUSCHIN 
Linda Hall Library, 
5109 Cherry Street, 
Kansas City, Missouri 64110, USA 


© Until October 1975, the price of Nature 
in the UK was £27.50, while US subscribers 
were supplied by surface mail (at £31 a 
year) or by airmail (£50 a year), Later in 
1975, in October, arrangements were made 
to supply US subscribers by air-speed 
delivery and the price of Nature was fixed 
at £35 in the United Kingdom and $95 in the 
United States. I am sure that with the dollar 
converting at more than two to the pound 
and with the extra cost of air-speed, the 
prices were virtually identical. Since the 
end of 1975, the price of Nature has 
increased from £35 to £98, a ratio of 2.7, 
while the price of a full subscription in the 
United States has been increased to $230, a 
ratio of 2.4. Since November 1982, the 
price of Nature in both countries has 
remained essentially unchanged, and will 
not change until at least the end of 1985. 
But unhappily, with the rapid decline of 
sterling relative to the dollar, the US price 
seems relatively much greater than that in 
the United Kingdom. But it is worth also 
saying that since we now manufacture 
American copies in the United States and 
are thereby (we hope) able to provide an 
even faster service than air-speed allows, 
we have to pay substantial printing bills in 
the United States and are thus less able to 
profit from the dollar’s strength, — 





Editor, Nature. 
Tropical malaise 
Sir — The current decline in tropical 


ecology pointed out by Norman Cole 
(Nature 309, 204; 1984) is one for which 
there is no immediate prospect of reversal, 
The problem is one of the availability of ap- 
propriately trained manpower and extends 
into applied areas such as agriculture and 
fisheries. There is a significant demand for 
people of this type from developing coun- 
tries in the tropics by the international 
agencies and overseas universities but the 
rate of replacement appears much slower. 
Often the most promising individuals in a 
government department of a developing 
country disappear abroad, understandably 
to take up more rewarding appointments in 
these situations, with no qualified junior 
who might profit from the increased ex- 
perience to take over. There appears, 
therefore, to be a net loss of people at the 
highest level which exceeds the current 
availability of trained experienced people. 

In the developed countries it is not just 











reduction i in the amber of projects in the 
tropics but, more to the point, the number 
of opportunities for recent graduates to 
gain tropical experience is becoming 
severely limited. This is particularly notice- 
able in a country such as Britain which has a 
substantial tradition of work in tropical 
biology; however, the number of outlets 
for younger scientists to gain the crucial in- 
itial experience are now very few, and are 
principally through the voluntary agencies, 
with a few through government technical 
assistance programmes. This can only lead 
within the next decade or so to a much 
reduced commitment by this country to the 
tropical sciences. A few countries, such as 
Norway and the Netherlands, are increas- 
ing the opportunities for their scientists, in- 
cluding those newly qualified, to work in 
the tropics, which will provide a cadre of 
experienced workers in. the medium term, 

although the total numbers may not be so 
great. 

All of these factors add up to a rather 
discouraging prospect. The sparse distribu- 
tion of experienced scientists from the 
developing countries and the international 
drain on these resources in conjunction 
with the progressive limits on the possibil- 
ities for young scientists from the develop- 
ed countries to gain. the all-important first 
experience in the tropics could well precipi- 
tate a manpower crisis in ecology and food 
production sciences in ten to fifteen years’ 
time. 

A.1, PAYNE 
Department of Biological Sciences, 
Coventry (Lanchester) Polytechnic, 
Coventry CV1 SFB, UK 


Sea of subdued light 


SIR — I wonder whether there is any in- 

terest in Ruskin’s account of Homer’s sea? 

Ruskin says': 
As far as I can trace the colour perception of 
the Greeks, I find it all founded primarily on 
the degree of connection between colour and 
light; the most important fact to them in the 
colour of red being its connection with fire 
and sunshine; so that ‘‘purple’’ is, in its 
original sense, ‘‘fire-colour’’, and the. 
scarlet, or orange, of dawn, more than any 
other fire colour. | was long puzzled by 
Homer’s calling the sea purple; and misled 
into thinking he meant the colour of cloud 
shadows on green sea; whereas he really 
means the gleaming blaze of the waves under 
wide (sic) light. Aristotle’s idea (partly true) 
is that light, subdued by blackness, becomes 
red; and blackness, heated or lighted, also 
becomes red. Thus, a colour may be called 
purple because it is light subdued (and so 
death is called ‘‘purple’* or “shadowy” 
death); or else it may be called purple as be- 
ing shade kindled with fire, and thus said of 
the lighted sea... 





J. BENTLEY 
179 Howlands, 
Welwyn Garden City, 
Herts AL7 4RL, UK 


1. Ruskin, J. The Queen of the Air: Being a Study of the Greek 
Myths of Cloud and Storm, 110-111 (George Anen; Orp- 
ington, 1869), : 






from Lewis A. Glenn 


In spite of improvements in seismic techniques, the remote identification of seismic events as nuclear 


explosions remains limited. 


BANS or limitations on nuclear weapons 
tests. are one of the many types of arms con- 
trol measures that have been attempted 
over the years. The first nuclear test agree- 

- ment, the test moratorium, was made in 
1958 and lasted until the Soviet Union 
unilaterally resumed testing in the at- 
mosphere in 1961. It was followed by the 
Limited Test Ban Treaty of 1963, which 
prohibited nuclear tests in the atmosphere, 
in.Outer space and underwater. In 1974 the 
Threshold Test Ban Treaty (TTBT) was 
signed. This treaty limited underground 
tests after March 1976, to a maximum yield 
of 150 kilotons. (1 kt is the energy release 
equivalent to 1,000 metric tonnes of TNT.) 
The TTBT was followed by a treaty 
limiting peaceful nuclear explosions and, 
although neither of these was ever ratified 
by the US Senate, both the United States 
and the Soviet Union claim to be abiding by 
the 150 kt yield limit. A comprehensive test 
ban treaty (CTBT), prohibiting all testing 
of nuclear weapons, has also been discuss- 
ed and there is widespread public interest in 
this idea. However, a verifiable CTBT is a 
contradiction in terms. No- monitoring 
technology can offer absolute assurance 
that very-low-yield illicit-explosions have 
not occurred. 

The concept of adequate verification has 
been employed in an attempt to avoid this 
pitfall. This-term is usually understood to 
mean ‘that which would reduce to an ac- 
ceptable level the risk that clandestine test 
programmes of military significance could 

“be conducted...’’!. However, it has proved 

difficult to obtain agreement on what is 
meant by an acceptable level of risk and, 
especially, programmes of military 
significance. 

An alternative approach is to 
characterize the limitations of realistic 
monitoring. and analysis methods and the 
potential for clandestine testing. A detailed 
study along these lines has been prepared 
by J. Hannon‘ of our laboratory and is 
summarized below, along with a brief but 
comprehensive review of cavity decoupl- 
ing, the most serious evasion threat. When 
these constraints and opportunities are 
taken into account, the outlines of a max- 





Lewis A. Glenn is Associate H-Division Leader at the 
Physics Department, Lawrence Livermore National 
‘Laboratory, University af California, PO Box 808, 
Livermore, California 94550, USA. 











Verification limits for test-ban treaty 


imally restrictive, yet verifiable, test ban 
agreement can be brought into sharp 
focus. 


Tools for verification 


The principal tools. for monitoring com- 
pliance with a CTBT are seismic networks 
and surveillance satellites. On-site inspec- 
tions might also be required to resolve am- 
biguous. events. Satellites are actually of 
limited use, since it is possible to carry out 
low-yield explosions in buried cavities 
without any visible ground-surface motion 
resulting. Moreover, test activities, in- 
cluding the required excavations, can be 
associated with mining or other large-scale 
industrial undertakings. The critical ele- 
ment of the monitoring system is thus the 
network of seismic stations, and in par- 
ticular the in-country stations. 

Internal. stations provide much more 
useful data than do stations situated out- 
side the borders of testing nations. The ex- 
ternal stations are generally so far from 
potential evasion sites that they record the 
motion of only a few waves from the larger 
events (those with seismic magnitudes, m™,, 
greater than about 4 on the Richter scale) 
and high frequencies have been significant- 
ly reduced by attenuation and scattering 
throughout the Earth. The larger ampli- 
tudes recorded by the internal stations, for 
the same event, result in an increase in de- 
tection capability. The multiple waves and 
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higher frequencies improve the abil 
distinguish between explosions and eartl 
quakes. These two functions, detection 
and identification, are themain elements 
the verification process. 


Detection capability 
At any given point on the surface of 
Earth, the detection capability of a seis: 
network is specified in terms.of the seism 
magnitude of. the source. that. will 
detected there with a specified degree < 
confidence. Algorithms have been devise 
by independent investigators to ‘estima 
this capability as a function of various i 
put parameters*!3, The predictions ar 
remarkable agreement as long as- the sam 
ground rules are observed. Figure 2 show: 
the estimated overall detection capabili 
as a function of the number and type of i 
ternal stations; the calculations were mad 
by J. Hannon of our laboratory’. In‘ thi 
figure, the overall detection capability 

defined as the magnitude above which 4 
explosion at any pointin 90 per cent of t 
Soviet Union would be detected with 90 p 
cent confidence. The capabilities of simp 
internal stations (consisting of single 
three-component seismometers)}. are con 
trasted with those using regional arrays 
which 16-25 seismometers are deployed over 
an area of about 10-100 km’. The array 
stations have a lower effective noise level. 
and also have improved ability to recor 








Fig. 1 Seismic body- 
wave magnitude against 
explosive yield for 
different explosion 
environments. The 
relationships are based 
on US data from. the 
Nevada Test Site. 
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combinations of regional waves. 
“Figure 3 shows the estimated effects of 
_ varying some of the parameters implicit in 
-the calculations of Fig. 2. P, and L, are 
large-amplitude seismic waves propagat- 
“ing in the crust and upper mantle and 
“recorded at regional distances; they are a 
x primary reason for the increased capability 
of regional stations. 
<= The two parameters that have the most 
significant impact on the detection 
capability are the SNR and the required 
degree of confidence, the second of which 
accounts for the main differences in detec- 
tion capability reported by different 
groups*-!3, Some believe that any testing by 
the other side under a CTBT could lead toa 
significant threat to national security and 
that the probability is high that evasion will 
be attempted irrespective of the potential 
«political costs. They insist that the degree 
of confidence in the ability to detect (and 
identify) a single clandestine test should ap- 
proach 90 per cent. Others have argued 
that only a programme of repeated testing 
has military significance and contend that 
the anticipated costs of being caught are so 
high that even a small possibility of detec- 
ion is a significant deterrent to any poten- 
tial evader: Those holding this view suggest 
hat any verification provisions need havea 
degree of confidence of only 30 per cent or 
less. One way of comparing the two ap- 
proaches is to note that, given a 30 per cent 
degree of confidence for detecting a single 
event as an explosion, a series of seven tests 
would have to be-carried out before the 
probability of detecting at least one CTBT 
violation would exceed 90 per cent. 


Seismic identification 

“Once seismic’ waves from an event have 
“been detected, the source must be iden- 
“tified as a nuclear explosion, a chemical 
‘explosion or an earthquake. Many 













Fig. 2 Overall detection 

capability as a function of 
4 the number and type of 
internal stations. The 
overall detection capability 
is the magnitude above 
which an explosion at any 
point in 90 per cent of the 
Soviet Union would be 
detected with 90 per cent 
confidence. 





discriminants have been proposed. First, 
the located depth of the source is useful, 
since current drilling limits are less than 
about 10km. Therefore, explosions are not 
likely to be responsible for signals 
originating at greater depths. 

Second, the areas in which large 
magnitude earthquakes occur are fairly 
well known. A strong seismic signal 
originating at a shallow depth in, say, Kan- 
sas is much more likely to be the result of an 
explosion than an earthquake; the same 
would not necessarily be true for Califor- 
nia. However, areas that are seismically in- 
active at high magnitude levels may not be 
so at the low levels demanded for CTBT 
verification. For example, a recent study of 
parts of Louisiana, Oklahoma and Texas, 
which had shown only one earthquake of 
magnitude 4.5 or greater in 8 years, reveal- 
ed that there is almost one earthquake per 
day in the magnitude range 2.0 to 3.9 (ref. 
14). Similar results can be expected in many 
granitic regions, so that the areal discrimi- 
nant is probably of limited use for small 
events. 

For those large events that are not 
eliminated by depth or location, one of the 
most useful discriminants is based on the 
ratio of surface-wave to body-wave 
magnitudes (M, : m,). If an explosion and 
an earthquake have the same body-wave 
magnitude, the surface-wave magnitude 
for the earthquake is generally larger '5-'®. 
It has yet to be shown, however, that M,: 
m, is useful at low magnitudes, especially 
when explosions are set off in long tunnels 
or odd-shaped cavities (see below). 

A number of other promising regional 
discriminants have been suggested, based 
on differences in the spectral content and 
radiation pattern of the recorded signal’, 
but their use requires a greater SNR than 
for detection alone. It is generally accepted 
that almost all events having a SNR three to 


| four times (0.5-0.6 mag or 10-12 dB) 











greater than that required for detection will 
be identified. This implies that some events 
will be detected but not identified, thereby 
generating ‘‘false alarms’’ that would have 
to be resolved by on-site inspections or 
other means. A rough estimate of the 
number of such events can be derived from 
Fig. 4, which plots the average number of 
shallow earthquakes above a given seismic 
magnitude; small events, with m, < 3.5, are 
poorly recorded, so the data are ex- 
trapolated below this level. An optimistic 
assumption is that 80 per cent of the events 
in the magnitude interval between 2.7 and 
3.2 (the level of detection capability reach- 
ed by a network of 25-30 regional arrays) 
will be identified. This leaves several hun- 
dred unidentified events a year, which 
would pose an obstacle to continuing con- 
fidence that the terms of a treaty were being 
observed. 


Opportunities for evasion 


Detection of an explosion can be avoided 
by ensuring that the signal generated is 
below the background noise level, by 
emitting “normal” signals at times of high 
noise, or both. If the noise only partially 
masks the signal, detection may occur but 
identification may be impaired. Reducing 
the signal strength at the receiving station 
may be accomplished either by reducing 
the coupling of the explosive energy into 
the Earth at the source or by choosing 
(through site selection) a path from the 
source to the seismic station through a 
region that. absorbs significant seismic 
energy. 

To understand the significance of 
decoupling, it is necessary to interpret the 
detection capability of a network in terms 
of explosive yield, as illustrated in Fig. 1. 
The seismic body-wave magnitude is 
plotted against the yield in kilotons. The 
data are representative of US experience at 
the Nevada Test Site?. Their applicability 
to the Soviet Union is uncertain. Various 
investigators!®!9 have presented evidence 
that a given explosion in the Soviet Union 
registers several tenths of a magnitude unit 
higher than the same explosion at the- 
Nevada Test Site (which is a principal 
factor in the recent controversy over 
alleged violations of the Threshold Test 
Bank Treaty). 

The upper line in Fig. 1 shows the seismic 
magnitude that would be generated by ex- 
plosions that are tamped, or well-coupled 
to hard rock. Under these conditions, if the 
lower limit of detectability (from Fig. 2) 
corresponds to m, = 2.7, the maximum ex- 
plosive yield would be approximately 0.1 
kt. It should be noted that, although the 
domain in Fig. 1 extends to this low yield, 
there are very few hard-rock data below | 
kt; these are characterized by. considerable 
variability and there are also problems in 
obtaining a consistent definition of 
magnitude. The line drawn in Fig. 1 is bas- 
ed on the ‘‘granite’’ representation in ref. 
2; both lower? and higher? estimates have 














-been made for hard rock. i 

` The middle band in Fig. 4 shows the 
" effect of detonating the explosion in the 
deep, dry alluvial deposits at the Nevada 
Test Site. For the same body-magnitude, 
the explosive yield would be about 10 times 
greater in alluvium than in hard rock. The 
reason is that the alluvium is porous, so 
that a large fraction of the source-energy is 
dissipated by pore collapse. It is uncertain 
whether there are similar geological forma- 
tions in the Soviet Union. 

The lower band in Fig. 1 corresponds to 
explosions in large cavities and represents 
by far the most important potential for eva- 
sion. 

Cavity decoupling 

The idea of using a large cavity to muffle 
the seismic signal from an underground ex- 
plosion was first proposed 25 years ago by 
Albert Latter and Hans Bethe.at an early 
conference on the discontinuance of 
nuclear tests’. They calculated that the 
strength of the distant seismic signal in an 
elastic medium is determined primarily by 
the volume of the cavity created by the ex- 
plosion. If the explosion is set off ina large 
cavity, then it is the differential increase 
that determines the signal amplitude. 
Moreover, if the cavity is just large enough 
for its walls to suffer only elastic deforma- 
tion, the distant signal, for a given yield, is 
minimized and it does not pay to make the 
cavity any bigger. Inelastic behaviour 
_ causes increased coupling because the 
“ ‘medium is unable to support shear and can 
thereby flow and thus undergo large 
displacements. 

Experimental confirmation of the 
cavity-decoupling theory was. first obtain- 
ed in a series of experiments, collectively 
called COWBOY, conducted with 
chemical explosives in a Louisiana salt 
mine in 1960°, Salt was chosen as the test 
medium because of its homogeneity in situ 
and because of the ease in which a cavity 
can ‘be constructed and maintained. The 
ratio cof the seismic amplitude in the 


tamped explosion to that: obtained when | 


the same yield is generated in an excavated 
cavity is called the decoupling factor; a 
decoupling factor of 100 was measured in 
COWBOY. 

Confirmation of cavity decoupling in a 
nuclear experiment was made in the 
STERLING event (0.38-kt yield)’, which 
was fired in the Tatum salt dome (near Hat- 
tiesburg, Mississippi) on 3 December 1966, 
more than two years after the SALMON 
event (5.3 kt yield)® created the cavity. A 
maximum decoupling factor of 70+20 was 
determined for STERLING, indicating 
that full decoupling may not have been 
achieved. It was known before STERLING 
that the SALMON cavity (17.4 m radius) 
was too small fully to decouple the explo- 
sion, which would have required roughly 
.. 60 per cent more volume. Moreover, 
although creating the cavity with an earlier 
explosion was cheaper than conventional 
mining techniques, the salt structure 
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Fig. 3 Sensitivity of the overall detection 
capability to variations in the assumptions 
made in calculating the network capability 
shown in Fig. 4. 


around the cavity was thereby weakened 
(the theory predicts the decoupling factor 
to be proportional to the rigidity modulus 
of the surrounding medium). 

The significance of these results can be 
seen when they are combined with the 
lower limit of seismic detectability. As 
illustrated in Fig. 1, an m, measurement of 
2.7 now corresponds to a5 kt explosion (in- 
stead of the tamped hard-rock value of 0.1 
kt), even if the decoupling factor is only 50. 
Decoupling factors several times larger are 
predicted if the cavity can be excavated ina 
stiffer medium, such as granite’. 

Although the process has been shown to 
work, recent objections have arisen on 
theoretical grounds!-!", Figure 5 illustrates 
the problem. The spectral variation of the 
seismic amplitude is plotted, for a fixed 
yield, for both tamped and cavity- 
decoupled explosions. In either case it is 
observed that only modest changes occur 
as the angular frequency is increased to the 
neighbourhood of the eigenfrequency, 
w = C/R, where c is the wave speed and R 
the elastic radius, after which severe damp- 
ing occurs. For the cavity-decoupled explo- 
sion, this ‘‘corner’’ frequency is based on 
the cavity radius, Ry. For the tamped ex- 
plosion, the radius at which the shock wave 
attenuates to an elastic wave, Ry, is much 
larger. 

A heuristic explanation for this derives 
from the fact that the radial momentum in- 
crease in a strong explosion is proportional 
to the square root of the mass engulfed by 
the blast wave, which is evidently many 
times larger when the cavity is initially filled 
with rock than with air. Thus, even though 
the amplitude of the tamped explosion is 50 
or more times greater for w < wr = c/R,, it 
may be much less in the region wp < w < wp 
= c/Rp.The decoupling factor can 
therefore be expected to decrease substan- 
tially in this frequency interval. The effect 
is of no significance for teleseismic 
monitoring, since frequencies greater than 
w, are effectively attenuated by the Earth. 
There is some evidence, however, that effi- 
cient high-frequency transmission can 
occur at regional distances in certain 
geographical regions of importance. Also, 
Earth noise decreases with increasing fre- 
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Fig. 4. The average number of shallow 
seismic events above a given magnitude. 20 
per cent of the detected events within 0.5 
mag of the overall detection threshold are. 
assumed to be unidentifiable. 


quency, so that increased signal-to-noise 
ratio (SNR) will aid in signal analysis... 

The decrease of the decoupling factor a 
high frequency has not been confi rmed ex 
perimentally. The remedy for the problem, 
if it exists, is to increase the size of the. 
decoupled cavity, However, fully todecou 
ple a 5 kt explosion requires a salt cavity 
with a radius of 49 m (ref. 12), so that it is 
not feasible, or at least impractical, to.ex. 
cavate a sphere of the required size. An 
alternative method of increasing th 
characteristic size of the cavity is toconnéc 
long tunnels to the explosion chamber 
These could easily extend beyond distance 
corresponding to Ry, and could. bran 
and/or be multiply connected. Whethe 
such a system could provide sufficien 
high-frequency damping is uncertain at 
present and is an active area of research. © 

Cavities may also be constructed in 
harder rock medium, although this would 
be more costly and the maximum size may 
be more limited. Calculations indicate 
that, for a minimum volume system, the 
shape of a decoupled cavity in hard rock is 
much more flexible than in salt, so that: 
tunnel-like excavations could be used!?, 
These would be smaller in span dimension, 
but much longer and with less. well- 
characterized seismic radiation patterns. 
Because hard-rock formations are often 
located in regions of very active seismicity, 
cavities excavated there would also serious- 
ly complicate the already difficult problem ` 
of discriminating between low-yield explo- 
sions and earthquakes. ; 

The excavation of large underground © 
cavities would not be hard to disguise from 
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satellite observation if the activity were 
associated with mining or other large-scale 
industrial undertakings. In salt, the least 
expensive method is solution mining. A 
1970 study indicated that a 50 m radius 
cavity could be solution-mined in the 
-Tatum salt dome at a cost of less than $10 
-qillion”, By 1977, the cost was put at $20 
million but it was determined that a single 
cavity might be useful for up to 25 tests, 
performed over a period of two years? . 
Re-use of a cavity would probably be an 
important consideration since present-day 
costs are undoubtedly still higher. With 
salt, however, there is always the 
SALMON option of creating a primary 
cavity with a tamped explosion and then 
‘enlarging it in steps by exploding larger and 
larger devices therein. It is possible that this 
technique may already have been employed 
by the Soviet Union in their Peaceful 
Nuclear Explosion (PNE) programme in 
“which several nuclear explosions have been 
“conducted for the stated purpose of storing 
‘the natural gas condensates from Orenburg 
and Astrakhan fields”. 


‘Conclusions 

total ban on all nuclear testing cannot be 
verified by seismic (or in fact by any other 
‘technical) means. What is feasible 
depends, to some extent, on what is 
egotiable: For example, if in-country 
seismic networks are excluded, so that only 
extraterritorial monitoring can be used, 
clandestine explosions. with yields of up to 
10 kt would be possible in appropriate 
“geological formations, even without cavity 
decoupling: Still larger explosions might go 
undetected if they were partially decoupled 
~~ Conducted in cavities too small to allow 





Fig. S Spectral variation of 
seismic amplitude at fixed 
yield for tamped and cavity- 
decoupled explosions. The 
ratio. of the tamped to the 
decoupled amplitude is 
called the decoupling factor 
and theoretically decreases 
at frequences above wy. 


Angular 
frequency (w) 


full decoupling, but big enough to reduce 
the seismic amplitude by, say, a factor of 
5-10. 

The situation changes if internal stations 
are permitted. In the best case, where a 
large number of internal seismic arrays are 
deployed, the probability is high that an 
evader would be caught attempting 
explosions with yields exceeding 5-10 kt, 
even employing fully decoupled cavities. 
Even with the large internal network, 
however, smaller explosions would go 
undetected. A treaty negotiated on the 
basis of seismic networks alone might even 
favour the Soviet side, where clandestine 
testing, in violation of a test-ban treaty, 
would be much less likely to be reported 
unofficially than in the United States. 


f 3 g tap 
been made by both sides t 











hat it is in their 
interests to negotiate a new test-ban treaty, 
how then can any progress. be made? An 
interesting solution has been. proposed by 
R. E. Kidder of our laboratory 
(unpublished letter). This rationale is that 
if undetectable nuclear explosions of low 
yield are possible, then verifiability 
requires that these explosions should be 
allowed. Such tests would be sanctioned 
only at a single designated and seismically 
well-characterized site in each country, and 
would be required- not to produce a near- 
field seismic signal in excess of a specified 
value. The latter condition would require 
cavity decoupling in order to achieve the 
maximum yield, (If, instead of a seismic 
amplitude limit, a yield limit was specified, 
without accounting for decoupling, there 
would be no way of seismically verifying 
that a still larger yield had not been tested in 
a cavity). The designated sites in each 
country could be calibrated with radio- 
chemical probes provided by both sides 
and also with known charges of chemical 
explosives. 

The advantage of this so-called 
maximally restrictive verfiable test ban 
(MRVTB) would be that the present yield 
limit of 150:kt could be reduced by a factor 
of 30 with high confidence that neither side 
was-cheating. The incentive for attempting 
to evade the agreement would be removed 
for low-yield tests (below 5-10 kt) and the 
internal seismic network would prevent 
high-yield clandestine tests, even with full 
or partial decoupling. 

Even with a MRVTB, however, there is 
no guarantee that isolated clandestine 
tests could not be made at other locations, 
to conceal the extent or nature of a test 
programme. g 


that a pol 
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Relativity’s most elaborate test 


A project to test the general theory of relativity is still going after a quarter of a century. 
The physics is such fun that the travelling may be better than the arrival. 


Stanford, California 

How do you make into a perfect sphere a 
lump. of. fused quartz the size of a ping- 
pong ball with an accuracy of one part in 
107? How do you suspend that electrically 
in.a cavity hardly any bigger, and set it 
spinning so as to function as a nearly 
perfect gyroscope? And then do all this ina 


- satellite at an altitude of more than 500 


km? And why, in any case, do you bother? 

These questions have for thirty years 
preoccupied the Stanford-centred group of 
physicists and. engineers designing what 
must be the most: elaborate of all experi- 
ments in physics ~~ the measurement of the 
precession of a néarly-perfect gyroscope 
moving through the Earth’s gravitational 
field. The declared objective is to test 
Einstein’s theory of gravitation in a way 
that has not previously been possible. The 
hidden agenda may be to push a constel- 
lation of exacting technologies further than 
has.previously been done. 

Since the earliest days of general 
relativity, it has been clear that a gyroscope 
should precéss (drift) in the gravitational 
field of a rotating object such as the Earth, 
but the Stanford project. was inspired by 
the late Leonard Schiff, who calculated ex- 
plicitly the rate -of precession of a gyro- 
scope in free fall around the Earth. 

There are two effects, one called 
goedetic precession and caused merely by 
motion through the gravitational field, the 
other due to the angular rotation of the 
Earth and called motional precession, The 
first: effect is analogous to spin-orbit 
coupling in the calculations of the energy 
levels of atoms, the second to the spin-spin 
„coupling between the nucleus and the elec- 
‘trons of an atom which is responsible for 
the hyperfine structure of atomic spectra. 

Both effects are tiny. Geodetic pre- 
cession should amount to 6.9 seconds of 
arc a year fora satellite at an altitude of 550 
km; motional precession to a mere 0.044 
arc-seconds a year. Fortunately, the two 
effects are at right angles and so may be 


, separated by a single measurement. The 
' objective of the Stanford measurement is 
, to obtain the motional precession to within 
| 1 per cent, which requires an underlying 


accuracy of 0.3 milliarc-seconds a year — 
the angle subtended by the width of a 
human hair at a distance of 10 miles. 

The refinements elaborated in the past 
thirty. years have been dictated simply by 
this goal. The project calls for a gyroscope 
with an inherent drift-rate nine orders of 
magnitude less than that of the instruments 














now used for the inertial navigation of 
nuclear submarines. The only hope of 
achieving such stability is in an orbit about 
the Earth, for otherwise even the best 
suspensions will yield an unacceptable 
amount of drag. The evolution of this pro- 
ject shows what happens when people set 
outrageously ambitious goals, promising 
themselves that they will solve whatever un- 
anticipated problems arise. This is how the 
project has moved from one apparently 
insuperable obstacle to another: 

@ The original decision that the gyroscope 
should be a spinning sphere has not been 
seriously reconsidered. Fused quartz is 
used chiefly for strength and homogeneity. 
Electrostatic suspension is achieved by 
coating the sphere with a superconducting 
material (niobium). The space between the 
sphere and its spherical housing is typically 
40um. Three pairs of electrodes sputtered 
on the surface of the housing are used to 
keep the sphere at the centre of the cavity 
and also, as capacitors, to sense departures 
from positions. In the satellite, there will be 
two pairs of gyroscopes mounted in a line, 
spinning in pairs parallel and anti-parallel 
to each other. Making spheres of quartz 
accurate to one part in 10’, which has been 
done by two special lapping machines at 
NASA's Marshall Space Flight Center at 
Huntsville (Alabama), is slightly less dif- 
ficult than the measurement of departures 
from roundness, made possible by means 
of a computerized mechanical stylus built 
by Rank Taylor Hobson (from Leicester, 
England) to a design developed at the 
University of Aberdeen. 

@ Superconducting skins make essential 
liquid helium temperatures, which in any 
case help to reduce random noise. So the 
spacecraft will be built around a huge 
Dewar vessel, containing 1,295 litres of 
liquid helium, like that used successfully in 
the infrared astronomy satellite IRAS. 

@ To measure the drift of the gyroscopes 
relative to the fixed stars, there must be a 
telescope — one of 400 cm focal length 
fashioned from fused quartz with folded 
optics (three coaxial mirror surfaces). The 
reference point will be the bright star Rigel 
in Orion. 

@ Spinning a spherical superconducting 
sphere cannot be accomplished electro- 
magnetically because of the obdurate dia- 
magnetism of the material, so that the 
housing is to contain a system of channels 
for allowing helium gas to flow past the 
sphere, using friction to get them spinning. 
The awkward tradeoff that must be made is 





between the acceleration of the sphere b 
the gas jets and its deceleration by gas 
escaping from the channelled flow 
Residual helium is removed by raising th 
ambient temperature from 1.5 to 3.5 K 
whimsically called. ‘“‘baking-out’’. The 1 
intention is that the axes of the gyroscopes 
should be along the apparent line of sight 
(uncorrected for aberration) to. Rigel 
which will entail a complicated sequence o 
approximations in which the spin axes 
the four gyroscopes. are alternatel 
adjusted by gas jets and rolling. of th 
spacecraft. 
@ Sensing the direction in which a nearh 
perfect spinning sphere is. pointin 
obviously cannot be accomplishes 
optically. Mercifully, F. London showed in. 
1957 that a superconducting object. set 
spinning should have a characteristic. 
magnetic moment, essentially the externa 
macroscopic magnetic field compensating 
for the angular momentum imposed `b. 
spinning on quantum States of individual 
electrons. But the London moment is tiny, | 
so it is necessary not merely to exclude all _ 
magnetic material from thestructurebutto. 
isolate the gyroscopic assembly from the. 
external magnetic field. Shifts ‘in th 
direction of the London moment are to be 
detected by a pair of superconducting coils 
and measured with the help of the super 
conducting devices called SQUIDs: 
@ Even at 550 km, atmospheric drag wil 
cause the spin axes of the gyroscopes t 
drift. So it is planned to compensate for 
drag by placing near the centre of the 
spacecraft a free-falling metal ball, then 
using helium jets to keep the spacecraft on 
the freefall path. This technique was used. 
in the US Navy’s navigation. satellite. 
TRIAD | to keep the acceleration of that’ 
spacecraft below 5x107? of the; 
acceleration at the surface of the Earth. 

The long history of this elaborate project, 
has not been free from trouble, but William. 
Fairbank, professor of physics at 
Stanford, now thinks the doubters have: 
been won over. NASA has promised space 
for a proving flight on the shuttle in 1988, 
and there is a prospect that the satellite may 
be launched (into an accurately polar orbit) 
in 1991. 

Fairbank says that the outcome may not 
be just another test of general relativity but 
perhaps a pointer to the physics that. will .. 
have to be understood before gravitation 
can be quantized. H it works, it should help» 
further to make general relativity part of 
ordinary physics. John Maddox 















Developmental biology 


A Rosetta stone for pattern 
formation in animals? 


from Jonathan Slack 


` FOUR weeks ago in these columns, Gary 
 Struhl described the discovery of a DNA 
sequence called the homoeo box!* which 
promises to be the biological equivalent of 
the slab of basalt found in 1799 near the 
Egyptian town of Rosetta by a French 
officer called Boussard. The Rosetta stone 
was a decree in honour of Ptolemy V 
` written in Greek and in the ancient demotic 
© and hieroglyphic scripts. It provided the 
most important clue in the decipherment of 
the hieroglyphics; eventually scholars were 
able to read inscriptions on statues, 
coffins, tombs and temples from all over 
Egypt. In this article I shall describe some 
- impressive new work on the mechanism of 
© segmentation in the fruit fly Drosophila, 
-which was facilitated by the discovery of 
the homoeo box, and also discuss some of 
the implications of the presence of the 
homoeo box in the genome of a wide 
“variety of organisms. 
The homoeo box is a protein-coding 
sequence of 180 nucleotides. There are at 
= least seven copies in the Drosophila 
genome which are sufficiently similar to 
cross-hybridize under stringent conditions. 
Six of these seern to be parts of selector 
genes whose activity codes for different 
regions of the embryo along the antero- 
posterior axis; they lie within the Bithorax® 
. or Antennapaedia’ complexes on the third 
chromosome. The seventh, also in the 
Antennapaedia region of the chromosome, 
is part of a gene called fushi tarazu (ftz) 
whose mutations belong to another group, 
disturbing the periodicity of the 
. segmentation pattern while leaving 
unchanged the non-periodic features of the 
anteroposterior pattern®?, Homozygous 
“ftz embryos, which die before hatching, 
have only half the normal number of 
segmental repeats. 

The ftz gene has been located on the 
molecular map of the Antennapaedia 
complex by mapping mutant lesions'®, and 
now its structure and expression in normal 
development have been determined!!. The 
gene contains two exons with the homoeo 
box sequence at the beginning of the 
second exon. Analysis of embryonic 

“mRNA shows that there is a single 
transcript of 1.9 kilobases (kb) which is at 
tts most abundant during the first 3 hours 
of development and declines to zero after 
about 6 hours. The first visible indication 
“of segmentation in Drosophila embryos 
“oecurs at about 5 hours (ref. 12), so the 
fiz* gene is active at exactly the right time 
to have a causal role in the establishment of 
the periodic pattern. 
o The really remarkable results come from 
the study of the spatial distribution of this 











mRNA in the early embryo using the 
technique of hybridization in situ of DNA 
to embryo sections!}. It should be 
remembered that in the early stages of 
insect development there are a number of 
synchronous nuclear divisions without the 
formation of cell membranes. At a certain 
stage most of the nuclei migrate to the 
periphery of the egg to form a syncytial 
blastoderm and, a few divisions later, 
nuclei acquire individual cell membranes to 
produce the cellular blastoderm — a single 
cell layer surrounding the inner yolk mass. 
In Drosophila, the syncytial blastoderm is 
formed after 9 nuclear divisions and the 
cellular blastoderm after 13. Experiments 
in which small defects have been induced 
by laser irradiation!‘ show that the embryo 
itself arises from the region between about 
15 per cent and 65 per cent of the length of 
the egg measured from the posterior pole, 
the remainder becoming extraembryonic 
structures. At the cellular blastoderm 
stage, the region corresponding to each 
prospective segment is three to four cells 
wide. 

Hybridization in situ of ftz+ DNA first 
gives a detectable signal after the eleventh 
nuclear division; it hybridizes to a uniform 
cylindrical band in the region that will 
develop into the embryo. Over the next two 
nuclear divisions, this band breaks down 
into a pattern of seven stripes, each 
corresponding to the width of about one 
prospective segment. The RNA disappears 
by 4.5 hours, which is about the time that 
the appearance of neuroblasts gives the 
first visible indication of segmentation. It is 
assumed, but cannot be proved at present, 
that the mRNA in the normal embryos is 
made in those parts of the repeating pattern 
missing from the fiz mutant. 

The implications of this result are far- 
reaching. First, it provides direct evidence 
that the ultimate segmental repeating 
pattern is preceded by a ‘prepattern’ in 
which the repeating unit is twice as wide. 
This is a radically new idea, first suggested 
by the discovery of ‘pair rule’ mutants. The 
prepattern is evidently present in both 
ectodermal and mesodermal prospective 
regions of the blastoderm, and so precedes 
the establishment of germ layers at 
gastrulation. 

Second, it seems that the prepattern is 
continuous to begin with, but subsequently 
breaks down into the sevenfold repeat. It is 
unlikely that this change is the result of the 
local sorting out of active and inactive 
nuclei, because of the continuity of 
genetically-marked clones in the larval 
hypoderm!>. Both results seem more 












advanced in 1978 by ] 
but which, on the whole, has not found 
favour with other drosophologists. In this 
model, the embryo is traversed by a 
sequence of chemical concentration waves 
which have successively 1, 2, 4, 8 and 16 
peaks; this model is claimed to account not 
only for the formation of the repeating 
pattern but also for the unique states of 
determination of the imaginal disc 
rudiments in each segment. 

One of the objections to this model has 
been that most insects do not form their 
segments simultaneously but in progres- 
sion, often from the anterior to the 
posterior end, with each segment being 
formed sequentially from a posterior 
growth zone!!. Nobody wants to believe 
that the repeating pattern in Drosophila is 
set up by amechanism completely different 
from other insects, and yet this is implied 
by the in situ hybridization results with 
itz * DNA and of the simultaneous appear- 
ance of the two-segment repeats. 

It is to deal with this sort of pessimistic 
speculation that the homoeo box returns as 
a sort of master trump. McGinnis et al? 
reasoned that, if the homoeo box is part of 
several Drosophila genes concerned with 
regional specification, be they selector 
genes or periodicity genes, then 
homologous sequences can perhaps be 
found in the genomes of other animals. 
And, indeed, they have now been found in 
Drosophila virilis, Tenebrio (a beetle), the 
earthworm, the chick, Xenopus, the mouse 
and the human. ` 

So far, only one of these genes, from 
Xenopus, has been examined in detail’. A 
clone called AC1, extracted from a 
Xenopus clone bank using the Drosophila 
homoeo box as an identifying probe, turns 
out also to contain a protein-coding 
sequence very similar at the amino acid 
level to that of Drosophila. The 
appearance of mRNA complementary to 
ACI has been studied during early 
development. There are three RNA 
species, 1.2, 1.6 and 2.3 kb in size. The 1.2 
and 1.6 kb species are first detectable in the 
late gastrula, a stage at which we expect 
regional specification to be taking place. 
The 1.2 kb RNA disappears at the tailbud™ 
stage, just as the 2.3 kb species first 
appears, while the 1.6 kb RNA is present 
throughout early development. 

The implication is that the genes which 
control regional specification in 
Drosophila have universal functions and 
that the homoeo box enables them to be 
identified and extracted from any animal 
whatever. If so, then we really can 
anticipate that the problem of pattern 
formation, one of the deepest mysteries in 
biology, is on the point of final solution. 

What comments can an embryologist 
make about such results? At first sight, it 
would be somewhat surprising to find that 
the mechanisms of pattern formation are 
really the same in insects and vertebrates. 
Not only is their descriptive embryology 


compatible with a model for segmentation | completely different in all respects, but sO 
























































is their experimental embryology. Antero- 
posterior specification in insects occurs in 
response to a signalling centre at the 
posterior pole, whereas in vertebrates, the 
first inductive interaction establishes the 
three germ layers and anteroposterior 
specification seems in some way intimately 
associated with the gastrulation move- 
ments”°, The homoeo box appears to code 
for some sort of genetic regulatory element 
and it is possible that the genes with which 
it is associated in Xenopus have nothing to 
do with pattern formation. In this context, 
it is worth noting that McGinnis et al? 
report that the homoeo box has not been 
detected in nematode or sea urchin DNA, 
and they associate this with the absence of 
visible segmentation in these creatures. 
However, only one out of seven copies of 
the homoeo box in Drosophila is associated 
with a periodicity function (/tz), while the 
other six are associated with selector genes 
believed to be responsible for antero- 
posterior specification. Since all animals, 
whether ‘or not they are segmented, have 
some anteroposterior differentiation, we 
might have expected to find the homoeo 
box in nematodes and sea urchins as well. 

Such questions can only be decided by 
experiment and we await the results of in 
situ hybridization studies with ACI with 
bated breath. If ACI and the other genes 
containing homoeo boxes have a signifi- 
cant regional expression in the early 
embryo, we shall really feel there is a deep 
unity about pattern formation, as pro- 
posed by Wolpert?’ in 1969, which under- 
lies. the. apparent: superficial complexity 
and diversity of animal development. 

For vertebrate embryologists, there will 
be exciting times ahead. We can expect the 
inducing factors that. appear to control 
regional specification to function by activat- 
ing the appropriate combinations of selector 
genes. If these genes contain the homoeo 
box, cloned probes will soon be available; 
then, perhaps, we shall finally be able to 
find out what is happening during embry- 
onicinduction. a 
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Cosmology 


Cosmic strings and galaxies 


from Craig Hogan 


IN this issue of Nature, Kaiser and Stebbins 
propose an interesting test of the 
hypothesis that the formation of galaxies 
and galaxy clusters was induced by the 
action of ‘cosmic strings’. Itis only recently 
that strings have come to the attention of 
scientists working outside the arcane 
realms of mathematical physics, In this 
article, I shall explain what they are. 

In modern gauge theories of funda- 
mental interactions, ‘the vacuum’ is far 
from being ‘nothing’. Rather, it is now 
recognized as a dynamical object, which 
can be in different states. The current state 
of the vacuum affects the properties (such 
as the masses and interactions) of any 
particles put into it. Although the vacuum 
is thought to lie in its ground state — that 
with the lowest energy — this state has not 
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Fig. 1 ‘Mexican hat’ potential Vep $4 Jabove the 
(ġġ) plane. At high temperature, thermal 
effects force the vacuum to the ‘false’ vacuum at 
the origin (F), whereas at low temperatures this 
vacuum is unstable and moves to the ‘true’ 
vacuum around the base of the rim. Widely 
separated parts of the Universe move randomly 
to different vacua 7, and T, which have the same 
energy. Any closed path in space which maps 
onto a loop going around the rim encloses a 
‘string’ where the vacuum is topologically 
trapped at F. The string itself consists of the 
region of space where the vacuum differs 
significantly from its ground state at the rim. 


always been the same. Thus, in the early 
Universe, when the particle component 
(that is, ordinary matter and radiation) was 
at a very high temperature, the vacuum 
adjusted its state, and in doing so modified 
the properties of the particles, so as to 
minimize the free energy of the entire 
system, vacuum plus particles. (That is, the 
vacuum went into a higher-energy state in 
order to lower the energy of the hot plasma 
-by an even greater amount.) As the 
Universe cooled, to keep the entire system 
at the lowest possible energy at a given 
temperature, the vacuum had to change, 
eventually ending up in its present state 
(which is very nearly the ‘true’ or zero- 
temperature vacuum). 

It is possible that as the Universe 
expanded the cooling happened too rapidly 








for the vacuum to find its true ground state, 
and the vacuum was frozen into a ground: 
state with defects. Defects in a three. 
dimensional space can be zero dimensional. 
(monopoles), two dimensional (domai 
walls), or ‘one dimensional (strings). T 
types of defects that may appear dependo 
the internal degrees of freedom w 
define the vacuum’s state, so they de 
on the particular gauge theory unde 
discussion. In general, topologically stabl 
defects form if there is a set of possible 
ground-state vacua which have the. same 
energy, but which form a curve or surface 
with nontrivial topology in the internal 
space describing the vacuum (Kibble 
T.W.B. J. Phys. A9, 1387; 1976-an 
Phys. Rep. 67, 183; 1983). For example, 
suppose that. the state of the vacuum i 
described by two parameters, $, and 4,, an 
that the free energy density of the zero 
temperature vacuum is a function V(>,, 4,) 
shaped like a sombrero over the ($; $) 
plane (Fig. 1). At high temperature therma 
effects force the vacuum everywhere in. 
physical space to the same point at-the 
origin 9, = $, = 0, near the peak of theha! 
in the vacuum’s internal space. As 
Universe cools, the vacuum settles down to 
a point in the circle forming the base of the 
rim. The lowest energy would be found b 
lining up the vacuum at all points in space. 
at the same point on the rim, and this is 
what happens locally. However,’ widel 
separated places in the Universe cannot 
communicate with each other in the time 
takes this cooling to occur, and wi 
randomly choose different places aroun 
the rim to cool to. The result will be clos 
paths in space whose corresponditig vacu 
form a loop going right around the rim. 
we then deform our path to a point 
physical space, the corresponding loop of 
vacua must somewhere leave the rim of 
ground states in order also to deform to: 
point; we have ‘trapped’ a region of space. 
in the ‘false’ vacuum at the origin, or 
created a topological defect. The regio: 
trapped in this way is a string in three- 
dimensional space. Effectively, it i 
confined to a narrow path in space by the 
volume energy cost of the false vacuum at 
V(¢, = ¢, = 0) but it cannot shrink away to 
a point because of the energy cost of having 
large-amplitude spatial gradients in $. 
Such strings are macroscopic objects. In 
the above example (and in most cases of” 
cosmological interest) they have no ends, 
and are either infinitely long or in closed: 
loops. They have a longitudinal tension 
p = -p and mass per unit length u : 
determined by the potential V: 
Gu/c?=(<1b]) /mp)? 
where m,,is the Planck mass and (/$|> is 
the radius of the base of the hat rim. The 





width of the string (the width of the region 
where the vacuum differs significantly 
from its ground state) is so small that the 
only significant. interactions of strings in 
athe present Universe are gravitational. 
< Strings of this general type have been 
‘studied by mathematical physicists for a 
number of years, but became particularly 
interesting to astronomers only when 
unified Yang-Mills theories (also known as 
‘grand unified theories) were formulated 
and enormous values of (|$|) =10%m,, 
were being contemplated corresponding to 
p=10%c?/G or roughly a thousand tonnes 
per fermi. Thus, gravitational effects 
associated with grand-unified-theory 
‘strings would give rise to velocities of order 
VGu=300 km s`! comparable with the 
largest observed astronomical systems. 
The enormous mass of these strings may be 
grasped by imagining a closed loop as big 
as, say, a person; an object orbiting around 
this loop at a distance of a few metres 
would have a velocity of order 300 km s`. 
Zeldovich (Mon. Not. R. astr. Soc. 192, 
663; 1980) and Vilenkin (Phys. Rev. Lett. 
46, 1169; 1981) have studied the evolution 
of the network of strings formed in the 
cearly Universe, and suggest that the 
gravitational effects of cosmic strings are 
actually responsible for creating galaxies 
and clusters. 

The effect discussed by Kaiser and 
Stebbins on page 391 is a good illustration 
of the peculiar nature of the interactions of 

: vacuum strings. The mass of strings is not 
like the mass of ordinary matter, because it 
is due entirely to the string tension. Thus, if 
we grab a loop and stretch it out, its mass 
increases, proportional to its length; this 

„new energy will have come from the work 
we did against the string’s tension. The 
gravitational interactions of strings are not 

< the same as those in an ordinary massive 
rod. Spacetime containing only a straight 
string is ‘conical’, so it induces no tidal 
forces or gravitational attraction. If an 

“infinite stationary straight string were 
„passing through the room, it would not 
‘affect anything — you would feel no 
gravitational pull of any kind (this would 
not be the case if the string were curved). If, 

_on the other hand, you walked through the 
“string with velocity V, you would find that 

“the parts of your body which had passed on 

‘opposite sides of the string would be 
moving towards each other with velocity 
-8n V x (Guc?) the string leaves a ‘wake’. 

Becauseof theenormoustension, p = -p, 

of cosmic strings, disturbances travel along 
them at the speed of light, and therefore 
strings which are not perfectly straight 
‘generally tend to move transversely at near 
the speed of light. If one of these fast 
„Strings were to pass through the room, you 

ould certainly notice it; the parts of the 

“room on opposite sides of the string’s 
swath would suddenly be moving towards 

“each other with velocity ~ 8ne(Gu/c?) = 4 

-km s', Unless it actually passed through 
your body, however, you would still feel 
nothing (except perhaps some anxiety) 








until something fr 
actually hit you in the face. 

A similar wake forms behind strings in 
the cosmic background radiation, and this 
is the effect discussed by Kaiser and 
Stebbins. The observer’s telescope and the 
last scattering surface find themselves 
moving towards each other in the wake on 
the trailing side of a transversely-moving 
string, so the temperature is seen to change 
abruptly by a Doppler factor V/c ~ 
8nGu/c? between the leading and trailing 
sides of the string. The formation of this 
wake is dissipative and produces a weak 
viscous drag on the string. 

Clearly it is of great interest to know 
whether these exotic relics are indeed 
largely responsible for the largest 
aggregations of matter in the Universe, 
both from the standpoint of astronomers, 
who have been struggling for years with the 
origin of large-scale structure, and from 
that of physicists, who would be delighted 
to find observable phenomena related to 
fundamental physics concerning the 
internal structure of the vacuum at very 























short distances, inaccessible to accelerators 
but pertaining to the early Universe. The. 
distinctive nature of the microwave 

anisotropy predicted by Kaiser and 3 
Stebbins is probably the cleanest and most 
direct way of searching for the effects of 
strings. Other more indirect effects may be 
discerned, such as gravitational lensing of 
quasars by string loops, or a cosmological 
gravitational wave background produced 
by rapid oscillations of string loops, which 
might be detectable using timing 
measurements of the millisecond pulsar 
1937 +215. One of the most attractive 
features of strings is the fact that they have 
so many distinctive and unique 
observational side effects; cosmologists 
might find strings to be unusual among the 
proposed relics of the early Universe in that 
they can be ruled out observationally 
before they are superseded by theoretica 
fashion. g 





Craig Hogan isin the Department of Theoretical 
Astrophysics, California Institute of Technol- 
ogy, Pasadena, California 91125. 





Molecular botany 


Plant cells under stress 


from C.A. Cullis 


PLANTS are subject to a wide variety of en- 
vironmental and biological stresses 
throughout their life cycle and some species 
have the ability to adapt to often harsh and 
variable environments. Different condi- 
tions of stress may induce common 
responses, such as the enhancement of 
ethylene production, and a large number of 
stress responses have been characterized. 
The way in which these specific changes are 
controlled and the molecular messages in- 
volved in that control are generally unclear, 
but contributions to a recent meeting* 
showed that clarity is forthcoming. 

The response of soybean to heat shock 
has been studied extensively (J.L. Key et 
al., University of Georgia). In response to 
temperature increases from typically 28°C 
to 40°C a class of heat-shock genes is ac- 
tivated in this plant. The accumulation of 
the corresponding proteins is not necessari- 
ly correlated with a reduction in the syn- 
thesis of other proteins (E. Vierling and J. 
Key, University of Georgia) although 
towards the highest temperatures tolerated 
(45°C) they are the major class of proteins 
synthesized. The presence of the heat- 
shock proteins is strongly correlated with 
the acquisition of thermal tolerance and 
the thermal protection afforded by the pro- 
teins is associated with their localization 
within the cell (C.Y. Lin et al., National 
Taiwan University; P, Cooper ef al., 
University of Illinois). Pre-adaptation of 
maize seedlings to heat shock allows them 


* ARCO Plant Cell Research - UCLA Symposium on ‘Cellular 


and molecular biology of plant stress’, organized by J.L. Key 
and T. Kosuge, Keystone, Colorado, 15-20 April 1984. 





to recover fully from the severe damage to 
the photosystem II complex of chloroplasts 
caused by heat shock (C. Arntzen et al., * 
Michigan State University ~ D.O.E. Plant 
Research Laboratory). This recovery is 
directly correlated with the rates of syn- 
thesis of new thylakoid polypeptides. 

A number of stress-induced substances, 
including the enzymes of the phenylpro- 
panoid pathway, hydrolases, protease in- 
hibitors and phytoalexins, have been 
characterized. In cultured parsley cells, the 
enzymes of the phenylpropanoid pathway 
can be induced by various stresses (K. 
Hahlbrock et al., Max Planck Institute, 
Cologne). Induction of several of these en- 
zymes is controlled at the level of gene 
transcription but not indiscriminately so. . 
Thus UV light increases the transcriptions 
of the phenylalanine ammonia-lyase gene 
more than that of the 4-coumarate: CoA 
ligase gene, though with the same time 
course, whereas the opposite is found when 
the inducing agent is ‘elicitor’ — poly- 
saccharide fragments of cell walls which 
are responsible for the responses of plants 
to pathogen attack or wounding. Heat 
shock can override the stimulation of 
phenylalanine ammonia-lyase synthesis by 
UV light or elicitor, irrespective of which 
stress is applied first, and the elicitor over- 
rides the UV light effect. Thus, there ap- 
pears to be a hierarchy of stress response. 

Chitinase and ß -1,3-glucanase activities 
can be specifically induced either by fungal 
infection (and elicitor) or by ethylene (T. 
Boller, University of Basel, Switzerland). 
However, the suppression of ethylene pro- — 
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-duction in response to stress does not alter 
the level of production of either enzyme in 
immature pea pods by the pathogen (and 
elicitor), indicating that ethylene and the 
pathogen are independent stimuli of these 
two hydrolases. 

Production of proteinase inhibitors I 
and II of tomato is greatly stimulated by 
wounding, although there is a low level of 
message in the unwounded plant (C.A. 
Ryan et al., Washington State University, 
Pullman). Both the cDNA and genomic 
clones for these genes have been obtained 
from tomato and potato. Again poly- 
saccharide fragments of cell walls are active 
as inducers. They are also potent elicitors 
of the castor bean and pea phytoalexins 

`` (C.A. West et al., University of California, 
Los Angeles). The accumulation of the 
soybean phytoalexin, glyceollin, is pre- 
ceded by increases in the activity of a 
number of enzymes including those in- 
volved in its synthesis (H. Grisebach, Uni- 
versity of Freiburg). Infection of soybean 
with: Phytophthora megasperma f.sp. 
&lycinea, ot treatment with a glucan elicitor 
from this.fungus, leads to de novo enzyme 
synthesis which is controlled at the level of 
gene transcription. Using a radioimmuno- 
assay for glyceollin it was shown that in 
soybean roots infected with a compatible 
race of the fungus, glyceollin accumulated 
only in the epidermal layer, whereas with 
an incompatible race glyceollin also ac- 
cumulated to a high level in the root tissue, 
thus supporting the role of this phytoalexin 
in the plant’s defense reaction. 

Cell-wall polysaccharides clearly play a 
part in the regulation of gene expression in 
response to pathogen attack. But they may 
also have diverse regulatory functions in 
growth and development and may be an 
important class of regulatory molecules (P. 
Albersheim ef al., University of Colorado, 
Boulder). When most of molecular biology 
is devoted to proteins and nucleic acids it is 
timely to consider that carbohydrates may 
be more than just structural components of 
the cell. g 


C.A. Cullis is.at the John Innes Institute, Colney 
Lane, Norwich NR4 7UH. 





100 years ago 

THE employment of acupuncture by Chinese 
doctors forms the subject of an article in one of 
the last numbers of the North China Herald. A 
native public writer not long since claimed that a 
skilful physician in this department of medicine 
could cure such diseases as imbecility, fits, 
cholera, &c. The principle of cauterisation is 
simply that of counter-irritation; and the 
English writer bears personal testimony to its 
efficiency in the case of a slight sunstroke, 
although the operator was a simple Manchu 
peasant, and instrument a couple of copper 
coins, Very extraordinary cures are attributed to 
acupuncture by the Chinese. It is first performed 
in the hollow of the elbow of each arm. If the 
puncture draws blood there is no danger, but if 
no blood. appears the case is regarded as very 
grave, But before abandoning the sufferer, 
puncture of the abdomen is tried. 


Front Nature 30, 324, 31 July 1884. 














Bacterial motion 


Surprises from halobacteria 


from Michael Spencer 


INTEREST in the bacteria that thrive in 
saturated salt solutions has progressed far 
beyond the original desire to arrest the 
spoilage of salted meat. It is now clear that 
halobacteria show some unique features 
that give them an unusual fascination for 
molecular biologists. The best known of 
these is the purple membrane that 
functions as a light-driven proton- 
pumping system for driving the synthesis of 
ATP. Solar-energy buffs have even 
suggested that the system might usefully be 
harnessed to the generation of electricity 
(Singh, K. & Caplan, S.R. Trends 
biochem. Sci. 5, 62; 1980}. As part of their 
evolutionary adaptation to life in hot 
shallow salty pools, halobacteria have also 
developed a double linkage between light- 
sensitive membrane proteins and the 
flagella: one system drives them towards 
regions of high-intensity visible light, while 
the other helps them to avoid dangerously 
high levels of ultraviolet radiation 
(Hildebrand, E. &Schimz, A. Photochem. 
Photobiol. 38, 593; 1983). It is in the actual 
operation of the flagellar motors that some 
surprising differences from other bacteria 
have now emerged. 

The saga of flagellar motion (do they 
wiggle or actually go round and round?) 
has been running for many years, and 
progress with more common species was 
summarized only recently in these columns 
(Nature, News & Views 309, 404; 1984). 
The evidence strongly favours the idea that 
each flagellum has an independent and 
reversible rotary motor, powered by a 
proton gradient. In many bacteria the 
flagella operate in bundles which rotate 
synchronously, but there is a topological 
restriction on the sense of rotation: if the 
flagella are coiled into left-handed helices 
the bundle can only rotate in a counter- 
clockwise direction when looking towards 
the body, while right-handed helices can 
only rotate clockwise. Halobacteria (which 
also have bundled flagella) appear to break 
this rule, and in a new paper Alam and 
Oesterhelt (J. molec. Biol, 176, 459; 1984) 
discuss how this might be explained. 

The reason for the normal restriction has 
been analysed in detail by Macnab (Proc. 
natn, Acad. Sci. U.S.A. 74, 221; 1977), but 
can easily be demonstrated by twirling two 
wire helices between the finger and thumb. 
For one direction of rotation, two or more 
helices can rotate indefinitely with 
apparent propagation of helical waves 
away from the body, whereas with reversed 
rotation a state of ‘jamming’ rapidly 
develops which stalls the engine. In many 
species the resulting stress leads to a 
transient reversal of helix sense which 
makes the bundle fly apart, followed by a 
period of ‘tumbling’ and then a reversion 

























































to normal rotation. The result is that-t 
bacterium sets off in a new randomly 
determined direction after each reversal. 
Reversals occur spontaneously even in the 
absence of stimuli, and control- b 
receptors of external stimuli is exercised b 
varying the interval between reversal: 
when moving in a favourable dire 
reversals are much rarer. 
Halobacterium halobium, the organ 
studied by Alam and Oesterhelt, doe 
operate like this. In contrast to the frenet 
activity of Escherichia coli, which d 
about at a rate of 20 mnis `, H. halobiui 
moves towards its goal at the more state! 
pace of 2um s~; and when subjected to 
unfavourable stimulus it simply pause 
briefly before moving backwards along 
same line, Alam and Oesterhelt foun 
their surprise that there was no revers 
the sense of the helix, which remaine 
right-handed throughout; all th 
happened was that the flagella rotate 


asked themselves ‘“‘whether each. filame 
has an individual motor, whether all 
filaments are mounted on a single mot 
plate, or whether halobacterial mobility 
dependent at alton a rotatory motor’, 

The last hypothesis, which wo 
nowadays be regarded as heretical, w 
discarded after experiments in. w 
bacteria. were observed to go round 
round when their flagella were tethered toa 
glass surface with antibodies. Over 
remaining two possibilities. the auth 
rather hedge their bets. On the one han 
electron microscopy shows the members 
a bundle apparently penetrating the 
surface in a tight coil, which would see: 
to exclude the insertion of each flagellu 
into a separate motor of the kind found | 
other bacteria. On the other hand, | 
cultures contain large numbers of detac 
flagella which aggregate spontaneously 
long ‘super- flagella’, and it is possible 
a motile bundle is simply one activel 
driven flagellum with a number of inacti 
partners stuck to it. Alam and Oesterh 
suggest that further study of the system: 
lower salt concentrations, at which 
morphology of the cell body remains 
unchanged but super-flagella are known 
to disaggregate, might provide the answe 
They also draw attention to another 
interesting difference from other bacteria, 
in that H. halobium flagella show a much 
more complicated pattern of proteins on 
gel electrophoresis. These freaks of nature 
may have more puzzles in store for us yet: 


Michael Spencer is in King’s College 
Department of Biophysics, 26-29 Drury Lane, 
London WC2B SRL. 





Cell biology 





More red than dead 


from Walter Gratzer 


‘THE opinion has been too often voiced that 
the mature mammalian red cell, having 
oshed its nucleus, ribosomes and cyto- 
plasmic cytoskeleton, is no more than a 
` floating corpse, fit for the attentions of 
_- nothing better than a pathologist. Yet more 
is now known about its membrane and the 
proteins that control its properties than is 
the case for any other cell, and the fact re- 
mains that if the mechanisms by which such 
features as cell shape and lipid asymmetry 
“care regulated cannot be discovered in the 
-red cell, they are likely to remain per- 
< petually obscure. 
`<. Among the facts that practitioners in the 
field would most ardently like to explain 
are the following: first, the characteristic 
shape of the cell, the biconcave disc, is 
-under metabolic control. When the cyto- 
-plasmic ATP pool is used up the discocyte 
< develops protruberances on its surface and 
turns into an echinocyte. This is then trans- 
“formed into a spiculated sphere and the 
“projections are later lost as microvesicles, 
-leaving a smooth spherocyte behind. Up to 
“a quite advanced state of echinocytosis the 
“ghanges are reversible, if metabolites are 
added to the medium and the cell is allowed 
to resynthesize ATP. These effects can be 
..feproduced in ghosts (or empty resealed 
-membranes) and they require ATP 
uniquely: non-hydrolysable analogues will 
< not serve. Secondly, the four major phos- 
-“pholipids of the membrane are asym- 
«metrically distributed, and remain so for 
the lifetime of the cell; in particular the two 
-saminophospholipids, phosphatidylserine 
(PS) and phosphatidylethanolamine (PE), 
are essentially confined to the inner leaflet 
“of the bilayer. It is, as will be revealed, a 
new and remarkable development that 
ATP seems also to be required to maintain 
this segregation and that the two 
_ phenomena — asymmetric lipid distribu- 
tion and metabolic shape control — may be 
linked by a common mechanism. 

What has long been clear is that the 
function of ATP in conserving the discoid 
form is not related to the exclusion of 
calcium ions, nor to the preservation of 
onic concentration gradients of any kind. 
Until recently it was widely held that the 
key to its action was phosphorylation, 
some said of proteins — especially spectrin, 
the. major structural constituent of the 
membrane-associated cytoskeleton — and 
others lipids. It later emerged, however, 
: that the transformation to echinocytes on 
depletion of ATP was largely complete 
before much of the spectrin had been de- 
~ phosphorylated, and although the argu- 
ment is far from over, the protein phos- 
< phorylation theory has undoubtedly been 
- badly savaged by this and a range of other 
arguments (Patel, V.P. & Fairbanks, G. 





J. Cell Biol. 88, 430; 1981). 

So what alternatives remain? One is 
based on the turnover of lipid phosphorus, 
originally envisaged by Michell and Allan 
(and now much discussed in relation to 
malignant transformation). To understand 
how this might operate, it should be re- 
called that echinocytosis is conceived by 
the bilayer-couple model (which is alive 
and well, despite some recent assaults) to 
result from an expansion in area of the 
outer leaflet of the lipid bilayer by no more 
than a fraction of a per cent — the math- 
ematics has been done — whereas a similar 
expansion of the inner leaflet leads to a 
kind of eversion of the cell, with the forma- 
tion of a cup-shaped stomatocyte. The 


metabolic model has now been given its 


most coherent expression by Ferrell and 
Huestis (J. Cell Biol. 98, 1991; 1984). It is 
based on the behaviour of minor mem- 
brane components, the mono- and diphos- 
phoinositides and phosphatidic acid. 
When their fuel runs out, ATP-dependent 
kinases can no longer keep these com- 
ponents phosphorylated in face of con- 
tinuing phosphatase activity, and the phos- 
phoinositides, which are probably located 
entirely in the inner leaflet, are hydrolysed 
to phosphatidylinositol. Dephosphoryla- 
tion diminishes the area occupied by the 
molecules and may also allow them to re- 
distribute between the leaflets. On both 
counts the area of the inner leaflet is 
reduced relative to the outer, At the same 
time phosphatidic acid is converted to dia- 
cylglycerol, with similar consequences. 
The estimated ensuing area imbalance of 1 
per cent or so could induce echinocytosis, 
which indeed closely accompanies the de- 
phosphorylation process. The evidence is 
circumstantial, but quite compelling. 

The distribution of the major phospho- 
lipids remains unchanged during echino- 
cytosis, and it has been surmised that it is 
stabilized by interaction of the bilayer with 
the membrane cytoskeleton. Jn vitro at 
least, spectrin will bind PS; moreover, 
when the spectrin is oxidatively cross- 
linked in situ, as Haest and Deuticke have 
shown, PS and PE rapidly appear in the 
outer leaflet. Other kinds of affront to the 
cell evidently have a similar effect, as in 
malaria, or in sickle-cell anaemia, when 
reversible sickling occurs. Most strikingly, 
when the sickling is reversed by deoxy- 
genation, the lipids forthwith return to 
their normal disposition. 

It has now been found that under the 
right circumstances extraneous phospho- 
lipids can be taken up by intact cells and 
shuffled between the leaflets in a matter of 
hours, at least in the case of PS and PE. 
This has been shown in an admirably 
wrought study by Seigneuret and Devaux 
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(Proc. natn. Acad. Sci. U.S.A. 81, 3751; 

1984), who attached spin labels to 
phospholipids at the end of one hydro- 
carbon tail. The accessibility of the label at 
the outer surface of a cell that has absorbed 
the lipid can then be assessed from the ex- 
tent to which the spin signal is annihilated 
after addition of a reducing agent to the cell 
suspension, PS and PE, it transpires, 
largely disappear into the inner leaflet 
within a few hours, whereas phos- 
phatidylcholine equilibrates much more 
slowly. The most remarkable discovery, 
however, is that the passage from the outer 
to the inner leaflet depends on the presence 
of Mg-ATP (and again a non-hydrolysable 
analogue will not do) inside the cell. The 
immediate result of incorporation of excess 
lipid into the membrane is crenation of the 
cell, as the outer leaflet expands. The 
echinocytes then spontaneously give place 
to discocytes and/or stomatocytes as the 
lipids redistribute and the imbalance 
between the leaflet areas is relieved or 
partly inverted. When there is no ATP in 
the cell, the lipids do not redistribute and 
echinocytosis persists. 

Seigneuret and Devaux infer from all this 
that the lipid asymmetry of the normal cell 
results from a continuous ATP-dependent 
transport of PS and PE from the outer to 
the inner leaflet, opposed by a slow passive 
back-diffusion against. the concentration 
gradient. This active transport, they sug- 
gest, maintains the area balance between 
the two leaflets that the geometry of the dis- 
cocyte demands. For this pleasingly simple 
model of shape control to be upheld, its 
relation to an assortment of observations, 
all indicative of an intrinsic preference of 
PS and PE for the inner leaflet, will have to 
be carefully examined. 

Recently, for example, Raval and Allan 
(Biochim. biophys, Acta 112, 192; 1984) 
have found that lipid asymmetry, at least as 
to PS, persists indefinitely in spectrin- 
containing microvesicles, shed from 
calcium-loaded red cells. Perhaps the most 
convincing evidence that PS and possibly 
PE do indeed spontaneously seek the inner 
leaflet of the red cell membrane, and are 
not merely trapped there, is to be found ina 
further study by Haest and Deuticke and 
their co-workers (Biochim. biophys. Acta 
882, 328; 1984). They show that lysophos- 
phatidylserine (which lacks one of the two 
hydrophobic tails present in the parent 
lipid and can therefore move freely 
between the leaflets) homes in on the inner 
leaflet (with a preference of 4:1 over the 
outer), whereas lysophosphatidylcholine 
has a slight preference for the outer leaflet. 

And what, for that matter, are we to 
make of the observation (Jinbu, Y. et al. 
Biochim. biaphys. Acta 773, 237; 1984), 
from no less alaboratory than that in which 
metabolic shape control of red cells was 
discovered a quarter of a century ago? 
When the cytoskeleton is cut adrift from 
the membrane by proteolysis of the 
primary retaining protein, ankyrin (which 
can be done with no visible damage to any- 








e ap ; 
at least until the membrane breaks up, 
unperturbed by metabolic depletion or a 
crenating drug. Why, what else but that the 

‘shape is after all controlled by the cyto- 
skeletal complex. And here too some re- 

_ appraisal has been called for with the dis- 

covery in the red cell of more of the protein 

components characteristic of contractile 
systems (Fowler, V.M. & Bennet, V. J. biol. 

Chem. 259, 5978; 1984). 





poverty to riches, to at least three entirely 
self-consistent explanations of how 
metabolic shape control operates. No 
matter that they are almost certainly 
mutually incompatible, perhaps even all 
wrong: they will undoubtedly inject good 
cheer and even perhaps a cautious 


optimism into toilers in the field. = 


Walter Gratzer is in the MRC Cell Biophysics 
Unit, 26-29 Drury Lane, London WC2B SRL. 





Sequencing techniques 


A close look at the genome 


from P.F.R. Little 


A recent paper! in Proceedings of the 
National Academy of Sciences U.S.A. 
from George Church and Walter Gilbert of 
Harvard University and Biogen describes a 
remarkably powerful new method, named 
genomic. sequencing, which provides us 
with the Most accurate view yet of a DNA 
sequence: ina chromosome. It can be used 
to study methylation patterns directly in 
uncloned..DNA and to analyse DNA 
sequences associated with protein in 
chromatin. 

The method combines the chemical 
DNA-sequencing procedures of Maxam 
and Gilbert? with detection of DNA 
sequences by Southern blotting’. Figure 1 
outlines the procedure by which a DNA 
molecule can be directly sequenced from 
unfractionated mouse DNA. It illustrates 
the sequencing of cytosine (C) residues but 
similar rationale and procedures are used 
for sequencing adenine (A), guanine (G) 
and thymine (T) bases. 

The first step is complete cleavage of 
total cell DNA by a restriction enzyme; 
Fig: la shows a double-stranded molecule 
generated by digestion with EcoRI. This is 
followed by partial cleavage at C residues 
by hydrazine and fractionation of single- 
strand DNA fragments on 6 per cent poly- 
acrylamide gels. The DNA is then trans- 
ferred electrophoretically to nylon 
membranes and fixed by UV irradiation, 
and. specific DNA sequences are detected 
by hybridization to a 3*P-labelled nucleic 
acid probe, as in conventional Southern 
blots. If we consider only the lower strand 
of the DNA molecule in Fig. 1a, then partial 
C cleavage will generate the single-strand 
fragments in b and c. The fragments in 
Fig.1b can be detected by hybridization 
with probe 1 and will show up on an auto- 
radiograph as a set of DNA fragments 
whose sizes correspond to the distance 
between the left-hand EcoRI site and the 
position of each C residue. The fragments 
in Fig.lc are not homologous to probe | 
and so are not detected. The concept is no 
different from using end-labelled DNA in 
more conventional sequencing exper- 
imeénts. The novel feature, of course, is that 
the hybridization step enables one set of 
fragments to be picked out from the 10° 











other EcoRI fragments in the mouse 


genome. 
In the figure, the DNA detected by probe 
i contains no C residues — a rather 


unlikely event. What is the effect of 
cleavage at C residues within the DNA 
detected by the probe? The result would be 
fragments similar to. those in Fig.1b, but 
terminating at both ends in C residues, and 
these would generate on the autoradiogram 
a second set of fragments, starting at the 
internal cleavage site. This is not a problem 
if the frequency (P) of C cleavage is small. 
Since they all terminate on the left with an 
EcoRI site, the fragments in Fig.1b will be 
generated at a frequency of P; by contrast, 
fragments terminating at a C at both ends 
will be generated at a frequency of P?. 
Thus, internal C cleavage will generate only 
small amounts of fragments and, 
consequently, a faint band pattern. Church 
and Gilbert are able to show that cleavage 











orm. R 
Not SARI E £ 
detected Cg ne 
ef c 

probe 1 E R 
(—— fk 

c R 

wa = Probe 


DNA fragments detected by genomic 
sequencing. Probe | is the DNA from the 
upper strand and is homologous to the lower 
strand. a, Double-stranded DNA molecule 
resulting from digestion of total cell DNA with 
EcoRI, Partial cleavage at C residues by 
digestion with hydrazine generates two sets of 
fragments, one of which will hybridize with 
probe | (6) and another which will not 
hybridize (c). 








optimal. The nature of probe 1 is $ 
important. If it is too big, with too man 
internal Cs, then the cumulative effect o 
the alternative sequence sets will tend 
obscure the primary set. Similarly, if 
probe is too short it will hybridize non- 
specifically and generate other fragment 
sets. Church and Gilbert indicate. tha 
probes of 100-200 nucleotides ‘work wel 

A, G and T bases are sequenced in a 
similar way and the complete sequence can 
be read directly from the hybridization 
autoradiograph. An advantage: ofthis 
method is that filters can be rehybridized, 
for example with probe 2, 3 or 4. Probes 2 
and 4 can be used to sequence the upper 
strand and probes 1 and 3 the lower. The 
procedure is remarkably sensitive: as little 
as 3 fg can be detected using highly. radio- 
active RNA probes made by SP-6 RNA 
polymerase (reviewed in ref.4) or single: 
strand DNA probes. 

Church and Gilbert have used their new 
method to study differential methylation 
of C residues round the mouse immuno- 
globulin C, gene in several expressing and 
non-expressing cell lines. This is possible 
because 5-methylcytosine is relatively 
insensitive to hydrazine cleavage, so the 
appropriate fragments are absent or under- 
represented in genomic sequences. The 
method allows the analysis ofall 
5-methylcytosine bases, not just those that. 
fall within the recognition sites of 
particular restriction enzymes, and should 
result in a much clearer understanding of 
the inverse correlation between 
methylation and gene activity. 

More importantly, perhaps, genomic 
sequencing can. be used to detect specific 
DNA sequences bound by protein. The 
protein protects the DNA against chemical 
or enzymatic attack (‘footprinting’).and a 
characteristic ‘hole’ in the sequence results 
(see. ref.5 for recent. advances). This 
method was originally developed using 
cloned DNA sequences to study lac and A 
repressor- operator and RNA polymerase= 
promoter interactions. Genomic 
sequencing can be used in a similar fashion. 
and Church, in collaboration with Anne 
Ephrussi in Tonegawa’s laboratory at 
MIT, has recently detected protein(s) inter- 
acting with the immunoglobulin enhancer 
at two distinct sites (personal communi- 
cation). 

For the future we can anticipate the use 
of non-radioactive probes and Church is 
exploring methods for rapid DNA 
sequencing. The results of more general 
application of genomic sequencing are 
awaited with much interest. E! 


1. Church, G. & Gilbert, W. Proc. natn, Acad, Sci. 81, 199%, 
(1984). 

2. Maxam, A.M, & Gilbert, W. Proc: natn. 
560 (1977), 

3. Southern, E.M. J. molec. Biol. 98, 503 (1975). 

4. Little, P.F.R. Nature 309, 191 (1984). 

5. Becker, M.M. & Wang, J.C, Nature 309, 682 (1984). 


Acad. Sei. 4, 





P.F.R. Little is at the Institute of Cance 
Research, Chester Beatty Laboratories, Fulham 
Road, London SW3 6JB. 





Physical evidence of impact 


from Richard A. F. Grieve 


Since the original reports four years ago of 
abnormal abundances of iridium and other 
siderophiles at the Cretaceous-Tertiary 
{K-T) boundary, there has been intense 
interest in the possibility that they 
‘Tepresent the geochemical signature of a 
large impact event that is causally related to 
‘Ontemporaneous mass faunal extinctions. 
Evidence of equivalent anomalies at 
oundary sites throughout the world shows 
ey are a global phenomenon. In the 
meantime, there have been detailed 
‘searches for physical evidence of large- 
scale impact at the K-T boundary. Such 
evidence is now forthcoming, which makes 
it virtually certain that such an impact did 
take place. 

Some of the physical evidence is reported 
-by Jan Smit and Frank Kyte on page 403 of 
this issue of Nature. They describe sand- 
sized microtektite-like spherules at two 

oundary sites in Italy. There are three 
ypes: sanidine-, glauconite- and 
Magnetite-bearing. Although the 
chemistry and texture of much of the 
spherule mass have changed over 
geological time, the magnetite grains in the 
spherules are believed to have retained 
their original characteristics. They are 
enriched in iridium and have approxi- 
mately chondritic abundances of other 
siderophiles. In texture, they resemble 
rapidly-crystallized high-temperature 
liquids. Smit and Kyte conclude that they 
are the result either of shock-melting of 
mafic, possibly oceanic, crustal material or 
of atmospheric melting and ablation of a 
mafic projectile. 

Spherules from the K-T boundary have 
been reported previously at Caravaca, 
Spain (Nature 292, 47; 1981), at another 
Italian site and in DSDP hole 465A in the 
central Pacific (Geology 11, 668; 1983). 
Similar occurrences in DSDP hole 577A 
from the North Pacific, reported by Kyte 

and Smit, indicate that, like the geo- 
hemical anomaly, these spherules are not 
local phenomenon. The suggestion that 

e magnetite-bearing spherules originate 
as melted oceanic crustal material is 
supported by isotopic data (Earth planet. 
Sci. Lett. 60, 155; 1982, and 64, 356; 1983) 
that identify a component of oceanic 
crustal material, considered to be impact 
fallout, in the boundary layer. 

Although the altered character of the 
boundary-layer spherules puts the 
interpretation of their impact origin in 
some doubt, there is independent physical 
evidence of impact at the K-T boundary. 
Bohor ef al. (Science 224, 867; 1984) 
recently recovered quartz grains with 
microscopic planar deformation features 

-and lowered refractive indices from the 
“boundary layer in Montana, USA. These 








features are part of a suite of features 
known collectively as shock metamorphic 
features, which are unequivocal evidence 
of impact. The orientations of the planar 
features are indicative of shock pressures 
of scale 15 GPa (150 kbar). Shocked quartz 
has now been reported from sites in New 
Mexico, in Spain and from two sites in both 
Denmark and Italy. So it seems that the 
occurrence of shocked quartz, too, is nota 
local phenomenon. 

Details of the K-T event are still open to 
interpretation, however, and the evidence 
itself raises some questions. The spherules 
and the isotopic data suggest an oceanic 
impact. On the other hand, the shocked 
quartz could be interpreted in terms of a 
continental impact. In the Montana 
section, shocked quartz constitutes only 
0.01 per cent of the boundary claystone. 
On the basis of isotopic data, there is an 
estimated 15-20 per cent terrestrial fallout 
material in the marine section at Caravaca, 
Spain. Assuming 0.01 per cent quartz for 
the boundary layer, this gives a quartz 
component of approximately 5 per cent in 
the terrestrial detritus. Perhaps the data 
can be reconciled by postulating an impact 
involving oceanic crust and a small 
component of overlying continentally- 
derived sedimentary materials. 
Alternatively, one could invoke other more 
ad hoc explanations involving a number of 
impacts and thus targets. 


K-T event has a bearing on the mechanism 








of the impact-induced extinctions. An 
Oceanic impact might induce short-term 
elevated temperatures through a 
greenhouse effect from increased water 
vapour in the atmosphere. On the other 
hand, a continental impact would conform 
more closely to the original hypothesis of 
Alvarez et al. (Science 208, 1095; 1980), 
which suggests reduced photosynthesis as a 
result of obscuration by impact ejecta dust. 

With the strong evidence of impact at the 
K-T boundary, there is an understandable 
desire to relate other mass extinction events 
to large-scale impact. The Frasnian- 
Famennian extinction event, for example, 
has been suggested as a likely candidate. A 
number of recent papers have linked the 
extinction record with periodic extra- 
terrestrial phenomena, including cometary 
showers (Nature 308, 709; 1984). If correct, 
this has far-reaching conclusions. These 
postulated links should be viewed with 
caution, however, as they are based on 
models and statistical analyses of small 
samples. They offer no geochemical or 
physical evidence of impact affecting the 
Earth on a global scale. If the K-T event 
has abundant physical evidence but still 
lacks a ‘smoking gun’ in the form of an 
impact structure of commensurate age and 
size, it is not clear whether even ‘shots have 
been fired’.at these other extinction events. 
Careful and detailed work must continue in 
searching for and investigating the 
evidence for large-scale impact in the 
biostratigraphical record. Ld 
Richard A.F. Grieve is in the Earth Physics 


Branch, Department of Energy, Mines & 
Resources, Ottawa, Canada K1A OY3. 








Astronomy 


IRAS circular 13 


The source name consists of four parts: (1) the letters ‘IRAS’ to indicate the origin; (2) the right 
ascension (RA) in hours and minutes, seconds omitted; (3) declination (Dec) in decimal degrees, 
multiplied by 10 and then truncated (i.e. +32 deg 42.3 arc min => 4327); (4) an appendix starting 
with ‘P’ and followed by the number of the circular. This appendix stresses that the data are 
preliminary, Position is given at Equinox 1950.0. Measurements were made between epochs 1983.1 
and 1983.8, am, arc min. *Source is extended at this wavelength; a point source flux is not quoted. 





Source RA Dec 

IRAS h min s deg am 
0532+098P10 0532723 +09 53.5 
0536 --026P10 05 36 14 ~02 37.6 
0919~453P13 09 19 28 -45 18.1 
0944 --478P13 09 44 51 ~47 48.0 
0945 -472P13 09 45 02 ~47 16.7 
0947 - 462P13 09 47 06 ~46 17.5 
0957 —313P13 09 57 52 ~31 18.7 
1012~286P13 10 12 24 ~28 37.4 
1O13-413P13 10 13 $3 ~41 18.4 
1021 ~ 284P13 10 21 57 28 28.5 
1029-396P13 10 29 24 -39 42.0 
1248 + 482P13 12 48 22 +48 12.3 
1252 +468P13 12 52 20 +46 48.1 
1303+419P13 13 03 34 +41 59.4 
1309 +469P13 13 09 03 +46 58.0 
1323 +435P13 13 23 04 +43 31.5 
1325 +479P13 13 25 25 +47 54.7 
2002 +320P10 20 02 38 +32 04.5 


Flux densities (Janskys) 


12m 25 pm 60pm 100 pm 
1.4 71 2,2 <4 
5.0 15.1 <10 <45 
47 38 6.0 <4 
38 46 it <4 
41 37 9.5 <3 
3.2 44 1.5 <2 
0.42 0.91 9.0 24 
<1.3* <4* 14 39 
<0.2 <0.7" 4.2 8.4 
<0.2 1.0 5.4 WA 
<0.8* <18* 7.7 18 
<0.2 0.57 5.7 9.8 
<i* <1." 5.5 18 
<0.5 <0.3 2.0 5.5 
<0.2 <0.3 3.2 72 
0.41 0.68 72 16 
<0.2 <0.2 2.0 3.3 
2.5 16 52 86 
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Intrinsic oxygen fugacity measurements on minerals from mafic rocks that cool at pressures grea: 








‘than one atmosphere indicate that the Earth’s interior is in a more reduced state than are the eruptin 
tholeiitic magmas. This review suggests that specific oxidation—reduction equilibria within magma 
and between magma and vapour can account for the characteristic oxygen fugacities of most lavas 
A model is presented to illustrate how an initially highly reduced mafic magma may oxidize by degassin 


of C-species in the conditions of the shallow crust. 





SINCE the discovery of the relationship’ between oxygen fugac- 
city (fo,) and Fe**/Fe** ratios of silicate melts, the characteriz- 
ation of fo,s of mafic magmas and their mantle source regions 
has been an important goal in igneous petrology. 

Concern for fo, originated with the recognition that fractional 
crystallization of basaltic magma under various o,s could, at 
least in principle, account for a wide spectrum of rock composi- 
tions*. Osborn’, for example, argued that members of cumulate 
sequences, such as those exemplified by the Skaergaard 
intrusion, could be related by fractional crystallization. of basal- 
tic magma in relatively reducing conditions (the Fenner trend), 
whereas melt compositions represented by the calc-alkaline 
sequence basalt-andesite~dacite-rhyolite (the Bowen trend) 
could be accounted for by fractional crystallization in oxidizing 
conditions: Thus, the polemic of how basaltic magmas typically 
differentiate seemed to be resolved. However, as both experi- 
ments** and data from natural rocks®* accumulated, it became 
apparent that mafic magmas are generally characterized by fo,s 
which are too low to influence appreciably the course of their 
differentiation or account for the genesis of caic-alkaline rocks. 

Current interest in the oxidation state stems from the strong 
influence that fo, exerts on the stability of sulphide-oxide liquids 
in silicate melts? (and thus the role it has in development of 
magmatic ore deposits) and on the stabilities of phases rich in 
the volatile elements, such as C~O-H fluid and graphite. Know- 
ledge of fluid—graphite stability is particularly relevant to our 
understanding of the mantle. Graphite may strongly enhance 
electrical conductivities, if it exists as an interconnecting phase 
on: grain boundaries'’; fluid should promote cracking'’ and 
therefore affect mass transport properties and the distributions 
of rare gases and other incompatible elements. 

The various methods available to estimate oxidation states of 
mafic magmas and their mantle source regions do not lead to 
a consistent view of the nature of the Earth’s interior. On one 
hand, fo,s of erupting basaltic lavas, whether determined by 
direct measurement®, deduced from compositions of coexisting 
gases’? or inferred from crystallized oxide minerals'*, are, with 
few. exceptions, similar to or slightly higher than fo,s of the 
synthetic equilibrium assemblage quartz—fayalite-magnetite (the 
QFM buffer) at equivalent temperatures. This similarity has led 
to the suggestion that oxidation states of lavas are determined 
by equilibria established among the various Fe-bearing con- 
densed phases within the Earth, and are not significantly influ- 
enced: by addition or subtraction of volatile-rich matter in the 
near-surface environment'*. Implicit in this view is that oxida- 
tion states of lavas accurately reflect those of their mantle source 
regions. However, intrinsic fo, measurements on phases in rocks 








that equilibrated under pressures of the shallow crust or upp 
mantle’? suggest that the Earth's interior is more reduce 
than QFM. This has led to an alternative view that reactions 
involving the vapour phase and loss of volatiles from magm: 
exert an important influence on oxidation states'?”°. Rece 
attempts to reconcile these apparently inconsistent observations 
have focused on the possibility of a mantle heterogeneous: in 
terms of its oxidation state*!*”. 

Using current conceptions of oxidation states of mafic ma; 
mas and their upper mantle source regions, | now consider wh 
quasi-QFM conditions characterize lavas and why their oxid 
tion states may, in general, differ from those of magmas an 
the mantie. It is argued that specific oxidation~reduction {redo} 
equilibria within melt and between melt and vapour have 
critical role, and a model is presented to show how magm 
which are initially highly reduced might evolve towards OFM 
conditions during degassing of C-species at shallow levels i 
the crust. 








Oxygen fugacity estimates l 
Because the redox reactions for nearly all synthetic and natur: 
mineral assemblages are strongly temperature- and to.a:less 
extent pressure-dependent, it is not possible to describe ox 
dation states by citing specific values of fo, without also specify- 
ing T and P. However, the dependencies of most solid redo 
reactions on T and P are similar. That is, stability curves. of. 
assemblages such as QFM and iron-wiistite (IW) possess nearly 
identical slopes in 1/ T versus log fo, plots (Fig. 1). Experience 
demonstrates that rocks cool along |/ T~log fo, paths which are 
approximately parallel to those of most synthetic buffer assem- 
blages.. Therefore, it is convenient to describe natural assem 
blages by reference to one of the synthetic buffers'?. However, 
although QFM is used as a convenient reference, it has no a 
priori significance as far as the Earth is concerned because: 
quartz, fayalite, and magnetite are rarely found together, `; 
There are several means of estimating fo,s of erupting basalts; 
these are summarized as follows. , 
(1) fo,s have been measured directly with electrochemical probes: - 
utilizing solid electrolytes'* and by field gas chromatography”. 
For example, in situ measurements through the crust of the 
Makaopuhi lava lake, Hawaii®, and of gases emitted during the 
eruption of Etna”? indicate that these lavas erupted in QFM-type 
conditions (that is, QFM+1 log unit in fo,). The data from 
Makaopuhi further established that lavas generally cool along. 
T-fo, paths approximated by QFM until low-temperatur: 
deuteric oxidation processes take place. 
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submarine basalt olivine and Sato and 
Valenza'® on minerals from the Lower Zone of 
the Skaergaard Intrusion and fo, estimates from 
C/CO, ratios in glass—vapour inclusions in 
phenocrysts in submarine basalt glasses. The 
oxygen buffers QFM  (3Fe,Si0,+0,% 
2Fe;0,+38i0,)°’ and IW (Fe +1/20,%sFeO) 
are shown for reference. 
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2) Many volcanic gases, when their compositions are corrected 
or atmospheric contamination, partial condensation, and/or 
eactions with collection apparatuses, approximate equilibrium 
nixtures of gas species at specific magmatic temperatures and 
fos (ref. 12). Such ‘reconstructed’ gas compositions from 
Kilauea”, Surtsey”, Erta Ale volcano, Ethiopia”, and Merapi 
volcano, Indonesia”, indicate that QFM or slightly more oxid- 
ized conditions are characteristic for all of the lavas of this 
iverse suite. In fact, the only gases found to be significantly 
more reduced than QFM were those associated with the highly 
alkalic lavas of the Nyiragongo volcano”®. 
(3) Compositions of coexisting ilmenites and titanomagnetites 
are related by unique values of temperature and fo, (ref. 29) 
-and the method has been applied extensively to mafic lavas. For 
nearly all common basaltic or andesitic bulk compositions, the 
-Fe-Ti oxide minerals do not precipitate until late in the melt 
crystallization histories. Furthermore, the oxides readily re- 
equilibrate with falling temperature and therefore typically 
record equilibria established in the range of 600-1,000°C in 
-rapidly quenched rocks. In plutonic rocks, low-temperature 
“oxidation-exsolution’® of the oxides limits their usefulness for 
‘deducing high-temperature conditions. Haggerty’s*’ compila- 
tion of analyses of coexisting oxides demonstrates that basalts 
and andesites unaffected by deuteric processes invariably exist 
under QFM-type fo,8- This conclusion remains unchanged by 
eformulations of the oxide geobarometer’': 
4) Fudali® determined experimentally that the fo,8 required to 
eproduce the Fe**/Fe** ratios observed in natural basaltic to 
ndesitic lavas are at, or slightly above, QFM. Subsequent 
xperimentation has established that melts characterized by such 
onditions will crystallize minerals having compositions similar 
6, and in the crystallization sequences of those of, natural 
ssemblages***?, 
, “Intrinsic fo, measurements on spinels from mantle lherzolites 
brought to the surface as xenoliths in alkali basalts’? imply that 
xidation states of some parts of the mantle are near IW (Fig. 
1). As pointed out by Virgo et al.'’, the validity of | atmosphere 
measurements on minerals cooled at high pressures assumes 
that pressure does not affect the oxidation states of Fe (or other 
elements) in minerals. However, even a subtle departure of a 
-mineral’s high-pressure stoichiometry from its low-pressure one 
an translate into large differences between its high- and low- 
pressure Jo s of equilibration. 
Ifthe above measurements are accepted at face value, other 
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observations indicate that the mantle must be heterogeneous in 
terms of oxidation states. First, nearly all mantle xenoliths from 
alkali basalts contain high-pressure CO,-rich fluid inclusions”. 
Such fluids are not stable in a mantle as reduced as IW. Second; 
relatively oxidizing conditions are indicated by intrinsic fo, 
measurements on ilmenite megacrysts from kimberlites**. Third, 
such conditions are also indicated by compositions of coexisting 
minerals in some peridotite xenoliths from kimberlites*!??">. 
Based on these observations, it has been argued that oxidation 
states are determined by equilibria involving graphite (or 
diamond), carbonate and silicates in at least those parts of the 
mantle sampled by kimberlites. The fo,s dictated by such assem- 
blages are only slightly below those of QFM at pressures of the 
xenolith source regions. 

One reason why a clear view of the oxidation state of the 
Earth's interior does not emerge from studies of lavas or mantle- 
derived rocks may be that fy,s of magmas are influenced by 
processes occurring in the crust. This is indicated by certain 
observations from submarine basalts and layered intrusions. On 
the one hand, intrinsic fo, measurements on early-crystallized 
minerals from stratigraphically low levels of the Skaergaard’®, 
Bushveld”, and Stillwater” complexes generally indicate that 
the fo, of the first undifferentiated magmas were near those of 
the IW buffer. These measurements are thus consistent with 
those on mantle spinels. In contrast, similar measurements on 
minerals from generally higher stratigraphical levels indicate 
more oxidized conditions, Also, magnetites are common in 
upper horizons of the layered complexes. This requires that the 
fo,8 of the late stage magmas from which they crystallized were 
at or above those of the magnetite-wiistite (MW) buffer, which 
defines the lower limit of magnetite stability. At greater than 
1,000 °C, the fo,s of this buffer are only about 1 log unit below 
those of QFM. Because the layered complexes cooled under 
moderate pressures in the shallow crust (<5 kbar), intrinsic fo, 
measurements on constituent minerals are probably ‘not bur- 
dened by the uncertainties associated with similar measurements 
on mantle minerals. In any case, the intrinsic fo, data together 
with the occurrences of magnetite indicate that the layered 
intrusions became more oxidized sometime during their crystal- 
lization histories. 

In the case of mid-ocean ridge basalts (MORB), Fe-Ti oxides 
typically have compositions that are similar to those in sub- 
aerially erupted tholeiites. For example, the oxides:in the thick | 
submarine flows encountered by DSDP Leg 53 demonstrate that . 
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Fig. 2 The oxidation state of Fe in basaltic melt, as computed 
from the calibration of Sack et al>?, and the molecular composition 
of pure C-O vapour as functions of fo, The melt. composition is 
-taken as that of DSDP glass sample 3-18-7-1 °°, which is one of 
the most primitive rocks recovered from the ocean floor. In all the 
“figures, gas compositions are computed for | kbar and 1,250°C 
. from thermodynamic data compiled by Robie et ai®*, Fugacity 
coefficients for. both pure gases and their mixtures were computed 
from a Redlich-Kwong equation of state’. 


these rocks cooled along T-fo, paths almost identical to QFM 
(Fig. 1), in agreement with similar data collected for many other 
submarine rocks’’. In addition, the Fe**/(Fe?*+ Fe**) ratios of 
submarine basalt glasses are typically in the range 0.1-0.2 (ref. 
38), which at magmatic temperatures is equivalent to fo,s near 
QFM, according to the calibration of Sack et al”. 

Other features of the submarine rocks suggest that MORB 
magmas may have been considerably more reduced before 
their eruption. Sato'* reported the intrinsic fo, of an olivine 
phenocryst separated from a tholeiitic glass recovered from the 
Submarine environment near Hawaii, and average relative 
abundances of C and CO, in vesicles of glass inclusions in 
phenocrysts from MORBs, have been estimated® to infer mag- 
matic fo,s. These data suggest that fo,s of MORB magmas are 
near IW. They are thus similar to Jo, estimates of the first magmas 
of layered intrusions and are clearly inconsistent with Jo, esti- 
mates based on Fe-Ti oxide or matrix glass compositions. 

Many glass—vapour inclusions in phenocrysts of submarine 
basalts were. entrapped by host phenocrysts in crustal magma 
chambers before substantial differentiation or degassing*', 
Sato’s olivine and the early crystallizing minerals from layered 
intrusions are also likely to have equilibrated with essentially 
undegassed magma. In contrast, by the time that magma erupts 
and quenches to glass on the ocean floor, it is almost completely 
degassed with respect to C-species. By the time Fe-Ti oxides 
appear (typically after 70-75% crystallization for tholeiitic com- 
positions) a substantial proportion of the H-species have prob- 
ably disappeared as well. Thus, undegassed magmas seem to 
be considerably more reduced than degassed ones. 


Controls on oxygen fugacity 


Various degassing mechanisms have been postulated to 
influence oxidation states of magmas. The specific effects of 
outgassing depend on the abundances of the volatile elements, 
the manner in which they are dissolved in melts, their speciation 
in the vapour, and the mass balance relations between the two 
phases. If magmas are’ generally open to volatiles—either 
because they degas or react with assimilated meteoric fuid— 
then we still need to explain why QFM conditions are so typical 
of eruption. The answer must lie in the nature of the redox- 
controlling reactions. Those that operate both in the melt and 
vapour are now: considered; 
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Fig. 3 Molecular composition of magmatic gas as a function of 
Joy The gas composition is such that Xco, + Xco + Xen, = 0.8, 
Xumo +X, = O01, and Xas + Xs, +Xgo,= 0.1. Note that such a 
gas does not remain constant in terms of its C/H or S/C as to, 
varies. The ratio of CO, to CO is not strongly influenced by the 
presence of H and S species for- C-rich gases in the specified 
conditions. The C-rich composition arbitrarily chosen here should 
approximate that of early-formed vapour associated with tholeiitic 

magmas in the crust (see text). 


The equilibrium between Fe’* and Fe’* in magmas is approxi 
mated by the relationship? 


FeO + 1/4 0, s5Fe 0, ; 


This relationship has been calibrated recently by Sack. et a 
for a wide range of silicate melt compositions. The relation: 
between fo, and the relative concentrations of Fe?* and Fe 
dissolved in a primitive MORB composition is shown in Fi 
Consider a mechanism which tends to increase a magm 
oxidation state. One such mechanism might be the continuo’ 
outward diffusion of H from magma, resulting in continue 
dissociation of H,O and increase in O concentration in the 
residual melt (m): : 


H,O0(m) > H2(m) +1/2 O(m) 


This process was first proposed by Sato and Wright® to accoun 
for certain oxidation features observed in the crusts of Hawa 
lava lakes, and it is supported by observations of H, discharge 
from active volcanic areas’®, ae 
As can be seen in Fig. 2, increasing the fo, of melt by nearly 
4 orders of magnitude from IW to QFM changes its Fe?*/(Fe?* + 
Fe?*) ratio from 0.986 to 0.912. Such an oxidation requires an 
addition of 0.0012 moles of O, per 100 moles of melt, which is 
equivalent to the dissociation of 0.07 wt % H30 for the particula 
bulk composition used in Fig. 2. However, a further increase in 
fo, of only 2 orders of magnitude (from 107745 to 107***) requires 
dissociation of an additional 0:12 wt% H,O. Re 
As fo, increases, reaction (1) exerts a progressively stronge! 
buffering influence on processes that tend to change fo,. In 
relatively reduced conditions, such as near the IW buffer, the 
relative concentrations of Fe** and Fe’* in magmas are relatively 
insensitive to even orders of magnitude changes in fo, An 
important corollary is that equilibria among the condensed 
Fe-bearing phases (such as, olivine-liquid) are not strongly 
dependent on fo, in relatively reduced systems but become more 
so in those that are as oxidized as QFM or greater. Additionally, 
this analysis should emphasize that the H diffusion mechanism 
of Sato and Wright® is potentially a very effective means of- 
modifying. oxidation states of magmas. 
Speciation within the vapour phase is strongly dependent on 
Jo, (ref. 44). This dependency is shown in Fig. 3 for a complex 
C-O-H-S magmatic gas of relatively C-rich bulk composition 
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"Fig. 4 Compositions of pure C-O vapour in equilibrium with 
graphite as a function of fo, and total pressure at 1,250 °C. The 
equilibrium is 2CO $s C+CQ,. Note that the stability field of 
graphite limits CO-rich compositions to low-pressure environ- 
ments. 


Although there is no unique magmatic gas composition, the 
-rich one chosen in Fig. 3 should be representative of the first 
'apour to separate from tholeiitic melt in the shallow crust. This 
s anticipated because C is known to be much less soluble than 
H or S in melts at low pressures. It is also consistent with the 
act that CO, is the dominant gas species associated with sub- 
arine basalts’. As Fig. 3 shows, the oxidized species (CO4, 
1,0, SO.) vastly dominate at fo,s above approximately QFM, 
ut the reduced species (CO, H-S, H,) are important at Jos 
ear IW. This general type of behaviour extends throughout the 
entire C-O-H-S system’’. It also characterizes the simpler C-O 
system, which is included on Fig. 2. Pure CO-CO, gases will 
e used as models for magmatic ones because: (1) the geological 
‘conditions for degassing in the model that follows are such that 
C-rich C-O-H-S gases are anticipated; and (2) there is essen- 
tially no difference in the relative amounts of CO, and CO in 
the C-rich complex gases and the more simple pure C-O ones. 
<x The Raman and IR spectra of synthetic C-rich silicate glasses 
uggest that C dissolves in magmas as CO” (refs. 46, 47). 
Furthermore, CO and CO, both seem to dissolve by this mechan- 
ism*’, that is, the solubility relations are essentially independent 
of the relative fugacities of CO and CO, or the oxidation state 
of the system. Therefore, assuming that the conclusions of these 
‘vibrational spectra studies are correct and that other solution 
mechanisms are of negligible importance, there are two specific 
degassing reactions that can be written for the carbon species: 


CO?"(m) > CO(v) +0?"(m) +40,(m) (3a) 
COZ (m) > CO,(v) +0% (m) (3b) 


‘eaction (3a) involving production of CO vapour (v) results in 
increased O content of the residual melt (m) and thus in an 
icrease in its oxidation state through reaction (1), whereas 
ction (36), in which CO, is produced, obviously involves no 
uch change in oxidation state. 
Consider a hypothetical reduced magma that is initially super- 
aturated in C and which degases in conditions of the shallow 
rust by a process involving a continuous and infinitesimal 
xsolution of the vapour. components from the magma—by a 
‘process that will be termed perfect fractional vaporization to 
mphasize the fact that it is analogous to the process of perfect 
fractional crystallization. The first vapour to exsolve through 
eactions (3a) and (3b) will be relatively CO-rich (Fig. 2). 
Consequently, the melt will oxidize through reaction (1), and 
succeeding vapour fractions will become progressively more 
Q,-rich until all available C is exhausted (until the system is 
no longer supersaturated). During this process fo, will increase 
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Fig.5 Possible P-fo, paths of submarine basalt magmas. Degas- 

sing in a shallow crustal chamber causes oxidation of the magma. 

The increase in fo, of a primitive tholeiitic melt (of composition 

similar to that for Fig. 2) from degassing by perfect fractional 

vaporization is shown for loss of various amounts of C expressed 

as wt% CO). The graphite—vapour curve is the same as that shown 
in Fig. 4. 


at a progressively slower rate as reaction (36) gradually replaces 
(3a) as the important degassing one and as reaction (1) con- 
sumes progressively more O. In other words, both the vapour 
and the melt begin exerting stronger buffering influences on fo, 
as fo, increases (Fig. 2). 

An important limitation of this mechanism for generating 
more oxidized conditions in the real Earth is that it can operate 
only at low pressures. This is because CO-rich vapours are not 
stable at high pressures as a result of the limitation on vapour 
compositions imposed by the field of graphite stability, as shown 
in Fig. 4. It can be seen, for example, that magmatic vapours 
consisting of more than 50% CO can only exist at pressures of 
<3 kbar. Thus, it is necessary to envisage emplacement of a 
supersaturated magma in a shallow crustal reservoir before 
substantial degassing occurs. 

This limitation means that the analogy between the degassing 
process and fractional crystallization is not precisely accurate. 
It is offered, however, as a means of conceptualizing the process 
and allowing calculation of the extent to which the melt will be 
oxidized. The analogy arises if it is assumed that degassing 
occurs sufficiently slowly for the residual magma to exsolve 
succeeding vapours of progressively more CO,-rich composi- 
tions. The degassing reactions are not reversible because they 
are driven by supersaturation of the magma in C-species, which 
results in decompression and/or crystallization, just as fractional 
crystallization is driven by supersaturation in ‘crystal’ com- 
ponents due to cooling. Note that the ‘system’ in both of these 
processes is regarded as the melt only. Thus, the bulk composi- 
tion of the system changes as vapour exsolves, regardless of 
whether the vapour remains as bubbles suspended in the melt 
or escapes from the magma chamber. If, however, vapour and 
melt remain in contact so that they are allowed to approach a 
final equilibrium state, that final state is the same regardless of 
how rapidly degassing proceeds or what path it assumes. 

Reactions (3a) and (36) along with the relations plotted in 
Fig. 2 allow the extent of oxidation attendant on degassing to 
be computed according to the perfect fractional vaporization 
mechanism. From assumed initial values of fo, and C contents 
of a given melt composition, this can be done by determining 
from the calibration of Sack et al? the amount of O required 
to change the fo, of the melt by a chosen small increment, by 
computing the amount of CO3” that must be degassed according 
to reactions (3a) and (3b) to supply the required O, and then 
by repeating the entire calculation for subsequent fo, increments 









ntil all C is consumed by degassing. A geological situation in 
which this degassing mechanism might reasonably be 
approached remains to be considered. 








Application to submarine basalts 


Consider a primitive submarine tholeiitic magma emplaced in 
a shallow chamber at | kbar beneath a spreading centre. The 
presence of such chambers at pressures of <3 kbar in the oceanic 
crust is indicated by geophysical data**, Magma temperature is 
assumed to be 1,250°C and its fo,, to be consistent with the 
data for undegassed submarine basalts and other crustal melts 
(Fig. 1), is taken to be three orders of magnitude below that of 
QFM in equivalent conditions (107'°* or approximately 1 log 
unit above IW) (Fig. 5). The manner in which the magma arrived 
at these conditions is unimportant. For example, it may have 
originated from a highly reduced mantle source at 10-12 kbar 
and followed a P-fo, path to the crust approximately parallel 
to QFM. This simply implies that fo,s are dictated by reactions 
involving the major silicate crystalline phases and that graphite 
rather than fluid is the major C-bearing phase in the sub-oceanic 
mantle. Such a highly reduced mantle is also consistent with 
some of the intrinsic fo, measurements on mantle rocks, as noted 
previously. Alternatively, it may have evolved along a P-fo, 

path defined by equilibrium between graphite and vapour, as 
i ipiested by Sato'”, in which case the source region would have 
-been more ‘oxidized (Fig. 5). In either case, it is important that 
the magma arrive.in the shallow crust in a supersaturated state. 

The solubility of C in tholeiitic melt at high pressure is poorly 
known. Based on Spera and Bergman's” analysis of available 
experimental data and following later work*ć, tholeiitic magmas 
generated at 10-12 kbar might be expected to contain perhaps 
§00-1,500 p.p.m. dissolved C. However, Pineau and Javoy™ 
have estimated from isotopic data that C abundances in 
undegassed MORB magmas are typically in the range 2,000- 
10,000 p.p.m. 

Fortunately, precise knowledge of initial C abundances is not 
particularly critical to the oxidation model because of the shapes 
of the curves in Fig. 2. Thus, a magma that originally contains 
only 0.20 wt% C as CO, (546p.p.m. C) and loses all C by 
degassing in the conditions specified above will oxidize such 
that. fo, increases from 107'°° to 107°. One which originally 
contained 0.40 wt% CO, would oxidize from an fo, of 107'°° 
to 10785, Further oxidation of this magma to an fo, of 107*° 
would require an additional 0.39 wt% CO, (see Fig. 5). 

Solubilities of S and H in mafic melts are large compared 
with that of C. Hence, a large proportion of the original amounts 
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quenching at pressures of the ocean floor’', while the associat 
gases are CO,-rich***, In contrast, S and H almost completel 
degas from lavas that erupt at | atmosphere, and even in sub: 
marine basalts H should exsolve from lavas that crystalliz 
anhydrous phases rather than quench to glasses. In the case. 
H, degassing should not significantly influence magmatic oxid 
tion states because H dissolves in melts as H,O and OH (ref: 
52, 53) and H,O is the dominant H species in moderately 
oxidized C-O-H-S gases“. (This neglects the H diffusior 
mechanism of Sato and Wright’, which may be important bu 
which is not strictly a degassing process.) In contrast, the specific 
effect of degassing of S-species on oxidation state is ‘not eas 
predicted. This is because the manner in which S dissolves 
melts is itself strongly. dependent on fo, (refs 54, 55), solubili 
mechanisms are probably not completely understood ( 
example, H,S may be an important dissolved species in som 
melts) and speciation of S in C-O-H-S gases is more: comp 
cated than for C or H. The gas composition plotted on Fig 
was chosen in part to illustrate this problem. Speculation o 
the influence of S degassing is, therefore, not appropriate at thi 
point. : 


Conclusion 


Figure 5 shows that the fo,s of tholeiitic magmas can be elevat 
to those approaching QFM only if CO, contents are of the 
of 1%. Whether or not such compositions exist in the Earth, 
the kinetics of vapour exsolution are such that supersaturat 
melts can reach shallow crustal levels, should be matters: 
future debate. This model simply shows that by choice o 
reasonable and not unlikely set of geological circumstances 
degassing of C- -species alone may influence magmatic. fos 
primary magmas-are as reduced as many of the intrinsic fo 
measurements would suggest. If this is, in fact, the case, the 
it is not possible to deduce oxidation states of magmas or thei 
mantle source regions from compositions of volcanic gases o 
coexisting Fe~Ti oxides in lavas. Rather than being indicat 
of conditions in the Earth’s interior, that lavas generally erup 
in approximately QFM-type conditions may reflect the-stron 
buffering influence that equilibrium between Fe’* and Fet ti 
silicate melts exerts on fo, at fo,5 near QFM. 
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The 3-A structure of DNA-binding protein II, which exhibits histone-like properties in bacteria, has been determined. The 
jolecule is dimeric and appears to bind to the phosphate backbone of DNA through two symmetry-related arms. A 
echanism by which the protein induces DNA supercoiling is proposed. 





Ip is recognized that the enormously long DNA molecules of 
the genome must be compactly folded in a manner which allows 
‘their accommodation within the cell without hindering their 
accessibility. In eukaryotes, the DNA interacts with the histone 
proteins’ to form a tightly packed superstructure known as 
chromatin. At the first level of organization, the histones form 
‘a so-called core particle around which the DNA is coiled. The 
core particles pack together at higher levels of organization, 
ultimately leading to the formation of the chromosome’. The 
tucture of the complete core particle is currently under investi- 
ation’. However, no structure is available for any of the histone 
roteins, although crystals of the histone core have been iso- 
ated”. 
In prokaryotes, although the genome is much smaller, it is 
clear that in both eukaryotes and prokaryotes there is DNA 
packaging. Following the gentle lysis of Escherichia coli cells, 
chromosomes can be isolated in a folded and supercoiled confor- 
mation’ and these have been visualized in the electron micro- 
‘scope’. In addition, several DNA-binding proteins have been 
entified’ for which a histone-like role has been proposed. One 
f these proteins, which according to a recent nomenclature 
stem’ we shall refer to as DNA-binding protein II, exhibits 
ear histone-like properties. This small basic protein of 
olecular weight 9,500 has been shown to induce the formation 
f bead-like structures along double-stranded DNA in a manner 
similar to the histones®. It binds nonspecifically to both single- 
stranded and double-stranded DNA as well as to RNA”, and 
‘has been found in a variety of organisms including archaebac- 
teria'™'®, The available sequence information shows it to be 
highly conserved'*'*'°. In E. coli there are two subspecies of 
the protein which have been referred to variously as NSI and 
NS2 (ref. 20) or HUa and HUB (ref. 21). However, in all the 
ther organisms studied, only one species has been detected. 
An analysis of the proteins associated with E. coli chromosomes 
‘revealed two major species with approximate molecular weights 
£17,000 and 9,000 (ref. 22). The latter displayed electrophoretic 
roperties similar to those of DNA-binding protein If and it 
‘as. subsequently confirmed**** that, in vivo, the protein is 
associated with the genomic DNA. It has been estimated’ that 
ere is sufficient DNA-binding protein II to cover approxi- 
lately 10%, of the chromosomal DNA. Therefore, the 17,000 
iolecular weight protein (which is probably protein H1)** and 
ossibly others? are likely to be necessary for the formation of 
€ complete chromosome. 
We have previously reported the isolation and crystallization 
of DNA-binding protein H from Bacillus stearothermophilus'* 
nd a low resolution. analysis of the structure*®. We present here 
the molecular structure of the protein at a resolution of 3 A. 
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A mode of DNA binding can be readily deduced from the 
structure, which. is quite different from that proposed for the 
regulatory DNA-binding proteins that have been studied crystal- 
lographically*”’’. In addition, the general architecture of the 
molecule suggests how it might self-associate to form a 
chromatin-like core particle. Although DNA-binding protein II 
has no obvious sequence homology to any of the histone pro- 
teins, our results may well prove to be relevant to the eukaryotic 
system. 


Structure determination 


The crystallization conditions, heavy atom derivative prepar- 
ation and method of data collection have been described pre- 
viously“, The crystals are in the space group P2, with cell 
dimensions a = 65.5 A, b=37.3 A, c=65.5A and B= 114.5°. 
The 6-A electron density map calculated with single isomor- 
phous phases (K,UO,F;) revealed three dimers of DNA-binding 
protein H in the unit cell located on independent crystallo- 
graphic 2-fold rotation axes. In the derivative, there is one 
uranyl-binding site per asymmetric unit located between two of 
the dimers. 

Data were collected to 3 A for both the native and derivative 
crystals and, after refinement of the heavy atom parameters, 
single isomorphous phases were calculated. The resulting 3-A 
map showed that each of the three dimers in the unit cell was 
essentially identical at this resolution (Fig. 1). Therefore, it was 
possible to average the three electron densities to improve the 
image of the molecule. As the three dimers are on crystallo- 
graphic 2-fold axes, there are only two parameters which relate 
any pair—a shift parameter along the y-axis and a rotational 
parameter around this axis. These were refined to obtain a 
maximum overlap between the three electron densities. An 
averaged electron density was then calculated and placed at 
each of the three original locations in the unit cell. The new 
‘averaged’ unit cell was Fourier transformed and the resulting 
phases were used with the observed amplitudes to calculate a 
new map (Fig. 1). Each of the three new images was of compar- 
able quality and the path of the polypeptide backbone could 
be traced, apart from the extremity of an arm which. extends 
away from the molecule and for which the density is very weak. 

A model was built on an Evans and Sutherland PS300 picture 
system using the FRODO package of programs. It was possible 
to fit all the amino acid sequence’? except for residues 59-70, 
which correspond to the poorly defined arm region. To check 
that the three independent dimers have no important conforma- 
tional differences, the final model was fitted into the non- 
averaged map. No significant differences were apparent at this 
resolution. 


Structure of the monomer 


The monomer structure (Fig. 2) has two distinct halves. The 
N-terminal half consists of two a-helices (al, residues 3—13; 
a2, residues 21-37) which are connected by a broad turn 
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Fig. 1 Electron density maps of DNA-binding protein H. A, 3-A 
single isomorphous replacement map showing the three indepen- 
“dent dimers (A, B, C) in the unit cell. The complete cell is superim- 
posed in the y direction (b-axis unique). The uranyl heavy atom 
site (U) is located between molecules B and C and refined to an 
R-factor of 48.6% (acentri¢). The average figure of merit is 66%. 
`B, The density. averaging for DNA-binding protein H. a, band c 
“are the three independent electron densities and d is the average. 
_ The map sections show a 6-A slab of density in the region of the 
B-pleated sheet.and the flanking C-terminal helices. 


(residues 14-20) to create a V-shaped supersecondary structure. 
The contact between the helices at the base of the V 1s mediated 
by two conserved alanine residues at positions 11 and 21 (Fig. 
3).. The C-terminal half consists mainly of a three-stranded 
antiparallel B-pleated sheet (strand 1, residues 40-44; strand 2, 
residues 48-51; strand 3, residues 78-83) which spans the top 
of the V formed by the two helices. Strands 1 and 2 are linked 
bya sharp. turn which is highly conserved, particularly the 
Gly-Phe-Gly sequence between residues 46 and 48 (Fig. 3). 
However, strands 2 and 3 are connected through an extended 
carm region. The molecule ends in a short a-helix (a3, residues 
84-89). The two halves of the structure are connected by a 
B-turn between a2 and strand 1 which has a highly conserved 
glycine (residue 39, see Fig. 3). 

“The segment of the arm proximal to the main body of the 
protein has a clear two-strand antiparallel 8 conformation (a 
so-called B-ribbon) but we are unable to describe the structure 
of the distal segment. However, we suggest a possible conforma- 
tion based on an inspection of the sequence and its conservation 
in this region (see Fig. 3). The totally conserved proline at 
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a Fig. 2. The structure of the monomer of DNA-binding protein H. a, A stereo view of the C° backbone. The residues in the distal region of: 
the arm between strands 2 and 3 (59-70) are not visible in the electron density map and are not shown. b, A schematic representation of the 
se secondary structure. 
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AO IS, 
position 63 is ideally placed to occupy position 2 of a B- 
at the end of the arm. The ‘outgoing’ strand would then contai 
11 residues and the ‘return’ strand 13. By incorporating ty 
B-bulges or their equivalent, the -ribbon structure could b 
continued to the end of the arm. The highly conserved prol 

at position 72 may be the site of one of the B-bulges. Thi 
proposed arm conformation has certain attractive. feature 
connection with the possible protein-DNA-binding mecha 
which is discussed later. i 


Structure of the dimer 


Two monomers literally wrap around each other to. produce 
novel dimeric structure (Fig. 4). The base of the molecule 
formed by the two V-shaped helical supersecondary structure: 
which pack such that the two a2 helices are in contact roughl 
at right angles and the two al helices are on either side. T 

conserved alanine residue at position 24 (Fig. 3) marks th 
a2~a2 contact. This base is covered by the two three-stranded 
sheets which, due to the distance between the two strands 3 at 
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Fig. 3 Amino acid sequence data for DNA-binding protein I using the one-letter code. The abbreviations for each are as follows: B. sta 
< Bacillus stearothermophilus; E. ¢.1, Escherichia coli NS\ (HUa); E.c.2, E. coli NS2 (HUB): C.p., Clostridium pasteurianum: R.m., Rhizobium 
meliloti; P.a., Pseudomonas aeruginosa ; T.a., Thermoplasma acidophilum. All homologies are with respect to the B. stearothermophilus sequence. 


.. Identical amino acids are underlined and written in large capitals. The distribution of secondary structure has been deduced from our electron 















ne unfavourable orientation of the N~H and the C=O bonds, 
emain separate and do not form a six-stranded sheet. The two 
x3 helices are disposed on either side of the sheet region and 
he two arms peel off from this tightly packed body. 
-The dimer has the hydrophobic interior and hydrophilic sur- 
ace typical of soluble proteins. The amino acids responsible 
or the hydrophobic core and therefore the dimer stability are 
ighly conserved. The most important are the four phenyl- 
alanine residues (29, 47, 50 and 79), leucine 6, isoleucine 32, 
eucine 36 and leucine 44 (see Fig. 3). NMR studies have 
ndicated the hydrophobic interactions of the phenylalanines”’. 
“Hydrodynamic studies have suggested that the protein exists 
n solution either as a tetramer or an elongated dimer? 200, 
Without prior knowledge of the unusual shape of the dimer 
ith its two extended arms, it would be impossible to interpret 
_correctly the results from such experiments.. We believe that the 
extensive monomer-monomer contacts, in particular the hydro- 
hobic interactions at the core, clearly point to the dimer as the 
fundamental unit of the protein. It is also possible that the dimer 
is in equilibrium with forms of higher aggregation, as suggested 


density map. 


by cross-linking experiments”"*", but there are no dimer—dimer 


contacts in the crystal suggestive of a possible higher-order 
structure. 


Protein—-DNA interaction 


The visible parts of the arms together with the two symmetry- 
related strands 3 between them create a concave surface on the 
dimer which is exactly complementary to the right-handed 
double helix of B-DNA. This helical depression has a diameter 
of ~25 A and this indicates that the protein interacts electrostati- 
cally with the DNA via the sugar—phosphate backbone. Indepen- 
dent data support this general model. First, the amino acid 
sequence in the arm is highly conserved (Fig. 3), which indicates 
that it has a vital functional role. Second, the arm contains four 
of the five arginines in the molecule and NMR studies on the 
oligonucleotide binding have suggested that arginines are invol- 
ved in the binding mechanism’’*’. Third, the protein binds 
double-stranded DNA nonspecifically and can also bind, albeit 
less strongly, RNA” and a whole range of single- and double- 


stranded oligonucleotides'’*. Thus, it is the sugar-phosphate s 
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backbone that appears to be important for the interaction. 
Finally, as: would be expected for a simple electrostatic mechan- 
ism, all binding is totally inhibited by high salt concentrations®. 

We have attempted to study the binding directly using various 
oligonucleotides in crystal soaking and co-crystallization experi- 
ments. These have so far been unsuccessful and a possible reason 
for this is that the major dimer-dimer contact in the crystal 
involves the helical base of one molecule occupying the pro- 
posed DNA-binding region of the molecule below. Therefore, 
in the former experiments the site would be blocked and in the 
latter a major interaction responsible for possible crystal forma- 
tion would not be available. We therefore used model building 
on the computer graphics to study the proposed DNA-binding 
mechanism. 

Using the protein coordinates and a standard set of coordin- 
ates for the B form of the DNA double helix®’, we investigated 
how the rigid molecules might dock together. In common with 
previous similar studies”, we recognized the importance 
of first aligning the protein 2-fold axis with the pseudo-2-fold 
axis:of the DNA perpendicular to the helix axis. On one side 
of the helix this axis bisects the minor groove and onthe opposite 
side the same axis bisects the major groove. Depending on the 
side-at which the protein has access to the DNA, two distinct 
models for the interaction are obtained. In the first, the arms 
follow the path of the minor groove and in the second they 
follow the major groove. Both possibilities were optimized by 
rotating and translating the protein relative to the DNA until 
good van der Waals contacts were made. _ 

Although the position of the DNA-binding arms has been 
clearly defined, the distinction between the two models is very 
small, and a definite choice is not yet possible. In both, the long 
flexible arginines would be able to interact with phosphates of 
the DNA backbone, and the natural twist of the B-ribbon, 
together with the B-bulges, would bend the arm in the direction 
of the DNA helical path. Also, the arms are of the correct length 
to enable one dimer to cover one turn of the DNA double helix. 
This is important when we consider how the molecule might 
induce a supercoiling of the DNA (see below). Figures 5 and 
6 show the model with the arms following the major groove, 
but this is a purely arbitrary choice. 

Jt has been noted** that an antiparallel @-ribbon has the 
correct dimensions to fit into the minor groove of B-DNA and 
interact with the antiparallel sugar-phosphate strands. However, 
we consider such a mechanism unlikely in this case for two 
reasons. First, the diameter of the binding site is relatively large 
and this argues against an intimate contact between the arms 
and the minor groove. Second, reference to Fig. 3 shows a 


Fig. 4 Structure of the dimer of DNA-binding protein I. a, A stereo view of the C* backbone together with its putative interaction with 
DNA. The distal regions of the arms which are proposed to wrap around the DNA are missing because they are not visible in the electron 
density map. The phenylalanine side chains which are important for the stabilization of the dimer in the core of the molecule are shown. 
b, A schematic representation of the secondary structure. For clarity, each monomer is shaded differently. : 





definite asymmetry between the two strands of the proposec 
8-ribbon arm structure. The outgoing strand (residues 52+63) 
not only contains all the arginines in the arm, but is also mo 
highly conserved than the return strand (residues 64-77). It 
therefore likely that the outgoing strand is more important. 

the interaction with DNA. í 


DNA supercoiling 


It has been reported that purified DNA-binding protein I Kas 
the ability to form an average of 14 bead-like objects alon 
relaxed, circular simian virus 40 DNA in the presence of 
nicking-closing enzyme". During this process, an equivale 
number of (negative) superhelical turns are introduced into the 
DNA. Therefore we conclude that, like the eukaryotic: co 
particle, the beads represent a winding of the DNA around a 
protein core. However, although there. is evidence that the pro- 
tein can self-associate in solution to form higher aggregates (see 
above), no chromatin-like core particles have been detected in 
the absence of DNA. In contrast, the histone proteins.do have 
this ability'. Therefore, the DNA-protein complex that we have 
proposed should exhibit features indicative of a mechanism for 
self-association into a superhelical structure. 

One such feature is very obvious and concerns the general 
shape of the protein. When the complex is viewed normal to 
both the DNA axis and the common 2-fold axis (Figs 5, 6), the 
bound protein is strikingly wedge-shaped and therefore we 
adapted to form part of a circular assembly. Given our observ: 
tion that one dimer can cover one turn of the DNA helix, one 
can visualize the type of mechanism illustrated in Fig. 6. The 
important point is that several dimers bound adjacently along 
the helix would be ideally oriented to close into a helical array 
with the DNA bound on the outside. The helicity would result 
from the ways in which the dimers make contacts with one 
another. 

As with the DNA-binding mechanism, there is evidence fi 
this supercoiling model in the protein sequence. Apart from 
those regions which we believe to be important in DNA binding 
and in the maintenance of the general structure, three other. 
regions are almost totally conserved. These are the N-terminus. 
(residues 1-3), the a3. helix (residues 84-89) and the region 
including the putative turn at the end of the arm (residues 
60-65). All three can be reasonably explained by the model. 
The dimer—dimer interaction shown in Fig. 6 would bring the . 
a3 helix of one into close contact with the N-terminus of 
the next. Indeed, there is a pocket in the molecule adjacent to 
the N-terminus and directly above strands | and 2 into which 
the helix could conceivably fit: An explanation for the third 

































































Fig. 5 A stereo view of the proposed interaction between DNA- 
binding protein IT and the double helix of B-DNA. For clarity, 
< only the C% backbones of each molecule are shown together with 
the phenylalanine residues at the core of the protein. The arms 
which follow the DNA major groove are not complete because the 
distal regions are not visible in the electron density map. An 
alternative interaction in which the arms follow the minor groove 
is equally valid (see text). 


region is readily apparent from Fig. 6, where it can be seen that 
the arms from adjacent dimers make intimate contact behind 
the DNA helix. Such an interaction between the arms would 
aake the complex considerably more stable. 

Estimates concerning the size and protein/DNA stoichio- 
‘metry within the beads vary considerably. Rouviére- Yaniv and 
co-workers? have measured an average diameter of 180 A and 
‘a protein-DNA content of 8-10 dimers and 275 base pairs. 
Searcy and Stein® estimate a diameter of 50-60 A and suggest 
‘a model containing 4 protein molecules and 40 base pairs. Our 
-proposal would generate an object containing approximately 
8-10 dimers and therefore 80-100 base pairs per turn, with a 
diameter of ~140 A. This is close to the superhelical parameters 
of DNA in the eukaryotic core particle’. Note that in Fig. 6, for 
‘reasons of clarity, the DNA is not supercoiled to this extent and 
the dimers can make a closer contact than is apparent from the 
diagram. 

<: Considering the hydrophilic nature of the protein exterior, 
the probable nature of the dimer—dimer binding is electrostatic 
and the distribution of the charged residues does appear to 
divide the surface in question into positive and negative halves 
to facilitate this. Also, our model of supercoiling requires that 
the dimer—dimer interaction be weaker than that of the dimer 
to DNA to allow the latter to complex first. It is therefore 
interesting that at intermediate salt concentrations the protein 
can bind to DNA while being unable to induce supercoiling’. 


Discussion 

The structures of three genome regulatory proteins have recently 
een determined, and they seem to have a common sequence- 
pecific DNA-binding mechanism”*: cro (ref. 27) and the DNA- 
inding domains of catabolite gene activator protein (CAP)** 
iid A repressor” each have a pair of symmetry-related helices 
a3 in cro and à repressor and aF in CAP) which are oriented 
o as to fit into successive major grooves of the B-DNA. Also, 
the helical units a2~a3 in cro and A repressor and aE-aF in 
CAP are remarkably similar in structure and, to a lesser extent, 
n their amino acid sequences and this is thought to indicate 
he central functional role of the unit in this type of protein®®. 
Clearly, such a DNA-binding mechanism is quite different 
‘from that which we have proposed for our structure. However, 
when one recognizes the fundamental difference between these 
proteins and DNA-binding protein H, the need for two types 
of- mechanism can be rationalized. The former requires 4 
~sequence-specific DNA-binding mechanism and uses a more 
intimate. protein-DNA contact in order to ‘read’ the sequence 
of base pairs. The latter requires a non-specific mechanism and 
therefore uses the invariant sugar-phosphate backbone. There 





Fig. 6 The proposal for how DNA-binding protein H induces a 
supercoiling of the DNA. This is merely a diagrammatic representa- 
tion and does not reflect a detailed structural analysis. The confor- 
mations of the distal regions of the arms are included in the 
diagram. These parts of the protein are not visible in the electron 
density map and the structures are based on an analysis of the 
amino acid sequence. The important interactions are labelled. 
a, Contact between the ends of the arms of adjacent molecules; 
hb, contact between the C-terminal helix (a@-3) and the N-terminus 4 
of adjacent molecules; c, electrostatic interactions between the 
wedge-shaped molecules. It is estimated that 8-10 protein dimers 
and 80-100 base pairs would generate | turn of the DNA supercoil. 
The DNA is not supercoiled here to this extent to avoid a confusing 
superimposition of the protein dimers. 


is evidence that.cro, CAP, A repressor and genome regulatory 
proteins in general use nonspecific DNA binding in a facilitated 
transfer process which enables them to reach their target sites 
more quickly”. This binding also seems to involve the sugar- 
phosphate backbone of the DNA”. 

More difficult to rationalize is an apparent structural similarity 
between the al-turn—a2 region of our protein and the two- 
helical units of cro, CAP and A repressor which are considered 
central to their function. A preliminary comparison with cro” ~ 
revealed that the correspondence is similar to that which exists 
between cro and Arepressor” and cro and CAP“'. The particular 
arrangement of these helical units about the 2-fold axis which 
makes them such obvious candidates for the site of DNA binding 
in the regulatory proteins is not present in our structure and a 
functional equivalence is, therefore, not likely. However, it is 
interesting that no other known protein structure contains a 
similar unit®®, and we intend to undertake more detailed com- 
parisons of the structures and sequences. 

Two other proteins, prealbumin®’ and gene 5 DNA-binding 
protein**, have regions similar to that which we have described. 
Both contain arm structures and a connecting sheet region which 
are thought to interact with DNA. However, prealbumin has 
never been shown to bind DNA and gene 5 protein binds 
single-stranded DNA. 

Functionally, DNA-binding protein I is most closely related 
to the histone proteins and more specifically to H3 and H4: 
these are rich in arginine residues and there is evidence that 
they are the first to bind DNA in the core particle formation”. 
When the structures of these proteins do become available, it, . 









Signs of an evolutionary relationship which are not immediately 
_ apparent from the amino acid sequence. 
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Tertiary structure refinement at 1.7 A resolution of the liganded form of t-arabinose-binding protein from Escherichia coli 
has revealed a novel binding site geometry which accommodates both a- and B-anomers. of L-arabinose. This detailed 
structure analysis provides new understanding of protein—sugar interaction, the process by which the binding protein 
minimizes the difference in the stability of the two bound sugar anomers, and the roles of periplasmic binding proteins in 


active transport. 











THE modes of binding of ligands have a profound and specific 
influence over the structure and function of proteins. In order 
to establish the details and obtain definitive conclusions con- 
cerning protein—ligand interactions it is essential that an accurate 
and unbiased description of the molecular geometry is deter- 
mined at high resolution by crystallographic refinement 
methods. We have recently used the restrained least-squares 
method of Konnert and Hendrickson’ to refine extensively the 
structure of the liganded form of the L-arabinose-binding protein 
(ABP) at 1.7 A resolution. Here we focus on the most important 
finding of our study: the unique molecular architecture of the 
binding site which provides identical binding properties for both 
a and B anomers of L-arabinose. Moreover, several features of 
the complex are relevant to a general understanding of ligand- 
protein interaction. 

L-Arabinose-binding protein is a member of a family of pro- 
teins found in the periplasm of Gram-negative bacteria. These 
proteins are essential components of osmotic shock-sensitive 
active transport systems for a large variety of carbohydrates, 
amino acids and ions’. Furthermore, several of the sugar- 
binding proteins serve as receptors in bacterial chemotaxis’. 
Protein components residing in the cytoplasmic membrane are 
also required for both cellular processes**. 



















Like all periplasmic binding proteins, ABP consists of a single 
polypeptide chain with one high-affinity binding site. In addition 
to ABP from Escherichia coli, we have recently determined the 
molecular structures of the sulphate-binding protein from Sal- 
monella typhimurium“, and leucine, isoleucine, valine-bindin 
protein’ and p-galactose-binding protein” from E. coli. Despite 
the lack of significant sequence homology, these proteins hav 
a high degree of structural similarity. They are elongated and 
composed of two globular domains connected by three separate 
polypeptide segments; each domain contains a central B-pleated 
sheet sandwiched between helices. These structural features are 
also found in the S. typhimurium p-galactose-binding protein’. 
Moreover, all these proteins have a common ligand binding site 
located in the cleft between the two domains®!° 


Refinement and assessment of structure 


Purified ABP contains one molecule of tightly bound 

L-arabinose'*'', The amino acid sequence indicates a molecular 
weight of 33,170 for 306 residues’. Single crystals of ABP, which 
diffract to better than 1.7 A resolution, belong to the space group 
P2,2,2, with unit cell dimensions a = 55.46 A, b = 71.82 , CH 
7784 A 
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Fig. 1 a, Superimposed difference electron density maps of the a- and B-L-arabinose bound to ABP. The density and refined model of the 
a-anomer are shown in blue and the 6-anomer is shown in purple. Coincidence of both sugar densities (or both colours) appears as white. 
The a-OH is labelled O(1)A and the B-OH labelled O(1)B. The difference map of one anomer is independently computed from a conventional 
(|F |- |F], a.) residual map in which the calculated contribution of the same anomer at 50% occupancy is omitted from F.. Superimposed 
maps of both anomers were then displayed on the graphic system. The electron density surface (grid spacing 0.25 A) is 0.16 electrons AS, 
approximately three times the standard deviation of the final difference map. Note that the density of all the hydroxyls in both anomers are 
comparable, an indication that each anomer refined to about half occupancy, The separation of the two sugar positions is better shown in b. 
b, The same as a except that the sugar density and model have been oriented differently and ‘clipped’ in the ‘front’ in order to show more 
clearly the separation between the two sugar positions and the accurate fit of the refined sugar model to the corresponding density, The term 
‘front’ refers to the stereo direction, towards the reader. 


Fig. 2. a, The refined molecular model (purple) of the ligand site of ABP with bound a- or B-L-arabinose superimposed on the electron 
density contour surfaces (blue). The map was calculated with coefficient 2|F,|—|F,| and calculated phases. The density surfaces (grid-spacing 
0.40 A) were contoured at | electron A~*, 1.16 times the estimated standard deviation of the electron density map. In this map, both anomeric 
hydroxy! densities have equal peak heights but only half of the other unresolved sugar hydroxyls. The hydrogen bonds (indicated by green 
dashed lines) to the sugars are: Asp 90 to either O(1) anomeric hydroxyl, Lys 10 to O(2), Glu 14 and Asn 205 to O(3), Asn 232 to O(3) and 
O(4), Arg 151 to O(4) and O(5) ring oxygen, Wat 309 to O(2), and Wat 310 to O(5). See text for further descriptions of the hydrogen-bond 
networks. b, Identical to a, but with electron density surface removed to show more clearly the hydrogen-bonding system formed between the 
sugars and side-chain residues. Including the three hydrogen bonds, O(3) is tetrahedrally coordinated. Asn 232 ODI and ND2, O(3) and O(4) 
form a plane with an average deviation of 0.04 A. Likewise, NH2 and NHI of Arg 151, O(4) and the sugar ring oxygen O(5) form a plane 
(average deviation 0.02 A). The six amino acid residues hydrogen-bonded to the sugars are equally divided between the two domains; the 
N-terminal domain supplies Lys 10, Glu 14 and Asp 90, whereas the C-terminal domain provides Arg 151, Asn 205 and Asn 232. 


With starting atomic coordinates obtained from the 2.4-A 
multiple isomorphous replacement (MIR) map, ABP was 
refined in stages of resolution—1.9, 1.85, 1.75 and finally 1.7 A. 
Discrepancies between electron density maps and superposed 
refined coordinates were manually minimized using FRODO”, 
extensively modified for an Evans and Sutherland PS 300 
graphics system'*. Table | summarizes specific conditions for 
refining the bound sugars. The final R-factor was 0.137 for 
26,634 reflections, with intensities exceeding 30 from 8.0 to 
1.7 A resolution. 

Pertinent refinement statistics are shown in Table |. Because 
the binding site region has one of the lowest average isotropic 
B-factor and r.m.s. coordinate shifts, the accuracy of the coor- 
dinates of this region is considerably better than the overall 
estimate indicated in Table 1. A more detailed presentation of 
the refinement and a complete description of the entire refined 
protein structure, including solvent molecules, will be presented 
elsewhere (N.K.V. and F.A.Q., manuscript in preparation). 


Stereospecificity of the binding site 


An L-arabinopyranose model, in the C/ full-chair conformation, 
was initially fitted to the electron density of the bound sugar in 


Fig. 3 Proximity of Trp 16 and 
Phe 17 of ABP to a hydrophobic 
patch in the bound L-arabinose. This 
stereo pair shows the molecular sur- 
face as dots and the stick model of 
the refined two sugars and side 
chains. The individual van der 
Waals’ radii used were: C=1.7A, 
N=1.6A, O=1.5A. Coloured dots 
correspond to the following atoms: 
C, green; N, blue; O, red. 


the 2.4-A resolution map calculated from MIR phases’®. At this 
resolution only the B-anomeric form of the sugar was fitted and 
the presence of the a-anomer could not be established. However, 
stopped-flow rapid kinetic measurements in solution indicated 
that ABP, as well as two other sugar-binding proteins, binds 
both sugar anomers reversibly with the same affinity and at 
equal rates'*’'®. Refinement of the structure has now conclusively 
shown that either a- or B-L-arabinose can be bound in the same 
site. This analysis has further revealed a novel protein site 
geometry for binding both sugar anomers. 

Superimposed difference Fourier maps (Fig. 1) demonstrate 
that the density of individual L-arabinose anomers is well defined 
and clearly differentiated, and that both sugar models fitted their 
respective density extremely well. The structures of both bound 
sugars refined to the standard C7 full-chair conformation com- 
monly observed in crystal structures of simple monopyranosides. 
This work represents the first determination of the structure of 
a-L-arabinose. 

The atoms common to both anomers are not all identically 
positioned within the binding site. The positions of C-4 and 
adjacent atoms are superimposable for the two sugar molecules 
but, from this hinge, the two sugar positions gradually diverge 











Table 1 Summary of the 1.7 A restrained least-square: éfinenient and 
other data of L-arabinose-binding protein 





Final value 

















Target o 





R-factor 0.137 
r.m.s. coordinate shift (A) 0.017 
rms. B shift (Å?) 0.13 
Average (|F |-| EJ) (18, —45) 25.53 
Bond distance (A) 0.015 0.016 
Angle distance (A) 0.030 0.044 
Planarity (A) 0.010 0.009 
Chiral volume (A?) 0.05 0.07 
Angle w (deg.) 5.0 3.2 
r.m.s. coordinate error (A)* 0.14 
` No. of reflections at 8-1.7A 26,634 
No. of atoms refined: 
Protein 2,316 
Two molecules of L-arabinoset 20 
Water molecules 230 





Where listed together, the values of target o are the inverse square 
‘oot of the least-squares weight and corresponding final values given 
are the r.m.s. deviations of the parameters from their respective ideal 
< values taken from the standard groups listed in Table 2 of ref. 32. 
* Estimated by Luzzati plot®’. 
. + The initial fit of B-L-arabinose’® was first included in the refinement 
at 1.85 A resolution. The bond lengths, angles and torsions of the sugar 
were restrained to values derived from the known B-DL-arabinose 
structure’, The presence of the a-L-arabinose in the same site was later 
unambiguously established from Fourier and difference Fourier maps 
calculated following refinement at 1.75 A (R-factor, 0.18). The initial 
coordinates of a-anomer atoms were identical to those of B-anomer 
With the exception of O-1 which was obtained from the corresponding 
peak in the difference Fourier map. In subsequent refinement of both 
-anomers, starting with both sugar coincident, the following conditions 
were implemented. (1) The ideal values for the a-anomer stereochemical 
estraint parameters were identical to those for the B-anomer, except 
that O-1 was derived after rotation of the axial anomeric hydroxyl to 
the equatorial position. (2) There were no repulsive restraints for non- 
bonded contacts, including hydrogen-bond distances, between the two 
sugar molecules and between the sugar and the protein. (3) Restraints 
on chiral volumes of asymmetrical carbon atoms were additionally 
_imposed on both anomers. (4) Atoms for both anomers were given an 
nitial occupancy of 0.5 and the initial thermal parameters for individual 
toms of the a-anomer were those obtained from the previously refined 
anomer; each parameter was refined in alternate cycles. Because 
ccupancies of the atoms of each anomer deviated little, they are 
ventually fixed at the initial values of 0.5. This is consistent with the 
Imost equal electron density of both anomeric hydroxyls in maps shown 
<in Figs | and 2. (5) In the final stage of refinement, only one sugar was 
efined until the r.m.s. shift in coordinates had reached a minimum 
alue. The other sugar was then refined. This alternate refinement was 
repeated until the r.m.s. coordinate shift for both sugars finally converged 
t 0.007 A, significantly lower than the value for the entire structure, 
indicated above. 


‘oughly in the direction parallel to the b axis (see Fig. 1b). This 
livergence produces a maximal separation of 0.31 A in the 
gsitions of the C-! atoms and brings the anomeric hydroxyls 
within 1.84A of each other. If both pyranose rings had 
ntical orientations, the difference in positions of the anomeric 
ydroxyls would be 2.3 A. 


ugar—protein interaction 


Details of the interaction between the anomeric sugars and 
rotein residues are presented in Fig. 2 and Table 2 and summar- 
red in Fig. 4. The result shown in Fig. 2 leaves little doubt as 
i the reliability and accuracy of the analysis of the sugar-ABP 
mteraction. This interaction is far more complex and extensive 
han initially deduced at 2.4 A resolution ®. 

Although both anomers of L-arabinose bind, the geometry of 
he ligand site remains the same and identical amino acid side 
uins interact with both sugars. An important discovery is that 
“Asp90 OD2 is precisely aligned to accept a hydrogen bond 
‘from either the a- or B-anomeric hydroxyl. Lys 10 NZ makes 
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Fig. 4 Schematic diagram of the complex networks of hydrogen 
bonds formed between L-arabinose and side-chain residues in the 
binding site region of ABP. This diagram is not meant to indicate 
that both pyranose rings coincide (see Fig. 1). The residues 
(primary) that interact with the sugar are in turn hydrogen-bonded 
to each other or to other (secondary) residues or isolated water 
molecules. Wat 309 links Glu 14 of the N-terminal domain with 
Asn 205 of the C-terminal domain. Wat 310 is part of a chain of 
interactions involving Asp 69-Asp 90 of the N-terminal domain 
and Thr 147 and Arg 151 of the C-terminal domain. 


a hydrogen bond with O-2 and stabilizes the alignment of Asp 90 
through a salt link. Lys 10 is also within van der Waals’ distance 
(3.2 A) of either O-1. As a-OH and B-OH are related by a local 
mirror plane formed by Lys 10 NZ, Asp 90 ODI, CG and OD2, 
and a point midway between C-1 of both sugars (mean deviation 
from the plane, 0.05 A), each anomeric hydroxy! is involved in 
equivalent interactions with atoms in the plane (see Fig. 25). 
Glu 14 OE2 is a recipient of a hydrogen bond from O-3 which 
in turn is an acceptor from Asn 205 ND2. Unusual bidentate 
hydrogen bonds are formed between ND2 and OD1 of Asn 232 
and 0-3 and O-4, respectively, and between NH2 and NHI of 
Arg 151 and O-4 and O-5, respectively (see Fig. 2b). Two isolated 
water molecules (Wat 309 and Wat 310) form hydrogen bonds 
with O-2 and O-5 and bring the sugar and the two domains 
together in the cleft (see Fig. 4). 

Several additional properties of the hydrogen bonds between 
sugar and protein are worth noting (Figs 2, 4). (1) The anomeric 
hydroxyls participate solely as hydrogen-bond donors whereas 
the rest of the sugar hydroxyls serve as both donors and accep- 
tors. This pattern is also observed in the crystal packing of 
carbohydrates'’. (2) The hydrogen-bonding capacity of O-3 is 
fully utilized by donating one and accepting two hydrogen 
bonds. As depicted in Fig. 2b, the orientations of the three 
hydrogen bonds make O-3 approximately tetrahedrally coordin- 
ated, including the -C-O bond (average angle, 108 + 13°). (3) 
Based on the geometry (see Fig. 2b), the hydrogen bond donated 
to O-2 or O-4 is shared by both lone pairs of electrons on either 
sugar hydroxyl. (4) The ring-oxygen is almost tetrahedrally 
coordinated, hence each of the two ring-oxygen p orbitals is 
directed towards the respective hydrogen-bond donor. (5) All 
the potential hydrogen-bond donors from the sugars and side 
chains of Lys 10, Asn 205, Asn 232, Arg 151 and the two water 
molecules (Wat 309 and Wat 310) are fully utilized. 

Because the sugars provide cohesive interactions between the 
two domains in the cleft region, they stabilize the closed confor- 
mation proposed for the liganded form of the protein'®'®. The 
six (primary) amino acid residues hydrogen-bonded to the 
sugars are equally divided between the opposite walls of the 
cleft (Fig, 2b). Furthermore, as shown schematically in Fig. 4, 
these (primary) residues are in turn involved in networks of 
hydrogen bonds with other (secondary) side chains and isolated 


















` Table 2 Hydrogen bonds associated with the binding of a- and B-L-arabinose to ABP 








Hydrogen bonds 


.., Donor (X) Acceptor (Y) XY (A) 
2i 0-1 Asp 90 OD2 2.77 
Q-2 Wat 309 O 2.61 
` 0-3 Glu 14 OE2 2.77 
< 0-4 Asn 232 ODI 2.62 
Lys 10 NZ 0-2 2.73 
Asn 205 ND2 0-3 3.03 
Asn 232 ND2 0-3 2.97 
Arg 151 NH2 0-4 2.82 
Arg 151 NHI 0-5 3.05 

Wat.310 O 0-5 2.80 .. 

Overall mean 2.82 (0.15) 









Although hydrogens were not refined, sufficient accurate structural information was available from the 1.7 A refined structure to deduce th 
location of hydrogen atoms on the basis of geometrical consideration and to measure distances and angles between hydrogen donor and accept 
atoms. Because ABP crystals were kept at pH 6.4, the carboxyl groups of Glu 14 and Asp 90 were assumed to be fully ionized. Determination 
hydrogen atom positions in Arg 151, Asn 205 and Asn 232 were strictly based on standard geometry. On the other hand, the three NZ hydrogen 
of Lys 10 have been placed assuming a perfect staggering in relation to - 
foreach of the sugar hydroxyls, except that the initial choice of which of 


solvent molecules. Not shown is.a further, third shell of residues 
that: forms hydrogen bonds with the secondary residues. This 

interlocking hydrogen-bond system not only fixes. the orienta- 

tions. of the primary residues confined to their respective 
domains, but also stabilizes the sugar-protein complex. Thus, 
the geometry of the protein is unchanged on binding either 
anomer and the formation of identical interactions to both forms 
of the sugar is achieved by the slight shift in the positions of 
the sugars. 

The binding site region is one of the least mobile regions of 
the protein, undoubtedly due to the presence of the sugar sub- 
strate. The average refined isotropic temperature factor for all 
atoms in ABP is 18.2 A?, whereas the average value for the 
bound sugars, the six amino acid residues and two water 
molecules hydrogen-bonded to the sugar is 10.3 A2. 


Hydrophobic patch 


In the L-arabinose molecule, the disposition of both the 
equatorial OH-3 and axial OH-4 to one side of the ring creates 
a hydrophobic patch composed of C-3, C-4 and C-5. This patch 
is adjacent to Trp 16 and Phe 17 (Fig. 3). This unique arrange- 
ment corroborates the observation that one of the five tryp- 
tophans in ABP accounts for most of the fluorescence spectral 
change elicited by sugar binding'*'°. Moreover, the blueshift in 
the spectrum, which is suggestive of a more hydrophobic 
environment, is consistent with the X-ray analysis. Similar 
fluorescence changes have been observed in other sugar-binding 
proteins and these have facilitated kinetic studies of ligand 
binding by the rapid-stopped flow technique'*'®, 


Accessibility of binding site 


A calculation of the surface accessibility? of the two bound 
sugars in the refined structure, after removal of all the water 
molecules, has confirmed the initial finding'® that both sugar 
molecules are (completely) sequestered in the cleft between the 
two globular domains. Both bound sugars have an accessible 
surface area of 2.1 A?, 2.3% of the values for the free a- or 
B-anomer in the observed conformations. 

Additionally, the six amino acid residues hydrogen-bonded 
to the sugar are essentially buried even in the absence of both 
sugar molecules. Although the net charge of these residues is 
neutral, only Lys 10 and Asp 90 form a salt link together, whereas 
_ Glu 14 and Arg 151 are each isolated on either side of the sugar 
- ting and siot associated in salt linkages (Figs 2, 4). The negative 
- Charge on Glu 14 is substantially neutralized by a helix dipole 
_ (composed of residues 14-32) pointing at the side chain (with. 





a@-L-arabinose 


the neighbouring tetrahedral carbon atoms. A similar approach 
the three staggered positions was occupied by the single hydroxy! hydroge 
was made on the basis of the nearest hydrogen-bond acceptor. Moreover, as neutron diffraction studies of simple sugars indicate that hydrox 
hydrogens vary from staggered to eclipsed*®, the initial choice was rotated, if necessary, about the H~C-O-H torsional angle in order to attain: th 
most linear hydrogen bond with the acceptor. The hydrogen bonds listed above are within the normally accepted range'7*>~>”, £ 


B-L-arabinose 



















X—Ĥ---Y (deg) XY (A) X—Ae¥ (deg). 
159 2.74 166 
155 2.60 156 
176 2.66 173 
178 2.62 176 
146 2.86 151, 

169 3.09 167 

162 2.98 159 

167 2.81 168 

161 2.99 160 

= 2.74 oe 
164 (10) 2.81 (0.16) 164 (8) 
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opposite polarity) and further dissipated via a charinel conta 
ing a string of three water molecules that link the residue to 
bulk solvent (N.K.V. and F.A.Q., unpublished data). The peptid. 
carbonyl dipoles of Met 204 and Thr 147 are aligned at Arg. 
NH2 and NE, respectively (Fig. 4), but these only parti 
offset the buried positive charge. As discussed below, the positiv 
charge of Arg 151 is probably an important feature of the sugar 
protein complex. ; 


Discussion 


Efficient utilization of the open-chain, aldehyde..form -o 
L-arabinose for the biosynthesis of pentose phosphates in the 
microorganism”! requires translocation of both sugar anomer 
by the binding protein-dependent active transport system. Thi 
study has provided a.complete description of how ABP confi 
sugar specificity on the system. Moreover, the geometry of th 
ABP-binding site, despite its complexity, is designed 
accommodate precisely either L-arabinose anomer while mai 
taining the same orientations of the residues in the site One ol 
the most remarkable discoveries of this analysis is the exac 
complementarity between each anomer and the binding sit 
region, despite the involvement of several residues from bot! 
domains in forming the cleft and the requirement fora conforma: 
tional change to juxtapose these residues and modulate acces: 
to/from the binding site cleft. : 
Results of sugar-binding studies of ABP in solution can now 
be rationalized on the basis of the structure of the ligand site 
Most notable of these are: (1) Both anomeric sugars bind at 
equal rates and with tight affinity’’. Expulsion of wai 
molecules, the formation of an extensive hydrogen-bondin; 
system and the occlusion of ligands in the binding site al 
contribute to the extremely tight ligand binding. Note that th 
extremely small dissociation constants (Ką) of purified binding 
proteins in vitro (~1 uM) are comparable with the Km values 
for transport in vivo of highly polar solutes”. Moreover, the rates 
of ligand dissociation from binding proteins measured in vitro 
correlate with the Vmax for in vitro transport!'*'*, (2) All free 
sugar hydroxyls are required for binding, and epimers o 
L-arabinose and D-galactose do not bind to ABP'™??, (3) Sugar 
induces a change in tryptophan fluorescence (refs 15; 19 an 
see above). (4) A residue(s) of pK ~4.5 is presentin the binding 
site and the pH range of maximal binding activity is broad { pH 
5-9)”. ; 
There seems to be an effect, first described by Edwards” and 
later named the anomeric effect by Lemieux”, which correlates 
the relative stability of the arrangements at the anomeric carbon 














dipole formed by the resultant unshared electron pairs on the 
ring-oxygen. Thus, because these dipoles form a small angle 
when the substituent is equatorial and a large one when it is 
axial, the a@-L-arabinose is less stable than the 6-anomer. 
Moreover, because the anomeric effect varies inversely with the 
dielectric constant, the binding site of ABP would make the 
a@-anomer even more unstable, especially as the a-OH is in close 
proximity to Thr 147 CG2. ABP apparently neutralizes the 
anomeric effect, because about equal amounts of both anomers 

re bound (Table 1, Figs 1, 2). This is accomplished by the 
interaction of the ring-oxygen with the highly effective positive 
charge density on the guanidinium group of Arg 151, which 
more than counteracts or opposes thé dipole moment on the 
ring-oxygen. The anomeric effect is further offset by the highly 

ipolar water molecule (Wat 310) hydrogen-bonded to the ring- 
oxygen (Figs 2, 4). 

Many features of the sugar~-ABP complex will undoubtedly 
be found in other binding proteins, particularly among the sugar 
binders that collectively possess very similar properties. For 
example, the D-galactose- and D-maltose-binding proteins also 
bind both anomeric sugars with identical rates and tight 
affinity'*'®, Moreover, the locations of the binding site in these 
two carbohydrate protein receptors (refs 8, 9 and J.C.S. and 
F.A.Q., unpublished data), and in two others with specificity 
for sulphate® and leucine, isoleucine or valine’, are very similar 
to. the L-arabinose-binding protein. As the D-galactose and D- 
maltose protein receptors are also components for chemotaxis, 
their ability to recognize both sugar anomers can generate a 
täpid chemotactic response. 

_.Miiller-Hill’s proposal” that each of the two domains in 
mature sugar-binding proteins is formed from one continuous 
polypeptide segment and involved in one particular function 
(the N-terminal domain for membrane interaction and the C- 
terminal domain for ligand binding) cannot be justified or sup- 
ported by structural results. Both domains of arabinose- and 
galactose. binding proteins consist of two separate polypeptide 
segments*®? and participate in sugar binding*'® (see also Fig. 
2). Moreover, it is more likely that both domains are involved 
in the interaction with membrane protein components”''*?°, 
-The present study is the first direct demonstration of a protein- 
binding site geometry that can accommodate either anomeric 
form of a sugar substrate and simultaneously minimize the 
anomeric effect. We are aware that several enzymes involved in 
glucose metabolism (for example, hexokinase, glucokinase, 
glucose 6-phosphatase) also lack anomeric specificity. The possi- 
ble similarity of the ABP-binding site with the lac repressor has 
also afforded insight into the mode of binding of sugars to the 
repressor (see accompanying paper’’). 
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t ys he major role 
of periplasmic binding proteins in ‘transport is linked to the 
extremely tight ligand binding. Transport is facilitated by having 
at least two juxtaposed protein components in the system which 
differ sufficiently in ligand affinity, being high in the binding 
protein on the periplasmic (uptake) site and low in the protein(s) 
confined to the plasma membrane. Active transport is achieved 
by translocation of solutes via these components in syn- 
chrony with conformational changes that propagate through 
the entire system. The coupling of energy to the binding protein- 
dependent transport systems requires a metabolite related to 
ATP”. 

Further importance of binding proteins in active transport is 
indicated by the results of this and other structural analyses. 
For instance, ligand-induced cleft closure’®'® generates the 
appropriate stereochemistry for the specific interaction of the 
liganded protein, in preference to the unliganded form, with the 
membrane-bound protein components, thus initiating the trans- 
location process. Sequestering of ligands should facilitate trans- 
port by excluding the bulk water at the interface between binding 
proteins and respective membrane components. A bilobate 
structure, with binding site in the cleft between the two lobes, 
is an important common feature of binding proteins; it facilitates 
a hinge-bending motion of the two domains to open and close 
the cleft”'*?°, This conformational change could affect the inter- 
action with other membrane-bound components, the affinity for 
substrate, or both. A plausible mode of interaction between the 
membrane protein aggregate and a bilobate binding protein has 
been proposed’*. The membrane proteins, with binding sites 
for closely related substances*”’, presumably serve as carriers 
for the translocation of highly polar solutes (ions, carbohydrates, 
amino acids) across the membrane. 

Refinement of the ABP structure has for the first time provided 
detailed features of the binding of a carbohydrate substrate, 
with broad implications for our understanding of other similar 
complexes. Moreover, this analysis, together with other data for 
ABP derived from a variety of techniques (including NMR™, 
kinetic'®'°, calorimetric*') provides an excellent basis for the 
analysis of ABP with altered activity or specificity generated by 
site-specific mutagenesis, the design of other substrates and the 
theoretical study of ligand binding. Finally, this report not only 
further validates the restrained refinement technique but clearly 
underscores the importance and, indeed, the necessity of high 
resolution refinement of protein structures. 
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The genomic structure of the joining (J) and constant (C) regions of the locus encoding the B-chain of the murine T-ce 
receptor has been analysed. The gene segments are arranged tandemly (J~C/J-C) within a 15-kilobase region. The | 
constant-region genes are almost identical, differing by only four amino acids, all in carboxy-terminal portions. Each 
region comprises four exons encoding an external globular domain, a small hinge-like region, a transmembrane region a 
a cytoplasmic tail plus 3'-untranslated region. The two clusters of J regions each contain 7 distinct elements, 12 of wh 


may be functional. 









T CELLS are both effectors and regulators of the immune system. 
Helper T (Tu) cells augment the responses of cytotoxic TT. 
cells and B cells, while suppressor T(T,) cells reduce these 
responses. The T, cells are responsible for the destruction of 
cells infected by intracellular parasites and.also of tumour cells. 
Like B cells, T lymphocytes have a surface receptor that allows 
them to distinguish between self and non-self. Unlike the B-cell 
receptor (antibody), this. receptor can only recognize antigen in 
the context of molecules of the major histocompatibility complex 
(MHC; HLA in man, H-2 in mouse), This phenomenon is 
known as MHC restriction'”. Most evidence. now indicates that 
T cells recognize the antigen and MHC specificities as a single 
entity via one receptor, rather than having separate receptors 
for each. 

The receptor molecule is a disulphide-bonded heterodimer of 
molecular weight 90,000°°. In the mouse, the two chains are 
each of approximately 40-45,000 molecular weight, but may be 

_ Separated. on the basis of charge®’. Tryptic peptide analysis 
Suggests that both the more acidic (a) and more basic (8) chains 
contain variable and constant regions'°''. 

Recently, a complementary DNA clone encoding one chain 
of the murine T-cell receptor for antigen has been isolated’? 
Sequence. analysis of this and related clones indicates that the 
predicted translation products would have significant homology 
to immunoglobulin’ and that like immunoglobulin", it consists 
of variable (V), constant (C) and independently assorting join- 
ing (J) regions'*. It also rearranges in the DNA of different T 
cells, but not in other cell types', The human equivalent of this 
gene has also been isolated and shown to have some of these 
same properties”. N-terminal amino acid sequence analysis of 
the human T-cell receptor 8-chain shows that it represents the 
product of this gene”. We have studied the components of a 
rearranged gene isolated from a pigeon cytochrome c-specific, 
H-2E-restricted Tą hybridoma (2B4) and its unrearranged 
(liver) counterparts'®. Sequence analysis of these genomic clones 
indicates the presence of a diversity (D) segment in addition 
to the V, J and C regions'**°, analogous to regions of the 
immunoglobulin heavy chains'*. It appears that the active gene 
is formed by juxtaposition of gene segments separated within 
the genome". 

There are two distinct C-region genes in the mouse genome 
which are homologous to the previously described cD NA clones. 
Each is associated with a cluster of J regions and the whole 
complex is contained within 15 kilobases (kb). We and others 
have shown that this gene complex is encoded on chromosome 
6 (ref. 16 and M. Kronenberg, personal communication). The 
3’ cluster of J regions, which includes the 2B4 sequence, has 
been described elsewhere’, We present here the sequence analy- 
sis of the two C-region genes and the 5’ cluster of J regions. 


": Organization 
- Genomic clones hybridizing with a constant-region probe were 
_ isolated from a B10.A mouse liver DNA library in the vector 






















À 1. Their partial characterization has been reported previously 
Determination of the overall organization of this locus from 
restriction mapping and sequence analysis (as described in detai! 
below) reveals (Fig. 1) a cluster of J regions preceding a: C 
region gene in a tandem arrangement: Jr Cr, Jy’ Cy’. The Cy. 
C;' nomenclature has been adopted to avoid confusion betwe 
the different J regions and specific exons (that is, Cyl, Cy 
C2, and so on) discussed below. The two C-region genes a 
separated by about 6.5 kb, each being about 2.5 kb downstrea 
of the respective J-region cluster. Southern analysis shows that 
all the constant-region segments are contained within this 25- 
segment (data not shown). 


Sequence of the J; cluster 


The organization and sequence of the 3’ J -región cluster 
(hereafter referred to as J;') has been described previously 
Figure 2a shows the detailed arrangement of the 5’ cluster (J 
and the sequencing strategy, and Fig. 3 gives the nucleotide 
sequence. The J elements are spaced somewhat further ap: 
in this cluster, up to 440 nucleotides, compared with 40-220 
the 3’ cluster’, J; contains seven J regions as deduced fro 
sequence homologies with Jy and immunoglobulin J region 
We have sequenced 2 kb 5’ and lkb 3’ to the regions indicate 
without discovering any additional J regions (data not shown 
Jx7 is probably a pseudogene because the possible RNA: spli 
sites would. make it substantially shorter or longer. than 
others and may result in out-of-frame splicing to the consta: 
region. Three of the 5’ J regions are known to be expressed, . 
they have been identified from cDNA clones: J;1 and Id a 
used in cDNA clone-derived from a concanavalin A-stimulat 
spleen library (S. M. Hedrick, E. A. Nielsen, J.K. and M.M.D 
unpublished results), and J;3 in the cDNAs 86T1 and. 86° 
(see ref. 13). The points of rearrangement to form the active 
are indicated in Fig. 3. 




















o 5 10 15 20 26kb : 
Fig. 1 Sequence organization of the J and C regions. B10.A liver: 





genomic clones were constructed as described previously’. The. 
arrows represent restriction sites for EcoRI. Restriction fragments 
hybridizing to the mainly constant and J-region probe 86TS (ref. 
13) were subcloned into the plasmid vector pUCco (ref. 27). 
Sequencing was performed by the procedures of Maxam and 
Gilbert”*. Exons are represented to scale by solid vertical bars; 3’. 
untranslated regions by hatched bars. ` 











; Table 1 Comparison of the domains of the constant region : 








External 
CA 
Nucleotide changes 1/375 
- Amino acid changes 0/125 
“Replacement mutations 0/1 


Hinge Transmembrane Cytoplasmic 

Cr Cr3 C,4 3' UT 
3/18 16/107 4/18 103/217 
0/6 3/36 1/6 — 
0/3 3/16 1/4 = 


“Amino acid changes: In C73, amino acid 249, Gln : His; 275, Thr: Gly; 278, Val: Leu. In C4, 284, Arg: Lys (see Fig. 6 legend). 3’ UT, 3’-untranslated 
egion. Deletions/insertions are scored as a maximum of two nucleotide changes. 


| There are several areas in apparently noncoding regions (Fig. 
which have short areas of sequence homology with J regions. 
Thus, it seems likely that these represent very degenerate 
seudogenes and that the ancestral spacing of the two clusters 
nd even of the immunoglobulin J regions may have been 
imilar, one arising from another by duplication. 
< Figure 4 compares the coding and flanking region sequences 
f these J regions. As in the Jy' region and in immunoglobulins, 
‘onserved heptamer sequences lie immediately 5’ to the J 
egions. Regions similar to the nonamers of the J,’ region are 
also discernible, spaced 12 or 13 nucleotides 5’ to the heptamer 
on the basis of homology to each other. Although maximum 
omology is obtained with a spacer of 12 nucleotides, as in the 
y cluster'*, the proposed nonamers have more homology to 
hose of the J,’ cluster if a spacer of 13 is applied. In the absence 
f adequate expression data, we have therefore provisionally 
sed a [3-nucleotide spacer. These nonamers are significantly 
iore varied than those of the J,’ cluster'*, with only a run of 
three to five T nucleotides in common. The heptamers are also 
ore varied, although they have the canonical NNNTGTG 
equence shared with the J,’ cluster’® and with immunoglobulin 
eptamers'’. J;1 has the most common of the immunoglobulin 
eptamers (CACTGTG). This is the only J; element to have 
his sequence, although it occurs in over 90% of immunoglobulin 
eptamers' There is much variation in the length of the sequence 
etween the heptamer and the expected start of the J region. 
As a result, J-region nucleotide sequences can vary in length 
rom 16 to 18 amino acids. In the cDNA clone 86C3, the 
earrangement to Jr} occurs so that the asparagine changes to 
histidine (Fig. 3 and unpublished data), but in 86T1 and 86T5 
he. rearrangement occurs just 5’ to the serine (Fig. 3 and ref. 
3). This produces J regions of 15 and 16 amino acids, respec- 
vely. 
Figure 5 shows the predicted amino acid sequences of these 
‘regions and compares them with those from J,’ regions. There 
re several notable differences between the two clusters. In J,6, 





Fig. 2 Sequencing strategy for Jy 





one of the glycine residues that is conserved throughout all the 
other T-cell J regions (those that are not obviously pseudogenes) 
is substituted with an alanine. This sequence, glycine-X-glycine, 
is found in all immunoglobulin J regions except in that encoded 
by pseudogene J,3, where the first glycine is replaced by a 
serine’”'*, Of the amino acid sequences encoded by the Jy 
cluster, all but one contains a conserved tyrosine followed by 
phenylalanine and glycine. In contrast, this tyrosine occurs only 
twice in the J;-encoded cluster. It is unclear which, if any, of 
the J elements are functional other than the three found in 
cDNA clones. 

There is a large block of strong amino acid homology encoded 
by the 3’ end of each J region (Fig. 5), with significant differences 
only between the two glycines and at the 5’ end. Thus, diversity 
is provided by the J-region genes in at least four different ways: 
their large number and high variability (compared with the small 
number and relative homogeneity in immunoglobulin 
clusters'*'*), their variable lengths and the indeterminate posi- 
tion of rearrangement (P. Patten et al, unpublished). 


Structure of constant-region genes 


The two C-region genes, Cr and Cy, were sequenced by the 
strategy shown in Fig. 2b, c. Both genes are arranged in four 
exons, interrupted by introns at exactly the same positions, the 
lengths of which are nearly identical. Based either on their 
sequence similarities to immunoglobulin or the results of Kyte- 
Doolittle hydropathicity analysis'*, the four exons can be assig- 
ned as encoding the external domain (C;1), a small hinge-like 
region (C72), a probable transmembrane region (C,3) and a 
cytoplasmic tail (C74) plus 3’-untranslated region. The nucleo- 
tide and predicted amino acid sequences of the two genes are 
presented in Fig. 6 and the individual exons compared in Table 1. 

The sequence 5’ to Cri (not all of which is shown) indicates 
that the cDNA clone 86T3 described previously’? was formed 
in part by an 87-base pair (bp) readthrough immediately 











cluster (a), Cy (b) and Cy (ce) Jr?! dJ? 473 dys J5 476 Jy74 
“regions, a Was sequenced from two a (ama J 
“subclones, HindIII to BamHI and an Bami Ph By toO 
» BamHI to EcoRI. b, Two EcoRI sub- E r e 
lones were used for sequencing. Fon moi ooe 


Hinde 


Because an EcoRI site falls within 

he -C,4 exon, labelling from the vec- 

‘tor polylinker BamHI site was used. 

“¢, The Crl' exon was sequenced from h 
ia subclone of B22 (Fig. 1). The 
: EcoRI and PstI sequencing from the 
“wavy line indicate where this sub- 
lone ends. The other exons were 
equenced from a subclone of B3 
which extends further on the 3’ side. 
sequencing of the subclones was 
rocedure of Maxam. and e 
ilbert” by either 5'-end labelling 





ehri 





Crt Cpr eg? Cyw FUT 





% : : 4 aie Rsal Asal 
-withpolynucleotidekinase(thinlines) Pti Avett ne Am ai 
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or 3'-end labelling with the Klenow - + 
fragment of DNA polymerase I 
(thick. lines), The broken line in b 





indicates one fragment sequenced by 
the *°S-dideoxy method. 


0.5 1.0 kb 








„possible 


‘Fig. 3 Sequence of the 


genomic J; regions 


“obtained by the strategy of 


Fig. 2, Translations of the 
J regions are shown. That 
of the clear pseudogene 
(J7T7) is shown to be the 
same length as the 
apparently functional’ J 
regions even though its 
splice site is displaced (see 
Fig. 4). The deduced posi- 
tions of rearrangement of 
the four cDNA clones 
(86Ci, 86C3  (unpub- 


‘lished), 86T1 and 86T5 
` (ref. 13)] are indicated. It 
“is not possible to. deter- 


mine the exact position for 

86T1 and 86T5, so the two 
positions are 

indicated. 











Bre kantr lutia PhePhet ie jerlythransh authnlaly 
TCTAGATACTAGCTOSGAAGAECCTCTCT TCACCCCTTAMGATTATTTTTCTCCTCATEETATGGCACTETACA 


86C3 
AsnSentaptypThrPhatl wSemsiLythy 
GTAAGATATCTTTCARGTARATTICAGGTCTCECTTCEGACAAABCATGTCCICCGTETCCATAT TCGAGTATC TSTATICTGATGTGCAAACTCCGACTACACCT TCGBCTCAGGGACC 
BECI 


ArgLeuLeuYalI le 
AGGCTTTTGGTAATAGGTAAGGCCTGAGGGTCTTTGGGTGTGGGATGGAAAGTGTAATACTGTTCIGGTAATCAGAGGAAGGATACTOCTCATGGTTCCTCCTTGAGGAAGAGGCYCICT 


CATGTCTGGGACTACATTCTAATGAGGCTGGATCCCGCAGGTCGACGTGATCCACAAAGG TGGAT TCATCATAGGTCTAGGAATGTITATGGTGGAGTCAAGATGAACC TCGGGTGGAAG 


Jy3 
z Send E IEE E EE A 
TCAGGAAAGAGAGAGGAGAAAGGCTCACAGAGAGGGAGGGGGTTTTGAAGTGGACCCGGGAGEC TSTRLTCTGGAAATACGCTCTATTTTGGAGAAGGAAGCCGGCTCATIGTTGTAGGT 
8671/15 


AAGTTAGGGCCAAATGGCTGGGTACTGGGTGAAGTTTCTCTCTGAGGTOCCTAGGTTGCAGTGTACTTCTATCAGAAAGAACTAAACTCCTETGCYCATGCATGCACGAAGGAATGAATG : 


ACACAGAAGTCTTTTTGGTAAAGGAACCAGACICACAGTIGTAG ` 





CCCACAGGTOGCTATGCGAAAC TCGGGATCGTTTAATGCAGGCAAGCTCAACTGGGAGTAAGUCTCATGTACTGTTCACAGTCCTACGGTTTGGCTCTTCCATATAGGCAGAAGACAGGE 5 


TTOGGCAGGGAAGATSTATGGGCCATTAGGAAACGTGATTOCTAATTACATTAGTTAATATGGCATAGTTGTCTGTCC TTC TACTCCCCAGAGATAACACETTCCTCAGGAATGAGGGAA 
i dy4 


PRE E E T E 


GCTAGCTECTAGGCAGGCACAGGGAGGAGGGGCAGGAAGCATGAGGAAGTTTTACCACTAGGCTTTAATGTTGTGITICCAACGAAAGATTATTITTCGGTCATGGAACCAAGCTOTCTO g 


alheu i 
TCTTGGGTATGTAAAAGATTICTTTCTCGGGAGGGTGTGTTOTAAACÉTAGAGCCACGGGGAACTCE TCGGGCAAGGTGAGGACTGCAAAGGCAGCTTGGGCTGTGGYTCAGGGAGGAAG 


GUnProdla 
GAAGGATGGTGAATGTGCCTGAGCCCT TGGAGAT TC TGTGCAGAG TCE TGCC TCAAAGAAGGGICCCATCAGCTCTTTGGGAGTT TGTCACCCTCATGTTGTACTGTGTAACAACCAGCT 
a5 
ProleuPhaGl yolue Lylhrd rgleuderv alien 
COGCTTTTTGGAGAGGGGACTCGACTCTCTGTICTAGGTAAAL TATGGGACCAAALTGGTUGGACCATTS TCC TTTAGACC TGGAGTGTETGTAACCCCAGAGE TGS TEGAAGEGACTEG 


132 


GAAATTTAGTTATTCCTTTACTTGCTAGGTTCTGAAATGGAACTCTGCCTCACTTATGAGGAGATGCATCAGCACCTGCTTCTTTTCCCETGAGTCTGCAGTE TAGGAGTCTITTCCTOC 4g 


CTTCTTCCCAAGGTCATCCTACAGTITIGTT TGCATGGGTGTGCTCCTICTGAGTCCCTTCCCCCTGICTCTCTCCTGTGACATGCCTCATGGTAT TAC TGGAGTCTGGAATACTICOTA tM 


Serf yrdanSerProLaulyrr : 


CAGGCAGAGAGGTAGTCATTCAGGTCTCAGGGATCTAAGACTCGCTCTCTAGCTT TEGGACCGC TGGTAGGTTTTACCAAGGTCACC TGCAGC TG TGT TCCTATAATTCGCOCCTCTACT 


J76 dyrt 
heitasta ieietu Naite rid 04 oleh op sbitvat Lybauhytyet tuteur 


yrLye a 
TFeCGBCAGGCACCCGRCTCACTG TENCAGGYATGGGGGCTCCATTTCTEACTEGAGGGSCTGTGCLTOTGT TGGA TGACCATGG TCT TGGAAAGGAAC TTAGGTATAAGATAAGACAG 


AATCCTTAGGTATAAGGTAAGACAGAGTCSTCCCTTCCCATCTGGAACCCTCTACCTTTCTACCTTCCCCAGAGCCTOGTCGCTTGCTCTTCTCTEGGTTTGTTTTCGTGTTCTGGACAC: 


AGAATGCCTTTCTICAGGGCTTTGAGTCTICTIGCTCTICTTTTTACTAT IC TT TGGGCTACTGTCTTCAGTGACT TC TGAGCGGATGCATTACTIGITITTTCTCTIAGCCTCATCTCC 


upstream of the C region. The sequence 5’ to this section of the 


CDNA is derived from another region. 


_The two C-region genes are strikingly similar over their entire 
coding-region sequence: they produce a total of only 4 amino 
acid substitutions out of 173. The positioning of the nucleotide 


and amino acid changes is particularly intriguing, as they are 


limited almost exclusively to the 3’ exons. Only one (silent) 
nucleotide change occurs within the external (Cr1) domain, and 
three silent mutations in the 18 nucleotide stretch of C,2. The 
sequences encoded by the transmembrane (C73) and cytoplas- 
mic (C,4) exons do show some amino acid changes (Table 1), 
but most of these changes. would probably not markedly affect 
the proteins produced, as threonine and glycine (which occur 
at position 275) are both uncharged polar amino acids, valine 
and leucine (278) are both non-polar and arginine and lysine 
(284) both basic. (This amino acid numbering refers to ref. 15 
which supercedes that of ref. 13.) Of the four amino acid 


replacements, only the glutamine for histidine at position 249 


is likely to be an allelic or allotypic determinant as it is the only 
non-conservative change (glutamine is uncharged, histidine 
often basic) and possibly external to the cell membrane (because 
it is at the 5' end of the transmembrane exon, Cr3). The 3’- 
untranslated regions are almost completely divergent (~45% 


Fig. 4 Flanking sequence homol- 
ogies between J regions of the J; 
cluster. The sequences are split to 
show (from left to right) nonamers, 
spacers (of 13 nucleotides in the 
apparently functional J regions), the 
heptamers, coding regions and pre- 
sumed splice sites. Homologies in 
flanking sequences are underlined. 
“The nonamers have been arranged 
lor consistency with the J,’ cluster, 
t- more homology would be 
obtained by positioning them one 
+ nucleotide to the right. 


9 7 
TATTTTICT CCTCATCCTATGG CACTGTG 
CCATATTCG AGTATCTGTATTC TGATGTG 
GGGTTTTGA AGTGAACCCGGGA GGCTGTG 
AAGTTTTAC CACTAGGCTTTAA TGTTGTG 
GGAGTTTGT CACCCTCATGTTG TACTGTG 







GCTCCATTT CTGACTGGAGGG GGCTGTG 


‘protein level rather than by gene conversion. The close nucle 


AGGTTTTAC CAAGGTCACCTGC AGCTGTG TTCCTATAATTCGCCCCTCTACTTTGCGGCAGGCACCCGGCTCACTGTGACAG GTATGGGGGC 


homologous) and differ somewhat in size (216 nucleotides in 
Crand 174 in Cr’). The overall divergence of the intron seque: 
ces is similar to that of the 3’-untranslated region except at the 
boundaries with the coding-region sequence. Assuming that 
noncoding DNA diverges at a rate of 1% every 2.2 Myr”; this 
indicates that the two genes separated at least 120 Myr ago. Th 
stronger conservation of more 5’ regions has also been seen | 
immunoglobulin genes*’, although to a much lesser extent than 
observed here. a 
Clearly, some very strong mechanism has been operating 
maintain the similarity between the two copies of each exon o! 
the C-region genes. The data argue against a recent gene conver- 
sion event occurring over the whole region of the gene. Howeve: 
it is likely that gene conversion has occurred in the first exon 
fairly recently because it has almost complete nucleotide 
sequence conservation, and, given that the amino acid changes 
in the other exons are mainly silent, it is more likely tha 
homology in these regions is maintained by selection at the 


x 















tide and amino acid homology to the human equivalent?” ind 
cates that there must have been strong functional constraints 
placed on this gene in its recent evolution, much more than fo 
immunoglobulins’. 


Jy CODING REGIONS 


CAAACACAGAAGTCTTCTTTGGTAAAGGAACCAGACTCACAGTTGTAG GTAAGATATC 
CAAACTCCGACTACACCTTCGGCTCAGGGACCAGGCTTTTGGTAATAG GTAAGGCCTG 
TICTGGAAATACGCTCTATTTTGGAGAAGGAAGCCGGCTCATTGTTGTAG GTAAGTTAGG 
TTTCCAACGAAAGATTATTT TTCGGTCATGGAACCAAGCTGICTGTCTTGG GTATGTAAAA 
TAACAACCAGCTCCGCTTT TTGGAGAGGGGACTCGACTCTCTGTTCTAG GTAAACTATG 


dya 


CCTGTGTTGGATGACCATGGTCTTGGAAAGGAACTTAG GTATAAGATAAGACAGAA 









Fig. 6 Sequence of the 
-four constant-region 
exons (with flanking 
sequence) from Cr 
<-(upper) and C,' (lower). 
` The predicted amino acid 
sequences are shown in 
italics. Only the Cy, 
sequences are shown in 
full, with the differences 
found in Cy indicated 
below. Homology is 
“shown by a dashed line. 
Spaces have been inserted 
‘into flanking sequences to 
maximize. homology. The 
3’-untranslated region fol- 
| Jowing C,4. contains a 
poly(A). addition signal, 
AATAAA,: which js 
‘boxed. The position of the 
poly(A) addition site is 
also indicated. Itis known 
from the sequence of the 
cDNA clone from 2B4 
< (ref. 15) that. this is cor- 
rectly assigned in C,’; 
however, that of Cris only 
deduced from the 
iomology to: C,'.. Note 
that the amino. acid num- 
bering system follows that 
-of ref. 15 and supercedes 
that of ref. 13. 





Fig. 5 Amino acid sequence homologies (outlined) between the 
seven J, J regions compared with those of the six apparently 
functional J regions of the J,’ cluster!’ 
shown to end at the same position as the apparently functional J 
regions (see Fig. 4 legend). 











amino oacid homology to the hinge region of the immunoglobulin 
yl protein, which contains the amino acid sequence 
VPRDCGCKPC (ref. 23); the corresponding part of the T-cell 
receptor protein would be GRA(DCGITS)A. The bracketed 
region represents that part of the sequence encoded by C,2, 
and the underlining the region of homology. No significant 
homology has been observed with the hinge regions of other 
immunoglobulin isotypes. Strikingly, the homologies do not 
include any of the prolines that are thought to be so important 
in providing flexibility. In this respect, it is interesting that the 
yl subclass is less flexible than other hinge-containing 
immunoglobulin allotypes”’, It is likely that the T-cell hinge-like 
region does not need to provide as great a degree of flexibility 
as is probably required in the immunoglobulin heavy chain/light 
chain tetramer. 

The sequence encoded by the C;3 exon was predicted to be 
the transmembrane portion of the molecule because of the 
hydrophobicity of the amino acids in this region’*. Comparison 
of the amino acid sequence encoded by this segment with that 
of the transmembrane regions of the various immunoglobulin 
heavy-chain isotypes shows that although the immunoglobulin 
transmembrane regions have a high degree of homology to each 
other’®, they bear little resemblance to that of the T-cell receptor, 
except inasmuch as the amino acids are uncharged. This different 
transmembrane sequence, including the anomalous lysine at 
position 265, may represent functional requirements within the 
membrane which are involved in the association with the other 
components of the receptor complex, such as the a-chain of 
the receptor or the mouse T3 equivalent. 


. The J,7 pseudogene is 


Cy 


120 1 
tudapLauAnghanl alt arProProtyavat serteuPhentubtesert 
AT TCGTACTCTCTTTACTTTCCAGAGGATC TGAGARATGTGAC TCCACCCAAGGIC ICCTTGTTTGAGCCATCAA 
ATACTA-~--CAC+- 20 nee nee tne nt ne te tm tenet 


TTACAAGATC estas las so achat 
~- TGT-CC-6 -TE---- 


140 150 160 170 
yedlaGlul leAladantyettlnLysdlathrLeul a Wyaleud lade? 1 yPhatheProdapy (aval st lubeuserl rp? pla lAanGlyLyal lua litesardlyalser? 
AAGCAGAGAT TGCAAACAAACAAAAGGCTACCE Tegtersctresccatase Te TTCCCTGACCACGTGGAGC TGAGC TGS TGGGTGAATGGCAAGGAGGTCCAC AGIGGGGTCAGCA 


80 90 200 210 
hrdspPratind Latyntyertuscouent ynserl yrCyaleu, deusantopies arglalSerélathrPha rpi isten ros pgd ant ia hasr ya Wall laPhedttad 
CGGACCCTCAGGCCTACAAGGAGAGCAATTATAGC TACTOCCTGAGCAGCCGECTOAGGGTCTETGE TAGCTTCTGGCACAATCCTCGCAACCACTTCCGCTGCCAAGTGCAGTTCCATS 


wae ae WORSE wae oes ale lene aia 











220 230 

lybeuSe E utlyser roLysProValThrGlnAsnileSeralalluA tat rpi l yArgAlaA 

GGCTTTCAGAGGAGGACAAGTGGCCAGAGGGCTCACCCAAACCTGTCACACAGAACATCAGTGCAGAGGCCTGGGGCCGAGCAGGTAAGTG GGA CTTGSGGAGC TGGCAAGAAGAATA 
Cw~Ge~ È 


EES E A T E E E E e EROE E Mae 


AGCATCAGTCGTUCCAATGAAAAAATG GAAAGATGCAGGT..... 
www sa OUT ToS seen ATG--~C~AT-CATG. 


Cy2 


Cys? yl Levhrserad 
TTAATAAAAAGAGGICTCATCC ATTTICCTCTCTCCCICICICTTICTCTCTICTITCAGACTGIGUGATTACCTCAGGTTAAGT GA GTT ie Wane CCCTETCA.. 
CC~-AGTGGCTTTC-f--- --CAs+-~ += e.. ETT a EET a EET Gee We E a Tene ne A-GT i es 


C43 
Hie250 260 270 Gly 
Laser? yrOinGlng LyvalieuSerdlathr! leLauTyndtulleleulaendtyLyed lath pleut yrs Lala lhauvalserPh leu 
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Discussion 









We have isolated two closely linked constant-region genes that 
-cross-hybridize to the cDNA clones described previously’. Each 


C region is associated with a set of J regions which account 
for all of the nine J-region elements so far identified from cDNA 


“clones. In the cDNA clones analysed thus far, we have found 
. that-a given Jr element is always expressed with the constant 


région immediately downstream. Together, these two clusters 
may encode as many as 12 functional J elements, much more 
than any immunoglobulin cluster (usually containing four to 
six minigenes)!*'8, 

The common evolutionary origin of the genes for 
immunoglobulins and the T-cell receptor has left. the T-cell 
receptor -chain gene with many features found in either the 
heavy- or light-chain immunoglobulin genes. The spacing 
between the J; and C; elements is more like that between light 
chains than between Jy and C, (ref. 14). The genomic organiz- 
ation, J~C/J-C, is like that of A light-chain genes, yet the D 
region'®, the separate hinge-like exon for the cysteine that we 
believe forms the interchain disulphide bond”, and the presence 
of transmembrane region and cytoplasmic tail exons are all 
characteristic of immunoglobulin heavy-chain genes. The length 
of the T-cell J region is closer to that of heavy-chain J regions 
than it is to those of light chains (ref. 15 and this paper). It has 
already been noted that the nucleotide sequence homologies are 
intermediate between those of heavy- and light-chain genes’ 
yet the sequence of C;1 is much more like the light chain” than 
is the rest of the gene (40% compared with 25% ). 

The apparent signal sequences for V-D—J joining are remark- 
ably like those of immunoglobulin. This and the existence of 
the D region (as in heavy chains) indicates that the basic 
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There has been much interest in the cosmological consequences 
of line-like topological defects (‘cosmic strings’) which may be 
produced in a phase transition in the early Universe’. Such strings 


would produce density fluctuations on a broad range of scales and 


may have been responsible for the formation of galaxies. In view 


; of this possibility, it would be- useful to have more direct evidence 


he existence of strings than the observed clustering of matter. 






“mechanism of V-J and V-D-J joining is similar in both syste 
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and that they have a common evolutionary origin. Because 
cellular immunity is thought to occur much earlier in phylogeny 
than humoral immunity”®, it seems reasonable to speculate that 
the V-D-J joining mechanism of immunoglobulin genes arose 
directly from that of the T-cell receptor genes studied here. 

Why are there two essentially identical C-region genes? The 
expression of the two does not seem to correlate with functional 
isotypes, as both Tą and T, cells use either locus (unpublished 
results), Perhaps the answer lies in the diversity of the J-region 
segments. Both here. and in immunoglobulin genes (reviewed 
in refs 14, 18), the J clusters contain very few (4~6) apparent ; 
functional minigenes. There may be a limit to the number of 
these elements that can be clustered, so that if, for example, 
T-cell diversity requires 10 J regions, they would have to. sp 
into two clusters, perhaps to avoid aberrant DNA rearrangeme 
or RNA splicing. Although there is no clear correlation between 
function and the expression of a particular constant region, we 
have found 30-fold higher expression of Cr than Cy in BALB/ 
thymocyte and Concanavalin A-activated spleen cDNA 
libraries. As most cDNA clones derived from functional T-cell 
lines and hybrids use Cr’, the significance of this is uncertaj 
An explanation for the presence of the two C regions based.on 
maturation cannot be discounted. We are currently testing this 
and other possibilities, 
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We show here that cosmic strings would generate anisotropy 0 
the microwave background temperature with a very distincti 
feature; the temperature would have steplike discontinuities 
curves on the sky. Present anisotropy measurements limit the line 
density parameter, Gu, to be <107°. Popular values of .this 
parameter, for the purpose of galaxy formation, are only an order 
of magnitude below this. The anisotropy that we discuss will exist 
in addition to that produced by curvature fluctuations due to strings 
and matter at the time that the Universe becomes optically thin. 
Cosmic strings are configurations of the matter fields which 
owe their stability to the topology of the space of degenerate 
vacua produced in a phase transition in the early Universe. For. 
our purposes, we can ignore the internal structure of the strings. 
and treat them as. one-dimensional objects with tension. In the 
rest frame of the string, the mass per unit length, u, is equal to”. 
the tension (we use units where the speed of light, c= 1). The 
equality of the line density and the tension causes the typical 
transverse velocity associated with large vibrations of the strings 
to be close to the. speed of light. The strings that we consilier 











objects), but must either close on themselves. or extend to infinity. 
losed strings will be called loops. 

The dynamics of cosmic strings have been widely discussed'~’. 

s with any object in tension, strings will accelerate so as to try 
to become straight. Everett’ has shown that damping of string 
motion due to their non-gravitational interaction with other 
matter becomes negligible soon after the strings form, Strings 
which extend outside the horizon will be conformally stretched 
by the cosmic expansion while any wiggles on scales smaller 
than the horizon are damped on a time scale comparable with 
the expansion time. Thus, at a given epoch these strings will be 
straight on length scales smaller than a horizon size but will be 
quite convoluted on length scales larger than this. The typical 

elocity associated with the straightening of a string will be close 
to the speed of light as noted above. Thus, the velocity field of 
a string extending outside the horizon will be relativistic and 
approximately constant over scales much smaller than a horizon 
size. Once a loop enters the horizon it will no longer expand, 
but will rather oscillate with a period comparable to the light 
travel time across it. This motion will be damped by gravitational 
radiation, causing the size and period of the loop to decrease 
approximately linearly with time. The fractional decrease in 
size, period and mass of the string in one oscillation is given 

pproximately by Gu where G is the gravitational constant. A 
string will decrease to zero size in a finite amount of time, losing 
its energy by gravitational radiation. The ultimate fate of loops 
-will be determined by quantum effects when the loop is micro- 
scopic in size and will have no cosmological significance. 

The distribution of strings in our Universe is not quite so well 
understood. After the phase transition the strings will form a 

andom network of self-avoiding curves. Some of this string will 
‘be. in closed loops and some will be in infinite strings. The 
fraction of length of string in both should be of the order of 
unity. If the initial mean separation of strings is of the order of 
the horizon size, as seems likely, then for Gu « I the strings 
contribute a fraction ~ Gy to the total density. Turok® has argued 
‘that the initial distribution of closed loops is self-similar in the 
sense that the fraction of space filled by loops of size ~L is 
independent of L. Such a distribution gives a constant number 
‘of loops entering the horizon per horizon volume per expansion 
time. If the infinite strings simply straighten out, then the number 
of open strings across a horizon-sized volume increases with 
time and the strings would soon come to dominate the density’. 
However, provided intercommutation (exchange of partners 
when strings intersect) occurs, the number of open strings across 
a horizon volume remains of the order of unity, with roughly 
one horizon-sized closed loop being created per horizon volume 

er expansion time, These loops would be formed with relativis- 
tic net velocities. This net velocity will then decay as (1 +z) just 
‘as with massive particles where z is the redshift. 

Birkinshaw and Gull’ have discussed how to detect transverse 
elocities of clusters of galaxies by observing the temperature 
eviations of the microwave background in the surrounding 
egion of sky. The radiation which passed in front of the cluster 
jill be made redder, and that which passed behind the cluster 
vill be made bluer. This is much the same effect as is used by 
perators of interplanetary spacecraft who may increase 
decrease) the energy of the spacecraft in the Sun’s. rest frame 
y sending them closely behind (in front of) an orbiting planet. 

The magnitude of the fractional temperature deviation is given 

y T/T = Bd where B is the transverse velocity in units of c, 

and # is the angular deflection produced by the moving object 

n the frame of the object. The temperature fluctuation is small 

nthe case-of clusters. because the peculiar velocity of clusters 
“ig much smaller than the speed of light. As noted above, strings 
“will ‘naturally move at velocities close to the speed of light. 
However, the results of Birkinshaw and Gull are not directly 
applicable to strings as the gravitational fields of strings are 
different from those of ordinary matter. 

Vilenkin? has shown that the geometry produced by the gravi- 
tional field near a length of straight string is that of Minkowski 
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Fig. 1 The geometry of space-time near a string. A cross-section 
of space-time perpendicular to a length of string as seen from the 
rest frame of the string. The space-time is locally Minkowskian 
but a wedge has been removed and the exposed faces identified. 
According to an observer a string is between him and a source, 
and is moving to the left. He sees two images of the source. 
According to the space through which the left light ray passes, the 
observer is at rest with respect to the source and there is thus no 
Doppler shift. According to the space through which the right ray 
passes, the observer is moving towards the source. Thus the obser- 
ver’s right image of the source is blueshifted with respect to the 
left image. All light rays passing to the right of the string will be 
blueshifted and all light rays passing to the left will experience no 
Doppler shift. Similarly, a string passing between us and the 
‘cosmological photosphere’ will cause a discontinuity in the tem- 
perature of the microwave bacground along its length where it is 
moving transversely to our line-of-sight. 


space with a three-dimensional wedge taken out of each space- 
like slice. The vertex of the wedge lies along the length of string 
and the angle subtended by the missing wedge in the rest frame 
of the string is 87Gpu. The two ‘exposed’ faces are identified. 
Thus space-time remains flat everywhere except along the string 
where it is highly curved. A cross-section of the rest frame, 
perpendicular to the string, is. given in Fig. 1. 

If Gu « 1, then the stress-energy of the string produces only 
small (linear) perturbations from the metric of the rest of the 
Universe. Thus, we may add up the gravitational fields from the 
different sources just as one does in newtonian gravity. Because 
the matter in the Universe does not produce significant perturba- 
tions from the Minkowski metric on scales less than the horizon, 
it is clear that the gravitational field, at a point much closer to 
a length of string than both the horizon size and the radius of 
curvature of the string, will essentially be the same as the 
gravitational field at a similarly located point in Minkowski 
space. In other words, the geometry very near cosmological 
strings is the same geometry which is depicted in Fig. 1. The 
relative velocities of two. objects in this space are ambiguous, 
depending on which way one parallel transports their velocities 
around the string. Because the space in which any particular 
photon travels is a piece of Minkowski space, the usual Doppler 
formulae apply. Consider a length of string moving with rela- 
tivistic velocity perpendicular to our line-of-sight and two nearly 
parallel light rays reaching an observer which have passed very 
close to, but on opposite sides, of the string (see Fig. 1 but note- 












that ‘strings also produce double images). We see that the 

“ambiguity in relative velocities results in a discontinuity in the 
Doppler shift of a source behind the string. Thus, there will be 
discontinuities in the microwave background temperature at 
positions on the sky where strings with relativistic transverse 
velocities are located. It is this discontinuity in temperature 
along curves in the sky which is peculiar to strings. This effect 
has been noted independently by Gott'', 

In the rest frame of the string all particles passing the string 
are deflected by an angle of 87Gu with respect to particles 
passing on the other side of the string. Unlike usual gravitational 
lenses, this deflection is independent of impact parameter as 
long as the impact parameter is much smaller than the radius 
of curvature of the string. Thus the magnitude of the discon- 
tinuity in temperature across the string is 5T/ T = 8%GuB where 
B is the transverse velocity of the string which will typically be 
close to unity. This jump in temperature will persist an angular 
distance away from the string corresponding to the apparent 
angular size of the radius of curvature of the string. The magni- 
tude of the temperature jump is independent of the redshift at 
which the light rays reaching us passed by the string. 

The number density of discontinuities on the sky depends on 
the number of loops appearing on the horizon per expansion 
time which is determined by the efficiency of intercommutation. 
However, it is difficult to see how this process could cause the 
number of horizon size lengths of string per horizon volume to 
decrease below unity. We thus consider one horizon size length 
of string per horizon size to be the minimal model for the 
production of anisotropy. 

We wish to calculate the general properties of the microwave 
sky anisotropy in this minimal model. Let us assume that the 
microwave photons were last scattered at redshift z. In a 
perfectly homogeneous universe, the matter becomes mostly 
neutral and optically thin at z~ 1,000. However, in a universe 
with strings, there will be large-amplitude inhomogeneity on 
small scales and the heat input from objects forming at or before 
ree May reionize the plasma®. If the plasma were kept fully 
‘ionized then z, > 10, so we must have 1,000 > z > 10. The angle 
subtended by a horizon-sized volume of space at z, is 6,,~ 
z;,\/"« 1, What do we expect to see on a round patch of sky of 

diameter 6> z;,'/?? It is clear that the one horizon size length 
of string per horizon volume at redshift z will project to one 
length of string of angular size @ if z < Zis- These strings will be 
moving relativistically as they were unable to straighten them- 
selves out on these length scales before this epoch but will be 
smooth on scales smaller than this. Thus these strings will 
produce line-like discontinuities in temperature with T/T ~ 
8aGy which persist for an angle ~ 6 away from the line. 

Also projected on the sky will be relativistically oscillating 
loops which have already entered the horizon. However, in our 
minimal model one can show that the angular distance between 
such sub-horizon loops is much greater than their angular size. 
Thus, in a beam switching experiment with beam width and 
beam throw ~ 6 it is unlikely that the beam throw would straddle 
a sub-horizon loop, but if @> 6, it would probably straddle a 
horizon size loop. Such an experiment would average over any 
anisotropy due to loops with projected size smaller than 0 and 
would only be sensitive to strings with projected angle of cur- 
vature ~@. For the minimal model we conclude that a beam 
switching experiment on angular scales 0 > z% rad would see 
temperature deviations with magnitude ~8aGp, due mostly to 
horizon-sized lengths of string. As such experiments have 
already been done which do not detect anisotropy of magnitude 
10°* (ref. 10) on angular scales > 10°, we conclude that Gu < 
10°° if any strings exist. For purposes of galaxy formation, 
Gy = 10° has been suggested’. If more strings exist than in our 
minimal model then an even greater anisotropy of ~v N,8aGp 
would be produced, where N, is the mean number of overlapping 
loops of a given size. If anisotropy is ever detected, one could 

«determine whether it was due to strings by looking for line-like 
temperature discontinuities on the sky. From the magnitude of 
the discontinuities. one can read off the microphysical parameter 




















































u- If strings were found in this way it would test the theory of 
general relativity for stress-energy tensors unlike those 
ordinary matter, as well as confirm some ideas about no: 
perturbative quantum field theories. 
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Amorphous solids are made mainly by cooling the liquid bel 
the glass transition. without crystallizing it, a method used sin 
before recorded history’, and by depositing the vapour onto a cold 
plate’, as well as by several other methods**. We report here a 
new way---by ‘melting’ a solid by pressure below the glass transiti: 
of the liquid—and apply it to making a new kind of amorphous 
ice. Thus, ice I has been transformed to an amorphous phase, ; 
determined by X-ray diffraction, by pressurizing it at 77K to i 
extrapolated melting point of 10 kbar. At the melting point, the 
fluid is well below its glass transition. On heating at-a rate of 
~2.6 K min“ at zero pressure it transforms at ~ 117 K to a secon 
amorphous phase with a heat evolution of 42+ ~8 J g`'; and at 
~152K further transforms to ice I with a heat evolution 
92+~15 J g7'. In one sample, ice Ic was formed and in anothe: 
existing crystals of ice Ih grew from the amorphous phase. Heatin 
below the 117K transition causes irreversible changes in t 
diffraction pattern, and a continuous range of amorphous pha 
can be made. Similar transformations will probably occur in al 
solids whose melting point decreases with increasing pressure 
they can be cooled sufficiently for a transformation to a crystallin 
solid to be too slow. 
Several solids, such as ice I, melt with a decrease of volum 
and so the melting temperature falls as the pressure increasés.. 
The melting line usually ends at a triple point, where anothe 
solid phase becomes stable, but, as the solid—liquid transition’ 





Figure 2 plots the compression for four different runs against 
the nominal pressure, assuming no friction. In each run, a transi 
tion started at an estimated real pressure of 10+ ~1 kbar and. 
appeared complete by ~15 kbar. About two-thirds of the volume. 
change occurred in a pressure range of ~0.7 kbar. The transition 
goes surprisingly easily for such a low temperature. For com- 
parison, a similar sample of ice EX at the same temperature did 
not transform below 25 kbar, although it is always metastable 
relative to ice H and also becomes metastable relative to ice VI 
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Fig. 1 The phase diagram of ice in the pressure-temperature 
“plane. The melting line of ice 1 is extrapolated as a dashed line. 


at ~9.4 kbar and to ice VIH at ~12.3 kbar. The ease with which 
ice I transforms at ~ 10 kbar is, therefore, quite unprecedented. 
The specific volumes of liquid water, ice and the new phase as 
function of pressure are represented in Fig. 3, which may be 
read in conjunction with Fig. 1. The specific volume at 77 K of 
ice 1 and of the new phase, both at 10 kbar, are consistent with 
the extrapolated specific volumes of ice I on the liquid-I line 
labelled a), of the liquid on the liquid-I line (labelled c) and 
of the liquid along the 9.8-kbar isobar (labelled d) where the 
dotted lines are extrapolations. The relation of the new phase 
to the amorphous ice made by quenching the liquid can be 
‘understood by the extrapolation of the liquid along the | bar 
isobar (labelled b). 
Figure 4 shows a first-order plot of the heating curve of the 
recovered phase. There are exothermic events starting at ~117 
nd. ~152 K, at a heating rate of ~2.6 K min`’, with a heat 
olution, from two independent experiments, of 42+ ~8 and 
24 ~15Jg7', respectively. 
Two specimens were analysed by X-ray powder diffraction 
~95 KÎ, and microphotometer traces of representative pat- 
erns of the second are reproduced in Fig. 5. Both specimens 
recovered had a halo pattern typical of an amorphous 
material, having its main peak at 3.0 A and with rings and spots 
ascribable to a small amount of untransformed ice Ih. After 
eating the first specimen, which was a powder, to ~130 and 
-170.K and cooling to 95 K, the halo pattern was replaced by 
| ring pattern typical of ice Ic, and the ice Ih pattern remained. 
fter heating to ~200 K, only the ice Ih pattern remained, and 
e original [hcrystals had clearly grown. 
The second specimen was a euhedral fragment ~0.4 mm on 
edge with a small amount of powder. The principal halo was a 
broad peak at 3.0 Av: it narrowed and its position, as measured 
)~95 K, shifted almost linearly with heating temperature, from 
3.0 to.3.65A after heating successively to ~105, ~112 and 
~{135K for ~10 min and further shifted to 3.67 A after heating 
o 155 K. After heating to ~175 K for ~20 min, the halo pattern 
appeared: and. the Ih spots grew considerably, but no Ic 
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Fig. 2 Compression of ice I as a function of the nominal pressure 
on the sample for four independent runs at 77 K and on a volume 
of indium equal to the volume of the indium cup and the ice. 
About |.2cm?’ of water in an indium cup was compressed in a 
steel cylinder by a hydraulic press and the displacement d of the 
piston was measured to 2.5 pm by a dial gauge as a function of 
the nominal pressure p. The pressure of the sample is ~0.9 of the 
nominal pressure. The measured compression was used. with the 
compression of an equal volume of indium!’ to determine the 
compression of the ice. 


pattern was produced. This appears to be the first report of the 
direct transformation of amorphous ice to ice Ih instead of Ic. 
The conditions no doubt gave preference to growth of Ih crystals 
against nucleation of Ic. 

The first halo pattern is undoubtedly of a new dense amor- 
phous solid having its principal peak at ~3.0 A; this is much 
smaller than that of the first ice-Ih triplet centred at 3.65 A or 
the principal peak of amorphous ice made by condensing the 
vapour” or rapidly cooling liquid water'®. The bands are rather 
broad, showing that the interatomic correlations are relatively 
weak, When this phase is heated successively to ~105, ~112 
and ~135 K, the halo moves to longer spacings, the bands 
become narrower and a discontinuous change occurs at ~ 117 K, 
as shown by the heating curves. The discontinuous change is 
probably caused by ‘runaway’ heating. The phase so produced 
resembles the amorphous ice made by condensing the vapour 
or quenching the liquid. 

It seems clear that a new amorphous phase of ice of density 
about 1.31 gcm“? is produced by the transformation of ice Ih 
at 77K and 10kbar, near its extrapolated melting point. Its 
volume appears to increase reversibly on removing the pressure 
and its density decreases to 1.17 gem™°, which is about’ 26% 
denser than the films made by condensing the vapour in the 
range 82-110 K''. On heating, it transforms irreversibly in stages 
towards a phase that in some ways resembles amorphous ice 
made by condensing the vapour or quenching the liquid but is 
clearly different from it, and a discontinous exothermic change 
occurs at ~117 K at our heating rate of ~2.6 K min™'. A wide 
range of amorphous phases could probably be made by carefully 
controlled heating. 

Amorphous solids can now be made in several ways, and at 
least four of them have been used to make amorphous phases 
of ice: condensing the vapour at low temperature, quenching 
the liquid, transforming the crystal at high pressure below the 
glass transition of the liquid, and warming the amorphous phase 
so produced. Each of them can be used to make phases with a 
range of properties depending on the conditions, and further 
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Fig. 3 Graph of the specific volume of ice I_at.1 bar; ice I on the 
liquid-I line (labelled a), the liquid at 1 bar (labelled 6), the liquid 
along the melting curve from 0 to 2 kbar (labelled c), the liquid 
at 9.8 kbar (labelled d), and reasonable extrapolations to 77 K. 
Measured values are represented by full and dashed lines and 
extrapolated values by dotted lines. The densities of ice Ih and of 
the new phase at 77 K and 10 kbar as determined from the com- 
pression experiments, and of the new phase (two samples) at 77 K 
and zero pressure as measured by weighing in liquid and gaseous 
nitrogen, are also plotted. 









zor g 
l 
i -120 
l 
L8 4 
| 
i “di 
Š + x 
ae ~ TK) 
g 16r 
=o -160 
2 fr 
~ Bb | 
2 i | 
1.4 d 
L l 
: | 
L2- | 
| 1180 
lowes emesis eve eed Gina areal Sete ee 
6 i6 20 30 46 30 


Fig. 4 The first-order plot of a heating curve. of the recovered 

phase. The sample was held in a small silvered’glass vacuum flask* 

immersed in a bath of ethanol and carbon dioxide. The heating 
rate was ~2.6 K min™!. 


«studies of them should tell much about how. water molecules 
interact with one another. A possible nomenclature to distin- 


guish the different methods of preparation is _amorph-v, 


amorph-l and amorph-c for the phases made from the vapour, 
liquid and crystal, respectively, and amorph-c-h for the phases 


made by heating the phase obtained by transforming the crystal 


at low temperature. 

The transformation crystal-to-amorph-c is obtained surpris- 
ingly easily for such a low. temperature. This suggests that the 
crystal becomes unstable and transforms, presumably at its 
surface, to a phase resembling the supercooled liquid. It is not 
reversible on the ordinary laboratory time scale and so is not a 
true melting, and may be viewed as a new kind of transition—an 
easy transformation of a crystalline solid to a dense amorphous 
solid. 

Similar transformations will probably occur in all solids that 


have negative volumes of melting: when a transformation to a` 


crystalline solid is too slow. Obvious examples are the structure 
clathrate hydrates, specifically tetrahydrofuran clathrate 






ammonium fluoride 1? ammonium fluoride monohy- 
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Fig.5 Representative microphotometer tracings. of diffraction 
patterns of a homogeneous sample of the new phase taken i 
flat-plate X-ray camera. The temperature was controlled to + ~5. 
by flowing nitrogen gas and was measured by a thermocouple 
placed near the specimen. Photographs were taken at ~95 K using 
zironium-filtered molybdenum radiation”. : 


drate, indium antimonide'* and seias which may tr 
form to an amorphous. phase at ~10, ~20; ~50 
~170 kbar, respectively, at 77 K. Other s candidates 
amorphization in this way are graphite, diamond, ‘silicon, g 
manium, cubic and hexagonal. boron nitride and. phos 
and graphite-like boron nitride. A transformation to an amc 
phous phase, rather than to a supposed metallic crystallin 
may limit the maximum force that can be applied to; diamo! 
and other tetrahedral compounds at low temperatures and 
limit the pressures attainable in diamond anvil apparatuses. Thi 
transformation crystal-to-amorph-c in ice and clathrate hydra! 
may occur in planets formed by the agglomeration. of CO 
particles of ice I or clathrate hydrate. 

An obvious way to transform an asymmetrical to a sy 
metrical hydrogen bond is to squeeze ice 1'6. To compress t 
O-O distance of 2.75 A to the ~2.4A needed for centrosy: 
metrical bonds would require only some tens of kilob 
Unfortunately, ice transforms to the amorphous phase at mu 
lower pressures. 
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‘The concept of hydration forces (bound water) has long been 
applied to colloid science and its biological applications'"’. 
While these repulsive forces have been demonstrated experi- 
‘mentally in many cases’”*"' our understanding of them remains 
uncertain’ *'*, Their best definition is perhaps as the discrepancy 
tween experimental results and the currently accepted Gouy- 
Chapman-Stern/Derjaguin—Landau-Verwey-Overbeek (GCS/ 
DLVO) theories. We have found that a new repulsive force is 
predicted by application of the Debye—-Hickel~Manning (DHM) 
approach to double-layer overlap'™" using the ion-binding/ion- 
bouncing model (IBBM)"*. This new force arises when overlapping 
double layers approach each other in such a way that the co-ions 
are completely expelled and counter-ions are squeezed into a 
‘smaller volume. The magnitude of these repulsions is of the order 
of hundreds of atmospheres at close separations. We therefore 
uestion the current interpretations of these forces with the warning 
hat the electrostatic model outlined below needs further elabor- 
ition for neutral and weakly charged surfaces’. 
The DHM approach is based on two assumptions. First, that 
fitical conditions of surface charge density exist which deter- 
mine the onset of counter-ion adsorption. This assumption has 
been successfully exploited by Manning in his formulation of 
limiting laws for polyelectrolytes’*'*. Second, the Poisson 
‘equation must be used self-consistently, that is, the linearization 
of the non-linear Poisson—Boltzmann equation is desirable, in 
principle, to satisfy the linear additivity of electrostatic poten- 
tials. The first assumption may be viewed as a consequence of 
‘the second requirement. 
_... The DHM approach leads directly to the IBBM model that 
_ -is shown in Fig. | for two overlapping double layers. The solvent 
“molecules are not shown, but it is assumed that their molecular 
motion averaged over time and space gives rise to a phenomeno- 
logical dielectric profile. The ions, although shown discretely, 
are also in molecular motion, and their distribution can, on 
average, be treated in terms of continuous surface and volume 
charge densities. We thus have a model to which macroscopic 
theories of matter (electrostatics, classical thermodynamics, 
hydrodynamics) can be applied in a self-consistent manner. The 
-main feature of the IBBM model is that adsorption phenomena 
are necessary to satisfy the electrostatic self-consistency de- 
manded by the theory. The adsorption is assumed to be both 
two-dimensional, in the plane a (counter-ion monolayer bind- 
ing), and three-dimensional, in the volume between the planes 
and b (counter-ion atmospheric binding). Although this pic- 
ure is intuitively appealing, | it also arises out of necessity for 
lectrostatic self-consistency'®. The electrostatic problem in Fig. 
is immediately solvable for two limiting cases: (1) a= b, no 
‘on-bouncing; and (2) o,(+)=0, no monolayer adsorption, 
vhere o is the primary surface charge density. In general, 
“however, one additional condition must be specified; the atmos- 
pheric~monolayer binding condition has worked well in three 
‘other unrelated phenomena’, and is used here also. The condi- 
tion defines a constant K, as 
b 
_ f a f2 dx a) 
oal +) 


od 


where p, is the counter-ion volume charge density between a 
cand bas given by the DH theory. Figure | and one extra- 
‘electrostatic condition, such as equation (1), completely define 
the IBEM model. 

When we push the plates in Fig. I together. at constant primary 
surface charge density o)(~), we arrive at a critical separation 
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Fig. 1 The overlap of two double layers with negative charge 
densities o,( — } that are separated by distance 2d. The counter-ions 
are adsorbed as a monolayer @„{ +) at their distance of closest 
approach a, and also as a volume charge density between the 
distances a and b. The unknown exclusion boundary b is deter- 
mined by the thermal electrostatic potential of co-ions ph = 

kT/z_e. At the critical separation distance d* =b all co-ions are 
expelled, when there is an onset of a strong electrostatic repulsion 

as d approaches a. For the data in Table 1, d* = 377 A. 


distance, d* = b. At this point all the co-ions are expelled from 
between the plates. The d* is given by 
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where g, is the local dielectric constant between a and b, and 
A (analogous to the DH «) has been defined elsewhere’ ?; yi™ 
and w‘* are the thermal electrostatic potentials of the co-ions 
and the counter-ions'”. When the plates are far apart, d > d*, 
it is easy to recover the GCS/DLVO exponential force law for 
the repulsions between the plates. However, when the plates are 
close to each other (d <d*), the midpoint potential w(d) is 
given by 


K, o(~) l 
+ +K, Eo£2A Sinh [A (d —a)] 





w(d)= y + (3) 
It now follows that the osmotic pressure that pushes the plates 
apart is 


Ap = beoh? {e3x? — EA °} +3e982A°W"(d) (4) 


This pressure may reach the order of kbars if we try to push 
the plates together completely (d =a). The details of these 
calculations will be given elsewhere but it can be appreciated 
that in some cases the hydration forces may be coulombic 
repulsive forces between ‘adsorbed’ counter-ions when the plates 
are pushed together in the absence of co-ions (d < d*). 

An example of a successful quantitative application of 
equations (3) and (4) is given in Table | using experimental 
data for montmorillonites for comparison”. The quantitative 
agreement is satisfactory, and the attractive van der Waals’ 
pressure is n 0 Å). Simi over the whole range of separation dist- 
ances (10-80 ). Similar agreement is to be expected for other 
clay systems*?. The sudden increase of the repulsive pressure 
from 7 to 881 bar on going from 30 to 10 A separation is notable. 
These preliminary results suggest that the hydration forces are 
not separable from the coulombic double layer forces. 

To quantify the hydration forces as the difference between 
the GC/DLVO theory and the experiment is to place too much 
















= Table 1 ‘Comparison between experimental and calculated double- 
layer pressure 





2d Pixy Pe Pek 
(A) (bar) (bar) (bar) 
10 bx 881 8.95 
15 a 71.5 2.14 
20 = 24.2 0.74 
30 6.7 7.1 0.15 
35 4.8 4.7 0.08 
40 3.4 3.3 0.05 
50 2.0 1.9 0.02 
60 1.4 13 0.01 
70 1.0 0.9 0.00 
80 0.7 0.6 0.00 


monnen 

The experimental values are estimates from Fig. 10 in ref. 9 as 
midpoints between the two bounding curves for a variety of montmoril- 
lonites. The conditions are: To= 14:0 pCom™, -1/« = 305 A, 1/4 = 
430 A. The parameters are: a =4.0 Å (radius of Na” ion plus diameter 
of H,O molecule), ¢,= 78.5 (dielectric constant of pure water), and 
K, = 0.00585. The attractive van der Waals’ pressures were calulated as 
in ref. 9. 

* At higher concentrations the double-layer repulsion becomes com- 
parable (and smaller) than the van der Waals’ attraction. 


faith in the nonlinear Poisson—Boltzmann equation (NPBE) on 
which the GCS/DLVO theory is based. It is well known that 
the GCS. theory is difficult to test experimentally”, and 
moreover, the NPBE violates the important electrostatictheorem 
of additivity of electrostatic potentials. Indeed, the following 
pattern is now emerging from a variety of fields of colloid science 
(differential capacities”, monolayer studies?!??, double-layer 
repulsion studies): whenever the GCS theory should show its 
strength over the linearized Poisson—Beltzmann equation 
(LPBE}, which is also called the Debye—Hiickel approximation, 
some kind of adsorption or postulation of new ad hoc effects 
must: be invoked to account for the experiment, particularly at 
short distances and at high surface charge densities. On the 
other hand, the IBBM, which is based on the electrostatically 
self-consistent LPBE, in fact requires that some kind of ionic 
adsorption must occur at certain critical conditions and beyond. 
The phenomenological nature of the model (smoothed, mobile 
charge densities) is also consistent with the models that account 
for the peculiar dielectric properties of colloid systems? 
These models are based on the idea of ‘surface’ conductance, 
that is, on the mobility of ‘bound’ ions. Similar ideas are also 
prevalent in the field of polyelectrolytes'®, 

Note that Langmuir derived a special limiting case of a large 
double-layer force on the assumption of infinitely large surface 
charge density (absence of co-ions)**, However, the Langmuir 
limiting force has the incorrect concentration dependence. 
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radiation damage which can be preferentially etched, making wh: 
is called a track’. Such nuclear tracks have numerous application 
in many disciplines, including cosmochemistry and astrophysics 
Fleischer et al.?, for example, identified cosmic ray nuclei heavi 
than Fe by means of fossil tracks recorded in meteoritic crystal: 
Attempts to use tracks in meteorites to study the chemical composi- 
tion of ultraheavy cosmic rays, however, have led to ambiguou: 
results (see ref. 3). One possible reason for this lack of success: 
has been the absence of calibrations for ions heavier than krypton. 
because no particle accelerator could accelerate them to sufficient! 
high energies. This barrier has been removed by the recent acceler. 
ation, at the Bevalac of the Lawrence Berkeley Laboratory, ol 
uranium ions to relativistic energies*~*. The. results on tracks o 
8U ions of 190 MeV per nucleon in olivine that we now report, 
are the first of this kind obtained with a mineral nuclear trac! 
detector. They show that the etchable part of a U ion trail | 
surprisingly long (nearly 3 mm). These results have an importan 
bearing both on the interpretation of cosmic-ray tracks in: luna 
and meteoritic crystals, and on models of track formation 
minerals, : i 

Only part of the ion path can give a track, that where the 
tadiation damage is the highest, near the end of the range. The 
heavier the ion, the longer the part of the ion path that can b 
revealed, Thus, in principle, the measurement of the length o 
a track should permit the identification of the atomic number, 
Z, of the ion which induced it, if the track is contained entirely 
within the volume of the crystal (that is, it does not interse 
the surface). Cracks or cleavages are generally used to allow 
the etchant to reach such a track, as in the TINCLE technique 
of Lal et al’. Obviously, it is important to measure the trac 
lengths corresponding to known ions. Until recently, this w; 
impossible for all ions heavier than Kr (Z = 36). The Bevalac 
transformation*” has changed the situation, and allowed-us to 
observe tracks produced in olivine by U ions of relativistic 
energy. 4 

Olivine ({Mg, Fe}, SiO,) was chosen because large crystals 
of this mineral are found in some meteorites which can be used 
for ultraheavy cosmic-ray track studies’, Large olivine crystals 
(several millimetres in size) of both meteoritic and terrestrial 
origin were mounted in epoxy resin and polished, then irradi- 
ated, at the Bevalac, by U ions under different geometries. The 
U ions, accelerated to 260 MeV per nucleon, had to traverse’a 
60 gcm™ polyethylene beam pipe window and 1.2m of ait, 
before reaching the targets. In addition, a 0.5- (or 0,87-)mm 
thick lead absorber was placed in front of the targets to degrade 
































































e ion energy and reduce the range of the ions to the dimensions 
of the crystals. The energy at entry of the olivine crystals is 
salculated to be 190 (or 155) MeV per nucleon (ref. 8). In type 
| targets, crystals were irradiated perpendicularly to the polished 
urface. As the energy of the incident ions was expected to be 
oo high for the tracks to be etchable from the ion-bombarded 
surface, the crystals were cut, before the irradiation, at about 
mm from that surface, so that the etchant could reach the 
tchable part of the tracks, in a way similar to the TINCLE 
échnique’. The two new surfaces were polished, then put back 
nto close contact with each other for the irradiation. After 
“etching both crystal pieces, the tracks could be observed with 
‘a microscope through the top or the bottom surfaces (also 
_polished). On targets of type 2, the U beam made an angle of 
35° with the polished surface of the crystals. After irradiation, 
the crystals were repolished, the new surface making a small 
-angle (~17°) with the previous one. In this way, the crystal 
urface intersects the U ion trails at all values of the residual 
ange, from 0 to the range of the incoming ions. This method”'® 
permits one to measure the track etch rate as a function of the 
residual range. The crystals were etched in the etchant of Krish- 
naswami et al.'', modified as in ref. 3, and the pH was adjusted 
to give the largest values of both the track etch rate and the 
ratio of track etch rate to bulk etch rate (M. Maury and C. 
“Perron, in preparation). 
Figure | shows a photomicrograph of two crystals of type 1, 
vith very different track densities, etched for 167 h (a) and 127 h 
b), after irradiation by 190 MeV per nucleon U ions. As expec- 
ted, tracks are seen on both sides of the cut. In Fig. 1a, the total 
-etched length is ~1,350 um, but short etch pits are visible on 
the edge where the ions penetrated the crystal. This means that 
e tracks are, in fact, etchable all the way from the entrance 
urface to the end of the range, that is, to a length of 2,770 um, 
Gr a few tens of micrometres more, if one takes into account 
the thickness of crystal which has been etched away. This is 
confirmed by the presence of shorter tracks, revealed through 
y natural crack in the crystal, or from the upper surface, and 
aligned with longer portions, etched from the cut. In Fig. lb, 
several cracks allowed some tracks to be revealed on the major 
part of their etchable length, In fact, the total etchable length 
yf U tracks must be longer than what we measure, since the 
tracks are already visible at the surface. However, the etch pits 
are only 20-70 um long after a 167-h etching, indicating an etch 
rate so low that we must be very close to the actual end of the 
chable portion of the tracks. 
In principle, it should be possible to reveal the tracks com- 
pletely by simply etching them for a longer time. In practice, 
this is not so simple. Figure 2 shows the results of track length 
< measurements performed on two fragments of a crystal of type 
“2, irradiated by 155 MeV per nucleon U ions. The two sets of 


Fig. 1 Photomicrographs of 190 MeV per nucleon U ion tracks in two olivine crystals, etched for 167 h (a) and 127h (b). The U ions entered 
the crystals from the right edge, where etch pits can be seen. The crystals were sawn before irradiation to permit revelation of the tracks. In 
b, the two pieces of crystal have been slightly misaligned after etching. 





points represent the variation of the etched track length as a 
function of residual range R, after etching for 3h and 16h. 
After the shorter etch, no tracks were revealed for R > 1,200 pm. 
It is on the basis of such results that it has been erroneously 
argued that the total etchable length of U tracks was ~ 1,300 pm 
(ref. 12, 13). Below R~ 400 pm, the etched track length (and 
thus the etch rate) is roughly constant, a feature predicted by 
the track model of Dartyge et al.'*. After the longer etch, tracks 
are revealed at all R, up to 2,000 um (that is, the range of 
155 MeV per nucleon U ions is olivine), but now the etch-rate 
plateau extends up to 1,000-1,200 pm. 

Three conclusions can be drawn from these observations: (1) 
there is a considerable increase in etch rate, for R > 1,000 pm, 
after the first 3h of etching, or, there is a time delay before 
etching really starts, which is longer at high residual range; (2) 
conversely, there is a considerable decrease of etch rate as the 
tracks get longer: for R < 400 um, the part of the tracks etched 
during the first 3 h has about the same length as the additional 
part etched during the 13 h following; (3) as a consequence of 
this last point, the etch rate becomes more and more dependent 
on the track length that the etchant has to pass through, and 
less and less dependent on the residual range; hence the etch 
rate plateau. Part of the plateau observed after the 3-h etch is 
due to this effect—although a plateau due to a saturation of the 
radiation damage does exist, as evidenced by experiments made 
with low-energy U ions—since the etch rate (~25 pm h™') is 
already significantly lower than the value observed for a very 
short etch (~60 um h™' for a 20 mn etch). The last two points 
are quite understandable: it obviously gets more and more 
difficult to renew the etchant through the long and narrow 
tunnels that go to make up the tracks, so that the etch rate 
decreases with time, and finally tends to zero, whatever the 
radiation damage. Although trivial, this is perhaps the most 
important point of this study. It is, by itself, sufficient to explain 
why no reliable quantitative data on ultraheavy cosmic rays 
have ever been obtained from the study of tracks in meteorites: 
the measured track length distributions reflect essentially the 
difficulty of etching long tracks, which varies with track orienta- 
tion, and most probably the chemical composition of the crystals, 
and very little the charge composition of the ions which pro- 
duced the tracks. 

Is this method then doomed to failure? The answer is unclear, 
because other factors also have a role'*"'*, but in any case, one 
has to realize that the etchable part of the tracks must be fully 
revealed, if one wants to identify the ions which induced them. 
One way of doing this is to take advantage of cracks in the 
crystal (Fig. 1b). The problem is that it is not usual to find 
crystals with many regularly-spaced natural cracks. A solution 
might be to use heavy-ion irradiations through very narrow slits, 
at ~90° to the long tracks one wants to reveal, and at regular 
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Fig. 2 Measured etched track lengths as a function of residual 

range R, for 155 MeV per nucleon U ions, in two pieces of the 

same olivine crystal, etched for 3.h (lower points) and 16 h (upper 

points). Points corresponding to fully etched tracks (at low values 
of R) have been omitted for clarity. 


intervals, all over the crystal surface. Very encouraging pre- 
liminary results have been obtained, using.14 MeV per nucleon 
‘Xe ions from the GSI (Darmstadt, FRG) accelerator. The need 

for such an etching from several points along the ion paths is 
supported by the variations in ‘diameter’ of some tracks 
(Fig. 1b), which correspond to places where the longitudinal 
etching has been blocked for some time, while the etched chan- 
nels were enlarging. This etch-blocking phenomenon is not 
clearly understood, but it is not unusual in olivine”? 

Models based on the existence of a primary ionization thresh- 
old for track registration predict a length of ~800 ym for U ion 
tracks in meteoritic minerals’, in striking disagreement with our 
observation. This confirms that the idea of an ionization thresh- 
old is wrong'®'*. However, the length of ~800 pm is deduced 
from athreshold value based on data on light ion tracks (Z =< 26). 

“Note that krypton (Z = 36), which produces tracks in olivine 
below 10-11 MeV per nucleon (ref. 10), at this energy induces 
about the same primary ionization as a 180-200 MeV per nucleon 
U ion. The threshold notion may thus be a useful approximation, 
provided it is applied to a limited charge range. For Pb ions, 
one then predicts a total etchable length of 1,600-1,800 um. This 
should be experimentally verified. If true, it would mean that 
the track method potentially has an excellent charge resolution 
to separate the cosmic ray U-group from the Pb-group, in 
meteoritic crystals. 

I thank H. J. Crawford and D. E. Greiner for help with the 
Bevalac irradiations, C. B. Moore, V. P. Perelygin and H. J. 
Schubnel for the olivine samples, M. Bourot-Denise for help 

< With the preparation of the targets, and P. Pellas for enthusiastic 
. and fruitful support. Critical comments by S. A. Durrani are 
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A few studies of the quality factor Q (the ratio of peak-t 
dissipated energies of seismic waves) in the Earth’s mantle ha 
used a limited data set of spectral ratios for body waves’. Mi 
estimates of Q have come from the analysis of surface waves a 
free oscillations, but use of such data to estimate Q in the di 
mantle suffers from a significant lack of resolution. To imp 
this resolution in the lower mantle, we have compiled a’ large da 
base of digital, short-period P-wave recordings from undergr 
nuclear explosions, We have analysed P and PP waves to devel: 
a set of t* (seismic travel time divided by effective path Q) stati 
corrections corresponding to the upper mantle beneath each Stat: 
and a ¢*~distance profile. The t*~distance profile is inverted 
determine a Q~-depth profile for the lower mantle. A therm 
activation model used to interpret the Q-depth profile and 
estimate a lower mantle geotherm, enables a thermal. bound; 
layer to be identified in the lowermost 200 km of the mantle. Th 
boundary layer is large enough to be indicative of mantle conv 
tion driven by heat flow from the Earth’s core. 
Currently, t" is in widespread use to describe the attenuati 
of body waves in the Earth. In the frequency domain, 
attenuation operator acts on the seismic signals in the form 


S(f) = Soff) 7" 


where Sy is the unattenuated signal, S is the attenuated: sig 
and f is frequency. Analysis of two P waves from a comm 
event permits the determination of the difference in 1” (dt) 
the two paths, assuming Q is independent of frequency ini 
0.5-5.0 Hz passband. This is possible because. the observ 
signal amplitude spectrum (S) is composed of the source fu 
tion (C) modified by i" in the upper mantle beneath the sour 
(U), a distance-dependent ¢* (D) caused by attenuation in th 
middle and lower mantle, t* in the upper mantle beneath 
recording site (R), and geometrical spreading (G) according 


Ssi) = GC(f) e 7 U +tD*+R) 


Ignoring geometrical spreading which does not change the shap: 
of the spectrum, the ratio (A) of the spectra of the two P wai 
from a common event is 







































A(f) = eM, +R DR) 
dt” for the two P waves is therefore 
dt* = D +R, ~ D+ R; 


and can be computed from the slope of the log of the spectr 
ratio in the frequency domain. 

Analyses of the spectra of 147 P waves from 31 undergrou 
nuclear explosions in the western Soviet Union, recorded at 
stations in North America, provided 341 measurements of df’ 
These measurements utilized the maximum usable bandwidt 
and averaged 0.6-3.4 Hz. These data are inverted using th 
successive approximation technique to determine upper mant 
t* values for each station (Fig. 1) and a distance-t* profile (Fi 
2). The determination of absolute station corrections is possib 
by adjusting them so that a reference station on the Canadia 
Shield is 0.0. The station terms therefore measure the anomalou 
attenuation under each station relative to what is observed for 
the high-Q upper mantle under the shield. It is possible to. 
determine an absolute value for the distance-r* relationship, as 
recordings of P waves at the bounce points of PP waves wet 
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Fig. 1 ¢* station corrections. Station corrections in seconds have 
been adjusted so that the Canadian Shield site is 0.0. The correc- 
tions therefore measure the anomalous attentuation of the upper 
; mantle relative to a typical shield site. 
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Fig..2 :* plotted against distance. Error bars indicate the 95% 
Confidence limits on the shape of the curve. Dashed lines indicate 
the 95% confidence limits on the absolute level of the curve. 


dentified in the data base. Assuming that the recorded P wave 
it the bounce point is representative of the reflected wave, it is 
ssible to measure absolute t* on the path from the bounce 
int to a more distant station recording the PP wave, using the 
tral ratio of the two signals. The distance~r* profile is 
verted to determine a Q-depth profile (Fig. 3) using a ray 
cing. formulation” and a specific velocity model®, Included 
ith the new Q-depth. profile are two earlier determinations. 
8° was determined using free oscillation data and is observed 
agree in overall level above depths of 2,000 km, but clearly 
sagrees below that depth. SLI” is similar to SL8, except that 
dy wave constraints were included in its determination. Model 
indicates a higher Q in the lowermost mantle which is more 
line with the results of this study. Observed differences in 
mng- and short-period Q estimates lead directly to the current 
scussions of frequency-dependent O. All three models indicate 
dramatic:drop in Q in the lowermost 200 km of the mantle, 
monly known as D”. Diffraction of the waves by the core 
mplicates the interpretation in D” especially for the long- 
period studies. Because this study used short-period P waves, 
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Fig. 3 Comparison of Q models. SL8 model is derived from free 
oscillation data. SLI is derived from free oscillation data with 
some constraints as a result of body wave analysis. The dark curve 
is obtained from the exclusive analysis of P waves and PP waves. 
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Fig. 4 Lower mantle geotherms for thermal activation model. 

Curves B and E represent cool mantle models while curves H and 

I represent warm mantle models. Note the strong thermal boundary 

layer at the base of the mantle and its general agreement with the 
convecting mantle model. 


diffraction effects contaminate the results only beyond 96° which 
corresponds to waves bottoming i in the lowermost 20 km of D". 
Many investigators” ' have examined other aspects of seismic 

wave propagation in the lowermost mantle and indicate that its 
fundamental properties are different from most of the mantle. 
Chemical change and/or thermal boundary layers. have been 
offered as possible interpretations for this change in observed 
mantle properties. 

Independent of the specific mechanism which determines 
Q in the mantle, 4 temperature—pressure dependence is antici- 
pated. This dependence is postulated to be a thermal activation 
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essed by 
E*+pv* 
T o 
where E* is the activation energy, V* is the activation volume, 
T is temperature, P is pressure and Qo and R are constants. 
There is no intention to exclude other models for attenuation. 
The advantage of the thermal activation model is that it utilizes 
parameters which are constrained by other geophysical evidence. 
In this analysis, the pressure-depth profile’ is not varied and 
the temperature above D" is obtained by extrapolating the 
1,000-km temperature of 1,800-2,500 K. with an adiabatic 
gradient of 0.3-0.4° km™'. Using these constraints, a family of 
models is determined which fit the Q-depth profile and require 
an activation volume of 2.0-2.5cm* mol”! and an activation 
energy of 90-115 kcal mol`’. These values are well within the 
allowable ranges determined from other independent measure- 
ments'*'*-'”, The geotherm (Fig. 4) indicates that most of the 
lower mantle is adiabatic which is consistent with a convection 
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n temperature is ol 
core~mantie boundary. This is’ best interpreted as 
boundary layer and predicts a core-mantle boundary. tem: 
perature of 2,900-3,300 K for cool mantle models (curves B an 
E; 1,800 to 2,000 K at 1,000-km depth). This core~mantle bour 
dary temperature is in agreement with extrapolations of th 
Fe-FeS eutectic melting temperature". The warm mantle mode 
(curves H and I; 2,400 K at 1,000-km depth) predict a core. 
mantle boundary temperature of 3,500-4,000 K and are in rea 
sonable agreement with published convection models for manti 
convection driven by heat flow from the Earth’s core’. 
appearance of a single boundary layer at the base of the man 
argues against convection in a. chemically distinct D", whic! 
would possess two boundary layers”, assuming the the: 
activation model predominates in determining the observe 
and there is no depth dependence in E* and/or V*. Oth 
physical models for Q in the mantle could permit a chemicall 
distinct D” consistent with the observed Q-depth profile. 
I thank Drs Peter Olson, Ralph Alewine and Bruce Mars 
for helpful suggestions and assistance. 
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Cooling and contraction of the oceanic lithosphere with age is 
reasonably well described by simple thermal models. Both ‘plate’ 
models'* and ‘half-space’ models™” give similar results up to 
ages of 50-70 Myr but predict quite different behaviour for sea 
floor depth, heat flow and other parameters in old basins. Tests 
of thermal models have been mainly based on topography data*** 
which are biased by anomalous shallow regions. Altimeter- 
equipped satellites offer a new type of observable quantity—geoid 
height data—which can also constrain lithospheric cooling 
models'®. We present here new observational constraints on the 
thermal cooling models of the oceanic lithosphere, based on analy- 
sis of geoid data over the whole Pacific Ocean. We find that the 
data closely follow the behaviour predicted by plate models and 
that they suggest the existence of two distinct cooling regimes, 
one for sea floor ages £30 Myr, the other for ages >30 Myr. 
Cooling of the lithosphere causes the geoid height to decrease 
uniformly with increasing plate age, symmetrically away from 
the ridge crest''~'’. This geoid slope is, in turn, responsible for 
the observed geoid offset across fracture zones because of the 
resulting abrupt change in plate age on the two sides'*"'’, While 
the change in geoid height due to lithospheric cooling is typically 
5-10 m over distances of 1,000-2,000 km, it is very difficult to 
isolate it from other unrelated long wavelength anomalies. The 
geoid offset at fracture zones has a step-like signature, downward 
from the younger, shallower side to the older, deeper side, with 
amplitude ranging from a few tens of a centimetre to a few 
metres. over distances of 100-150 km. This characteristic is 
mostly easily detectable and presumably has little contamination 
from features unrelated to cooling. This geoid offset, Ah, divided 





by the age offset, At, approximates the derivative with respe 
to age of the geoid slope, A(t), due to lithospheric cooling, © 
Thus, if the age of each side of the fracture zone is known 
the observed dependence of Ah/Art on age can be used ti 
compare the theoretical curves derived from cooling models 
allowing some model parameters to be estimated. ae 
We have previously’? analysed geoid height data across. the 
Udintsev fracture zone (south Pacific) derived from the Séasa 
satellite and found that geoid data were incompatible with 
half-space models.and followed the behaviour predicted by plat 
models. We derived two parameters: (1) the thermal thickness 
H, of the plate; and (2) the product of three quantities: bottom 
boundary temperature, Tn, thermal diffusivity, x, and volumi 
coefficient. of thermal expansion, a. To fit the data associated 
with plate ages <30 Myr, a plate thickness, H, in the rang 
50-70 km. was estimated whereas for larger ages (>30 Myr 
geoid observations were better explained by a larger value of 
H in the range 70-90 km. We interpreted the small plate thick. 
ness found for ages <30 Myr as evidence of a local. therma 
anomaly possibly linked to the presence of a hotspot in th 
Eltanin region. We have extended this approach to many other. 
fracture zones of the south Pacific and north-east Pacific (details. 
of the latter analysis will be presented elsewhere'’). More than 
15 different fracture zones have been considered and ~85 geoi 
offsets have been collected over a large area extending from 
60°S to 40°N and 80° W to 160° W in the Pacific, covering 
plate age range of ~60 Myr. In addition to these, four offset 
from the Amsterdam fracture zone in the south-east India 
Ocean are also considered here. The quantity Ah/At is estimates 
using the method proposed by Crough'*, and described in re 
18, to measure the geoid step: examples of geoid offsets ar 
shown in Fig. 1. Then, using all these Ah/At estimates, the: 
observed dependence of Ah/At on age has been derived. A 
log-linear plot of this relationship is shown in Fig. 2. 
It is easy to show theoretically that Ah/At~2a7G/ gp,,0KTm 
at all ages in the half-space models and at t= 0 in plate models’. 
while in the latter, Ah/At ~4aG/gp,,aKT» exp (~rt H?) a 
larger ages (G, gravitational constant; g, mean surface gravity; 
Pm, Upper mantle density). Thus, in the latter case, In (Ah/At). 
decreases linearly with age. The theoretical dependence of 
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‘Fig: 1 Profiles of geoid offsets across fracture zones. The step is 


measured between the two parallel solid lines representing the 
regional trend. 
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‘Fig. 2 Observed In (Ah/At) plotted against age. The geoid offset 

T Ah has been measured across many fracture zones of the Pacific 

Ocean. Four data points are associated with the Amsterdam frac- 

“ture zone (south-east Indian Ocean). Solid lines are the regression 
lines fitting the data. 


In (Ah/At) on age computed for different values of the plate 
‘thickness, H, and two sets of the parameters (a, K, Tm) is shown 
Fig. 3. These curves refer to plate models. because half-space 
nodels predict a horizontal straight line for a given set of (a, 
Ta). 
`: From Fig..2, we note that: (1)the data show the linear decrease 
‘ith age predicted by plate models, as long as t is not too small; 
there seem to be two distinct linear trends, one characterizing 
‘age range 0-30 Myr, the other, the age range 30-60 Myr. A 
gle set of thermal parameters cannot fit the whole data set; 
ther, the two distinct trends could be explained by two distinct 
alues of the plate thickness, H, as proposed from geoid data 
across the Udintsev fracture zone only'®. These data contribute 
0 ~27% of the present data set and if removed, the two trends 
are still observed. 
_ We fitted regression lines by least squares to the two groups 
of data (0-30 Myr and 30-60 Myr), as shown by solid lines in 
Fig. 2. The slopes of the regression lines give the quantity x/ H 2, 
Thus, H can be determined if x is assumed to have less uncer- 
nty than H. The intercept of the regression line gives the value 
@xT,,, and thus gives aT,, if x is known. For the two age 
anges 0-30 Myr and 30-60 Myr, we deduce plate thickness 
values of 66 + 5 km and 92+ 6 km, respectively, Earlier analyses 
of geoid offsets across fracture zones were all devoted to the 
Mendocino fracture zone (north-east Pacific)’. These studies 
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Fig. 3 Theoretical In(Ah/At) versus age curves (‘plate’ model) 

computed for different values of the thermal thickness, H. Solid 

curves correspond to the (a, x, Tm) values fitting the geoid data 

while dashed curves correspond to the (a, K, Tm) values determined 

by Parsons and Sclater”. The dashed curve with H = 125 km corre- 
sponds to the preferred model of these authors. 
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Fig. 4 Plot of observed In(Ah/At) versus age using geoid offset 

data across the Mendocino fracture zone, estimated in earlier 

analyses'*-'”, No error bars were produced for some of these data. 

Data sources: A, ref. 15; ©, ref. 16; D, ref. 17. Note that the 

Sandwell and Schubert data'® are systematically higher than the 

other data, possibly as a result of the method adopted to estimate 
the geoid step. 





considered a very limited selection. of points (between 11 and 
18, compared with the 85 data points shown in Fig. 2, <20% 
of the data set considered here). Moreover, these analyses had 
only a few points (3~7) associated with ages. <30 Myr, with a 
minimum age of ~16 Myr. Thus, it is not surprising that these 
preliminary investigations did not show the two trends reported 
here. However, they do show a similar linear decrease to our 
more global data set for plate ages older than 30 Myr (see 
Fig. 4). 

The present results indicate that geoid observations favour 
plate cooling models (which predict that sea floor depth departs 
significantly from the linear increase with the square root of-age 
beyond ~70 Myr in approaching a constant asymptotic value). 
Such a model requires a supply of heat at the base of the slab 
if a balance is to be reached in old basins between the heat 
supplied from below and the heat lost by conduction through 
it. The geoid-derived thermal thickness differs significantly from 
the thickness (H = 125 km) determined by Parsons and Sclater? 
using topography data in the north Pacific (the In (Ah/ At) curve 
constructed with the Parsons and Sclater parameters is plotted 
in Fig. 3). The latter parameters are widely used as reference 
values to define the standard sea floor subsidence with respect 
to which depth anomalies are estimated. However, the depth—age 
relationship deduced. from the geoid-derived parameters pre- 
dicts a lesser.sea floor subsidence, and thus smaller positive 








Myr, t the thential thickness of the slab appears ~25 km thinner 
than beyond 30 Myr, suggesting that the T isotherm is uplifted 
in the younger portion of the plate. This may be interpreted in 
terms of thermal perturbation near the ridge crest. 

This study was supported by the Centre National d’Etudes 
Spatiales. 
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The magnetic fraction of some Cretaceous—Tertiary (K-T) boun- 
dary sediments sampled at two locations in Italy, contains a 
spheroidal component which has retained some relict mineral 
textures and, possibly, mineral chemistry from the K-T event. The 
spheroids contain small crystals (1-50 pm) of magnetite in a highly 
altered groundmass. These crystals are commonly skeletal, indicat- 
ing formation by rapid growth from a high-temperature liquid. 
Variable concentrations of Ni, Mg and Al (differing by at least a 
factor of 5) in the magnetite may also reflect a relict chemistry. 
These spheroids contain higher concentrations of Ir and probably 
other siderophiles than the bulk sediment and may have been an 
important carrier for these elements at 65 Myr. This discovery 
supports evidence for a major accretionary event at the end of the 
Cretaceous. 

We have sampled the magnetic fraction of K~T boundary 
sediments from Furlo and Petriccio in Italy to characterize 
magnetite-bearing spheroids reported by Montanari et al. 
Three types of microtektite-like spheroidal materials occur in 
K-T boundary sediments: sanidine-, glauconite-, and magnetite- 
bearing spheroids’. The sanidine- -bearing spheroids’, have oxy- 
gen isotopic compositions** suggesting authigenic replacement 
of a precursor material such as glass’ or plagioclase’. Also, 
Sm-Nd and Rb-Sr isotopic systematics** of sanidine spheroids 
from Caravaca, Spain show that they are distinct from normal 
detrital sediment and are isotopically consistent with ejecta from 
an oceanic impact. The magnetite-bearing spheroids are prob- 
ably related to the sanidine spheroids and provide different clues 
to the nature of the K-T event. 

In these spheroids, the magnetite occurs as small crystals 
enclosed in a poorly characterized groundmass (Fig. la). The 
magnetite crystals are commonly skeletal and can occur as 
dendrites (Fig. 1b). These textures, similar to those observed in 
some igneous rocks”, are the result of rapid crystallization from 
a-high temperature liquid. Often the magnetite appears to have 
crystallized. between domains of the enclosing groundmass (Fig. 
la). In this case, entire spheroids may have retained relict 


* 





Fig. 1 Polished section images of magnetite-bearing spheroids. 
a, Oil immersion photomicrograph of a spheroid from Furlo, Italy 
(scale bar, 100 um). Note that the magnetite (small bright grains) 
grows between domains of the groundmass. b, Backscatter electron 
image of skeletal magnetite from Furlo which displays well-formed 
dendrites (scale bar, 100 um). c, Backscatter electron image of 
skeletal magnetite in a spheroid from DSDP Hole 577A from the 
Shatsky Rise, North Pacific (scale bar, 10 wm). 
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Groundmass* 
Average lo Range 
3.84 3.05 1,90-18,71 
5.04 0.80 3.36-7.70 
3.67 0.47 3.03-4.45 
0.08 0.04 <0,05-0.15 
47.16 5.23 31.03-54.80 
t 
] 1.83 0.28 1.30-2.44 
0.70 0.29 0.44-1.75 
0.29 0.17 0.07-0.31 
62.61 4.67 55.74-70.97 


measured concentrations. 


éxtures, Rare faint graphic textures have also been observed in 
he groundmass. 

` We suspect that the magnetite is relict compositionally as well 
; texturally. The magnetite grains have fresh outlines, unlike 
tched magnetite in highly weathered pillow basalt rims’, sug- 
esting that magnetite has been a stable phase in this environ- 
nt. The magnetites have highly variable compositions (Table 
although within individual spheroids the compositions are 
latively constant. Some crystals have relatively high concentra- 
ons of NiO (up to 12%), MgO (up to 17%), or Al,O; (up to 
%):and can best be described as spinel solid solutions with 
general formula (Mg, Fe, Ni) (Fe, Al),O,. There is an 
xcellent positive correlation between MgO and Al O, (Fig. 2), 
ough Mg and Al occupy different cation sites in different 
portions. Substitution of Al for the Fe** cation is as much 
18% and Mg substitution for Fe?’ approaches 90%. These 
ues are similar to spinels found in oceanic basalts®. However, 
he K-T magnetites can be distinguished from typical basaltic 
nels on the basis of their distinctly higher Ni and lower Cr 
ind Ti contents. Variations in magnetite compositions and tex- 
ures probably record variations in their chemical environments 
ring crystallization. Important variables may be bulk composi- 
ion of the molten droplet, cooling rates and crystal nucleation 
istory, and oxygen fugacity. 
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Fig. 2 Plot of Al,O, against MgO measured in magnetites from 
Furlo and Petriccio, Italy. Note the good positive correlation. 
Although magnetite grains within single spheroids have relatively 
constant compositions, there is a wide range of compositions 

: between. spheroids. 





Magnetite 

0-1 0-5 1-2 0-6 
<0.05 <0,05 <0.05 <0.05 
8.42 1.03 4.70 5.16 
0.60 0.29 0.49 0,53 
1.51 1.39 0.64 0.57 
13.90 3.03 7.70 8.32 
55.03 75.87 70.47 67.75 
0.28 1.62 0.70 1.16 
16.33 3.88 10.34 11.50 
3.89 12.25 5.22 5.42 
99.96 99.36 100.26 100.41 


Groundmass is presented as an average of 38 analyses on 20 spheroids together with typical variation (presented as 1 s.d.), and the entire range 


+ FeO, is calculated from measured FeO assuming that Al, Ti and Cr share the trivalent cation site. 


The spheroid groundmass which encloses the magnetite is 
highly weathered and probably consists of authigenic minerals. 
The groundmass is translucent and brownish-coloured and 
seems to contain hydrous Fe-oxides and clay minerals. This 
interpretation is supported by microprobe analyses which rarely 
total >70%, indicating the presence of H,O and destruction by 
the electron beam. Iron is by far the most abundant cation in 
the groundmass, with lesser amounts of Si, Al, Ti and Mn (Table 
1). All the variation in groundmass compositions can be 
attributed to different proportions of the Fe-rich and silicate 
components or to variable totals. We suspect that the ground- 
mass has re-equilibrated with the surrounding sediments and 
has not retained a relict major-element chemistry. 

The measured Ir concentrations in three magnetic extracts 
ranged from 24 to 33ngperg. These are lower than the 
69 ng per g reported by Montanari et al.' (but are considerably 
higher than the 1-8 ng perg Ir reported for bulk samples of 
these sites”). We attribute this discrepancy to sample 
heterogeneity. Part of this probably resulted because the mag- 
netic extract contained about 10% of materials other than pure 
magnetite-bearing spheroids. Differing magnetic extraction 
techniques may also be partially responsible as the variable 
magnetite compositions will result in variable magnetic proper- 
ties. We have observed considerable variation in the Au and Ir 
concentrations in the three samples analysed (Table 2), and 
suspect that this is due to sample heterogeneity. One sample 
was analysed radiochemically for Ir, Pt, Au, Pd, Os and Re. 
The element/Ir ratios for Pt, Au and Pd were within a factor 
of 2 of those in CI chondrites. Os was highly depleted; Os/Ir 
~0.12xCI. Re was not detected (<0.8 ng perg) with Re/Ir 
<0.3 XCI. The roughly chondritic abundances for four of these 
highly siderophile elements is remarkable for a highly weathered 
extract that comprises only a small fraction (0.2-0.3 wt%) of 
the bulk sediment. We estimate that the magnetic fraction pres- 
ently contains at most 2% of the total siderophiles in the bulk 
sediment. However, this fraction may originally have been 
higher if diagenesis caused leaching of siderophiles or destruc- 
tion of some spheroids. 

The only possible sources for these spheroids are an accretion- 
ary event or an unusual volcanic event. In a preliminary study 
of K-T samples from DSDP Hole 577A from the Shatsky Rise, 
North Pacific, we have found magnetic spherules with skeletal 
magnetite (Fig. .1¢), indicating that this is not a local 
phenomenon. Because of the wide distribution, high siderophile 
concentrations and chondritic siderophile ratios, we consider a 
volcanic source highly unlikely; the source was almost certainly 
an accretionary event. These spheroids could be derived from 
a mafic target (forexample, oceanic lithosphere) or direct atmos- 
pheric formation from a mafic projectile. Although they have 
some textural similarities to chondritic cosmic spherules'”, their 
concentration is about 5 x 10° times higher than cosmic spherules 
in abyssal clays'’, and this is an unlikely source for the spheroids. 
We can also reject ablated dust which could be derived from 














-Table 2. Siderophile. concentrations. (ng per g) for magnetic extracts 
measured by instrumental and radiochemical neutron activation analysis 





Pd Re Os Ir Pt Au 


Petriccio 
350A 20.3 <0.80 3.10 23.9 29,9 4,58 
350B — -l =- 33.6 — 22 
Furlo 
418B -= -l -— 23.6 —_ 7.5 
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astronomically induced comet showers , as that would be a 


fairly long event (probably > 10° yr). 
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Recent high-resolution transmission electron microscopy 
(HRTEM) studies of the structure and morphology of bacterial 
magnetite (Fe,O,) crystals isolated from a magnetotactic coccus“ 

and from an unidentified bacterium extracted from sediment? have 
shown the crystals to be well ordered single-domain particles with 
a morphology based on a hexagonal prism of {011} faces truncated 
by specific low index planes. We report here a HRTEM study of 
intact magnetite crystals (magnetosomes) in the microaerophilic 
bacterium Aquaspirillum magnetotacticum, grown in pure cul- 
ture’*. Our aim has been to investigate the structure, morphology 
and crystal growth of the magnetite particles in the light of a 
recent Mossbauer spectroscopy study of this organism* which 
indicated, in addition to magnetite, the presence of hydrated 
iron(111) oxide phases together with the magnetosomes. Our results 
show that the mature particles are well ordered single-domain 
crystals of magnetite with a morphology very different from pre- 
viously studied crystals and based on an octahedral prism of {111} 
faces truncated by {100} faces. We also show the first direct 
evidence for both crystalline and non-crystalline phases within 
individual. magnetosomes. The results are important in aiding 
elucidation of the crystal growth mechanisms of biogenic mag- 
netite. 



























Fig. 1 Chain of magnetite particles. imaged within an intact 
unstained A. magnetotacticum cell, showing a combination of larg 
and small particles. Particle A has a characteristic morphology. 
seen in many mature crystals (s¢e Fig. 3). Particle B is irregular 
in form and appears to be at a different stage in development from: 
particle A. Lattice images of this particle showed crystalline and 
non-crystalline zones (Fig. 4). The cluster of four particles near to 
B was also imaged as single crystals with localized amorphous 
regions. They are spacially separate and therefore not a multi- 

domain aggregate. Scale bar, 100 nm. 





Fig. 2 Selected-area electron diffraction pattern from a mature» 

magnetite crystal of characteristic morphology. The single crystal 

pattern corresponds to the [011] zone. The (200) and (200) reflec- 
tions arise from double diffraction. Camera length, 115 cm, 


Cells. of A. magnetotacticum are ~3 yum long and contain, on 
average, 20 intracellular enveloped magnetite particles: o 
diameter 40-50 nm which are organized in a single chain that- 
traverses the cell longitudinally“. Cells of A. magnetotacticum 
synthesize magnetite only in microaerobic conditions, accumu 
lating Fe some 20,000~40,000-fold over the extracellular con 
centration”. The magnetite particles are in the single magnetit 
domain size range and the chain of magnetosomes imparts 
permanent magnetic dipole moment parallel to the cell’s. axi 
of mobility such that the bacteria orient in the geomagnetic field’ 

Intact, unfixed cells were dried down onto carbon-coated 
electron microscope grids and investigated in a JEOL 200CX 
high-resolution transmission electron microscope operating at 





ioti 


Fig. 3 a, HRETEM image of a magnetite crystal imaged in the 
[01T] zone, showing a well ordered single-domain crystal and a 
characteristic morphology based on an octahedral prism of {111} 
faces truncated by {100} faces. The lattice fringes shown correspond 
to the (022) planes and run perpendicular to the (100) face. Note 
that the crystal edges are not smooth and show outgrowths on the 
well developed {111} faces (arrow). Scale bar, 10 nm. b, Idealized 
` morphology for biogenic magnetite crystals from A. magnetotac- 
ticum. An octahedral prism of {111} faces is truncated by {100} 
faces, Such a crystal form indicates the stabilization of the {111} 
planes over other low index faces such as {100}. 


200 keV with a LaB, electron source and a point-to-point reso- 
Jution of 2.46 A. Many cells showed chains of preferentially 
aligned magnetite particles of distinct morphology. Other chains 
ere observed to contain a combination of large, well developed 
hagnetosomes and smaller particles of irregular form, suggest- 
ng the presence within the chains of crystals at different stages 
f development (Fig. 1). 

Crystals of distinct morphology (such as crystal A in Fig. 1) 
howed lattice images consistent with the cubic (Fd3m) inverse 
spinel structure of magnetite. The lattice images were well 
efined and run continuously throughout the particles, thus 
ndicating that they are single-crystal domains. Lattice fringes 
orresponding to the {111}, {222}, {220}, {200} and {400} planes 
ere imaged and by considering the relative orientation of these 
fringes, the zone of projection was identified as [011]. This was 
confirmed by selected-area electron diffraction patterns (Fig. 2). 
The morphology of these mature crystals was inferred from the 
relative directions of the fringes and crystal edges and is based 
onan octahedron of {111} faces truncated by {100} faces (Fig. 
3a, b). Thus, crystals imaged in the [011] zone often showed 
- edges meeting at characteristic angles of 125° and 110°, corre- 





Fig. 4 HRTEM image of particle B of Fig. 1, showing the co- 
existence of crystalline and non-crystalline phases. The crystalline 
zone shows well ordered (222) lattice fringes and is a single domain. 
The fringes extend into the amorphous phase in a preferential 
direction. The superimposed black dashed line indicates the extent 
of the low contrast edge of the particle against the background 
carbon noise of the grid. Scale bar, 5 nm. 


sponding to the intersection of (100) and (111) and of (111) 
and (111) faces. In other mature crystals, these angles were 
distorted from their theoretical value; this may be a consequence 
of slight crystal misalignment with respect to the electron beam 
or it may be a real growth effect. 

On the basis of the above morphology, we determined the 
crystal alignment in bacteria containing chains of well developed 
crystals. The crystals were found to be preferentially aligned, 
with the [111] direction parallel to the chain axis. This result 
is important with regard to magnetotaxis, as the easy axis of 
magnetization in Fe,O, also lies along the [111] direction. 

Our results indicate that the cellular environment in which 
the crystals grow is often well defined and influences their 
morphology in a way which is different from that found for 
other magnetotactic bacteria’. Many factors can influence the 
crystal morphology of biogenic solids®, so it may not be surpris- 
ing that the morphology of the bacterial magnetites seems to be 
species specific. It is unclear why some mature crystals in A. 
magnetotacticum do not attain the characteristic octahedral mor- 
phology; perhaps the crystal growth processes are very suscep- 
tible to chemical fluctuations in the intra- and extracellular 
environments. 

Lattice imaging of the irregular particles (for example, particle 
B in Fig. 1) showed the presence of contiguous crystalline and 
non-crystalline regions within the magnetosome (Fig. 4). The 
crystalline zone was always single domain, with well ordered 
lattice planes of magnetite. No other crystalline phases, such as 
y-FeOOH, were observed. The lattice fringes often appeared to 
extend into the amorphous region in a preferential direction. 
These multi-phase particles probably represent the early stages 
of magnetite formation, with the non-crystalline material corre- 
sponding to the hydrated iron (111) oxide phases identified by 
Mossbauer spectroscopy’. 

On the basis of these results, a mechanism of crystal formation 
can be offered. The crystallization of bacterial magnetite occurs 
within a localized region of the cell and involves a non-crystalline 
precursor of hydrated iron(111) oxide. The lattice images suggest 
that a growing crystal front of magnetite extends into the amor- 
phous gel. The solid-state rearrangement could occur through 
a solution front at the interface of the two phases. The final 
crystal is single domain and often has a characteristic octahedral 
morphology, indicating that crystal growth is slow and that the 
{111} planes are stable. Because many crystals are preferentially 
aligned with the [111] direction parallel to the chain axis, both 
nucleation and growtheprocesses seem to be under biological 
control. The origin of aqueous Fe** ions in the crystal growth 
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J. P. R. Dick, J. M. A. Cowan, B. L. Day, A. Berardelli, 
<T. Kachi, J. C. Rothwell & C. D. Marsden* 
Department of Neurology, Institute of Psychiatry and 


King’s College Hospital Medical School, de Crespigny Park, 
London SES 8AF, UK 





Voluntary movements in Parkinson’s disease are initiated and 
executed slowly’. It is assumed that the motor cortex and its 
output pathway are intact and that bradykinesia is due to abnormal 
motor commands delivered to a normal corticospinal system. We 
have tested this assumption using electrical stimulation of the 
motor cortex through the scalp in three patients with severe 
- Parkinson’s disease, studied during fluctuations from relatively 
‘normal mobility when receiving drugs (ON) to severe bradykinesia 
when not receiving. drugs (OFF). Thresholds and latencies for 
‘motor cortex. stimulation to excite thumb flexor muscles and the 
resulting fast mechanical responses were the same in both ON 
and OFF conditions, even though the patients were unable to 
execute fast thumb flexion movements voluntarily when OFF. We 
conclude that the excitability and conduction velocity of the cor- 
ticospinal motor pathways are normal. in Parkinson’s disease. 

Merton and Morton’ demonstrated that brief high-voltage 
electric shocks to the scalp or spine from a low output resistance 
stimulator activate visual cortex, motor cortex and spinal cord**, 
Such high-voltage shocks (400 V, giving a peak current of 100- 

1,000 mA) appear to decrease skin resistance® and cause little 
local pain when given via a large electrode. Stimulation over 
the motor cortex produces involuntary muscle contraction at 
very short latencies, particularly in the distal muscles of the 
hand and forearm. Activation of thumb muscles appears at 
the lowest thresholds. A small background voluntary effort in 
the muscle being tested increases the size of muscle twitch for 
a given scalp shock. 

We have used scalp stimulation of the motor cortex in three 
volunteer male patients (mean age 48 yr, range 38~59 yr) with 
Parkinson’s disease (mean duration 12 yr, range 8-17 yr; Hoehn 
and Yahr’ severity grade 3). They were selected for their intel- 
ligence, severe degree of bradykinesia OFF drugs, and relative 
lack of tremor; each gave written consent to the study. The 
patients had been on L-dopa replacement therapy (Madopar, 
Sinemet and L-dopa) for a mean of 8.6 yt (range 6~13 yr). Each 
patient exhibited normal mobility with dyskinesias when ON, 
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ON drugs (left), and when bradykinetic OFF drugs (right). Ther 
was considerable slowing of movement when OFF drugs. In-th 
OFF condition patient 3 did not achieve the target positions unti 

4s had elapsed and for clarity only three traces are shown. : 


but was wheelchair-bound when OFF. The benefit from éacl 
dose. of drug tended to last 1-2:h, with peak-dose dyskinesi; 
None had evidence of cognitive deficit on formal testing. Befor 
the OFF experiment, therapy was withdrawn for at least. 24: 
{range 24-36 h) and each patient became severely parkinsonian 
In two subjects the experiment was done with the patient of 
medication, then repeated 45-60 min after the administratios 
of L-dopa; in the other subject the experiment was done in th 
reverse order, first ON then OFF. Patients were deemed O 
when general mobility was restored, and rapid flexion move 
ments of their hands did not fatigue over 30s. The experime 
was designed to assess isotonic flexion movements of the thum 
whether generated by scalp shock or initiated voluntarily, wh 
in the ON or OFF condition. 
The patients were seated with their right, dominant arm 
immobilized and with their forearm supinated. The elbow ar 
wrist joints were strapped into a plaster of Paris backslab whi 
enclosed the fingers; only the thumb and palm were free. Th 





cally derived from the position signal) were amplified by a 
Devices 3160 system, and fed into an on-line PDP 12 computer, 

To stimulate the motor cortex, two Ag/AgCl electrodes: (su 
face area 2 cm*) were attached to the scalp, with the cathode.at 
the vertex and the anode 7 cm lateral on a line joining the verte 
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Fig. 2. Threshold scalp stimulus intensities (in mA) required to 
‘evoke thenar EMG activation in patient 1 when as releaxed as 
possible in both ON (solid line) and OFF (broken line) conditions. 
Each point is the average peak-to-peak size of the EMG potential 
(in mV) evoked at different stimulus intensities from five scalp 
. shocks. Patients with Parkinson's disease cannot relax completely 
ahd there was some background EMG activity measured at lower 
intensities. 


o the left auditory meatus. Anodal stimulation over the motor 
and area with a single short-duration current pulse (time con- 
tant of decay 50 ps) caused involuntary thumb movements. In 
ermal volunteers at rest, the threshold intensity for this reaction 
vas- ~400 mA but, with a small background voluntary effort, 
iresholds of 140-340 mA were found. The normal latencies for 
tivation of calf, hand and forearm muscles (35 ms, 21 ms and 
yms, respectively) suggest central conduction velocities of 
ms! (ref. 8). It is not known which elements of the motor 
cortex (Brodmann’s area 4) are excited by this method of stimu- 
ation. It seems probable that the large efferent neurones of layer 
/ are stimulated with threshold shocks™'®, but whether the axon 
jllock, initial segment or first internode is activated is 
nelear'!'?, 

A set of target positions for voluntary movements was chosen 
‘or each patient. A series of rapid voluntary movements to each 
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Patient I Patient 2 Patient 3 
Immobile OFF drugs 

Threshold (mA) 

relaxed 340 (40) 180 (2) 170 (40) 
Threshold (mA) 

contracting 200 (8) _ 130 (8) 
Latency (ms) 

relaxed 22.4+0.3 (17) 20.5 (2) 20.5+0.2 (21) 

Mobile ON drugs 

Threshold (mA) 

relaxed 350 (40) 170 (2) 180 (40) 
Threshold (mA) 

contracting 210 (8) — 140 (8) 
Latency (ms) 

relaxed 22.9 £0.5 (14) 19.6 (2) 20.5+0,2 (36) 





Threshold stimulus intensities (in mA) and latency measurements (in 
ms) for activation of thenar EMG by scalp shocks. Threshold was taken 
when the EMG trace from the thenar muscles showed a distinct action 
potential of >50 pV when relaxed (this was often incomplete in patients 
with Parkinson’s disease) and >0.2 mV when exerting 1.5 N background 
force (contracting). The level quoted represents the intensity at which 
an action potential was observed consistently. In patient 2 the records 
were inadequate when contracting and no measurement was possible. 
Latency measurements were taken from rest traces and were measured 
only from those traces with a distinct onset to the action potential. 
Temporal resolution was 0.2 ms. Standard errors and the number of 
records (in parentheses) yielding a measurable quantity are shown. 


target position were recorded and averaged (Fig. 1). The patient 
was allowed 10-15 practice attempts to gauge the distance of 
the target and was asked to hold the position once achieved. 
Encouragement was given for speed and accuracy. We observed 
a dramatic increase in speed of voluntary movement when the 
patients were ON, compared with their performance when OFF. 

Threshold intensities of scalp shock were determined for each 
patient at rest and while exerting a background force of 1.5 N. 
Thresholds were taken when a sharp EMG spike followed by 
a silence was first seen on the thenar EMG trace. Threshold 
intensities were similar in both ON and OFF conditions for 
each patient (Table 1, Fig. 2). The latency of the EMG response 
also was similar in each patient in both conditions (Table 1). 
Corticometoneurone conduction time was calculated in two 
patients by subtracting an estimate of peripheral nerve conduc- 
tion time (half the sum of the M-wave latency, which was 3.8 
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Fig. 3. Averaged position (top) and velocity traces (bottom) from voluntarily initiated thumb movements (left) and movements produced by 
cortical stimulation (right). The ON and OFF records for the three parkinsonian patients (a, b and ¢ represent patients | to 3, respectively) 
are superimposed in each trace. Scalp shocks were 520, 600 and 600 mA for patients 1-3, respectively; averages of 12, 6 and 14 responses, 
respectively, are shown for scalp shocks in both conditions. Voluntary movements are taken from Fig. 1 and were chosen to have a target 
amplitude similar to movements generated by scalp shock. Voluntary movement traces were triggered to start 50 ms before the upstroke of 
the velocity trace (using a Schmidt trigger). Scalp shock traces were triggered to. start 50. ms before the stimulus. The traces demonstrate that 
when unable to initiate rapid voluntary movements, it is possible to evoke rapid thumb flexion movements by scalp shock. The rapidity of 
thumb movement generated by scalp shock did not alter when the patient was mobile ON drugs compared with immobile OFF drugs. 











The patients were then asked to exert a 1.5 N force against 
the torque motor. Suitable movements of the thumb (8-15 mm) 
were generated by scalp shocks of 520-600 mA. This current 
intensity was kept constant for each patient and a series (6-14) 
of movements were recorded. Figure 3a~c shows the averaged 
position and velocity traces generated by scalp shock in both 
conditions for each patient. The distance moved, the initial 
velocity of movement and the duration of the movement were 
the same whether ON and mobile, or OFF and severely 
bradykinetic. 

Voluntary movements in the ON condition were performed 
with average initial peak velocities of 174, 176 and 136 mm sv, 
somewhat less than those generated by scalp shocks in the same 
condition (224, 200 and 250 mm s™'). This is because a voluntary 

à -movement is achieved by a prolonged burst of EMG activity, 
whereas a single scalp shock tends to simultaneously recruit all 
motor units involved’’. By contrast, voluntary movements were 
slower in the OFF condition and were accomplished by a series 
of steps (Figs 1, 3); their initial peak velocities were 87, 93 and 
36mms~', considerably slower than those of the movements 
generated by. scalp shocks in the same condition (230, 210 and 
255mmis™'). The movements generated by scalp shocks, 
however, were similar in terms of initial peak velocity whether 
the patient was mobile and ON drugs or immobile and OFF 
drugs. Thus, while all three patients were unable to produce 
fast movements with a voluntary effort of will when OFF, 
relatively small cortical shocks could excite spinal cord motor 
mechanisms, via direct corticomotoneurone connections, to gen- 
erate fast thumb flexion movements of a size and velocity similar 
to those seen when ON. 

i Thus, we have demonstrated that the effects of motor cortex 
stimulation in patients with moderate to severe parkinsonism 
are identical whether the patient is dopamine-depleted and OFF 
or dopamine-replete and ON. Comparable scalp thresholds were 
found, the latency of muscle activation was constant and the 
upstroke of the velocity traces was identical. Despite recent 
discussion of the relevance of dopamine found in the spinal 
cord'*, these experiments suggest that, when parkinsonian 
patients are immobile, spinal motor mechanisms can be activated 

by a corticospinal volley to generate brisk thumb movements 
with a latency comparable with that of normal volunteers. As 
the thresholds for scalp stimulation were comparable with nor- 
mal levels, and as scalp stimulation probably excites the efferent 
pathway of the motor cortex, it seems likely that the motor 
cortical output cells are intact in Parkinson's disease. We cannot 
comment on the intrinsic mechanisms of the motor cortex with 
this technique, but it seems that the physiological reason for 
bradykinesia lies upstream of the motor cortical output pathway. 
The likeliest explanation for bradykinesia is that the movement 
signal delivered to the motor cortex is defective. 

This work was supported by the Research Funds of the 
Bethlem and Maudsley Hospitals and by the MRC. We thank 
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One strategy for deciphering inherited neurological disease is to 
examine the expression of individual genes controlling 
assembly and physiology of specific cell groups within the develop- 
ing mammalian central nervous system (CNS). This neurogenetic 
approach, using defined single-locus mutations arising on- co- 
isogeneic mouse strains, has recently been used to analyse a major 
class of neuronal membrane diseases involving abnormal excitabil- 
ity, the epilepsies, and to identify examples of hereditary variation 
in signalling properties at central synapses’. An interesting muta: 
tion, the Tottering (tg) gene’, causes a delayed onset, recessi 
neurological disorder in the mouse featuring a stereotyped tri 
of ataxia, intermittent myoclonus and cortical spike-wave 
charges accompanied by behavioural absence seizures whi 
resemble petit mal epilepsy’. Axon branches of the locus coeruleu 
a noradrenergic brain-stem nucleus, hyperinnervate specific targe 
regions of the tg brain*. The number of parent coerulean petikary: 
is unaffected, indicating a true proliferation of the terminal axona 
arbor. With the exception of this unusually precise error of axo 
growth, no other cytopathology has been identified in the tg brain 
Here I present evidence that selective lesions of the centr: 
noradrenergic axons early in development limit the expression: 
the disease. e 
Homozygous tg/tg C57BL/6j mice from colonies of the Jack 
son Laboratory and the Children’s Hospital were identified ; 
birth as the progeny of proven homozygous matings. Mutant 
littermates were given either 6-hydroxydopamine (6-OHDA. 
HBr, Sigma), 100 mg per kg in 0.05 ml saline with I mgmt 
ascorbic acid, or vehicle alone by subcutaneous injection on the 
first and/or second postnatal days. Electrocorticographi 
recordings of freely moving mice 18-28. days of age wer 
obtained daily during random 1~2-h periods. Mice were killed 
at 3-5 months old and their brains excised for regional examin 
ation of glyoxylic acid-induced histofluorescence* an 
catecholamine content assayed by HPLC-EC with dihydroxy. 
benzylamine as an internal standard to a sensitivity’ o 
20 pg (ref. 5). : 
The reproducible neuroanatomical lesion resulting from sys 
temic neonatal injection of 6-OHDA has been carefully. 
examined in rodent brain®® and describes accurately the 
changes observed in C57BL/6j tg/ tg mice injected identical: 
in the present study. The salient finding is a selective, permanent 
and near-total degeneration of distal catecholamine axon 
within forebrain target areas innervated by the locus coeruleu: 
(LC), notably neocortex and hippocampus. LC axons within 
brain-stem and cerebellar regions more proximal to the paren 
nucleus escape permanent injury. Low doses of neurotoxin 
generally spare other CNS neurotransmitter systems” and cor. 
tical cytoarchitecture'”. ji 
The earliest difference detected in treated tg/tg mutants was 
the absence of generalized, non-convulsive cortical spike-wave 
discharges. These spontaneous bursts (300-400 pV amplitude, 
6-7 spikes per s, 1~10s duration) are bilaterally symmetrical 
and appear in the hippocampus in synchrony with the overlying” 
neocortex (Fig. la). Synchronous discharges can be detected 
infrequently (1-2 h”') in awake tg/ tg mice by postnatal day 18; 
increasing nearly 30-fold in the ensuing 2 weeks to mean adult 
rates of 28-60 spike bursts per h (mean 47.0, n = 24: Fig. 1b). 
Neonatal subcutaneous injections of 6-OHDA entirely preven- 
ted the appearance of cortical discharges and behavioural 
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gh a mu 
lateral surface and depth record- 
ings of spontaneous 6-7 5”! spike 
nd wave burst in adult tg/tg 
mutant neocortex (above) and 
hippocampus using a sym- 
letrical array of Teflon-coated 
‘Ag wire electrodes (0.001 inch 
bare diameter) implanted 
bilaterally overlying the dura, 
and within the hippocampal for- 751° 
mation. Each discharge is always 
accompanied by a simultaneous 
episode of behavioural arrest, 
with a staring posture and 
occasional myoclonic jerk of limb 
or jaw. A time series evaluation 
of discharge intervals in un- 
treated tg mice monitored con- 
tinuously over 24h revealed that 
seizures are predictably absent 
only during sleep, and depart sig- 
nificantly in distribution from a 
: Poisson-like process. Calibration 
bars, 1s, lOpV. b, Left, effect 
of neonatal systemic exposure 
to 6-OHDA on spontaneous 
expression of cortical spike-wave 
, discharges in developing ig/tg 
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mice (closed circles, n = 9), com- 
pared with saline-injected control 
tg/tg littermates (open circles, 
:n=9). Early and permanent 
suppression of the inherited 
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ybsence seizures, without otherwise altering background elec- 
roencephalogram (EEG) rhythms of freely behaving mice 
(Fig. 1b). 

In five of nine treated tg/tg mice, each from different litters, 
he effect of the lesion was absolute; no spike-wave discharges 
were ever observed throughout the longest period (12 weeks) 
of daily monitoring. Histofluorescence examination of LC axon 
erminal innervation fields revealed a virtually complete absence 
of fluorescent axons in all laminae throughout neocortex and 
hippocampus (Fig. 2). Less distinct noradrenergic alterations in 
thalamic, brain-stem and cerebellar nuclei were noted, and the 
fluorescence intensity of LC somata did not diminish. High- 
pressure liquid chromatography—electrochemical detection 
(HPLC-EC) determinations (n = 5) of regional noradrenaline 
evels revealed decreases in the neocortex (10.8 + 2.6 (s.e.m.) ng 
per g) and hippocampus (12.545 ng per g) to 3-6% of tissue 
levels in untreated tg/tg littermates (361.2431; 403.2 +83 ng 
r g, respectively). Whole cerebellar noradrenaline content 
(296+ 43 ng per g) remained at 98.6% of untreated adult levels 
(302 +59 ng per g). In the remaining four mutants, all from one 
litter, discharges were initially absent, but appeared later (5-8 
seks) on isolated occasions at a greatly decreased rate (mean 
{-2h7'), duration (1-5 spikes) and amplitude (<200 pV), 

similar to those observed in the youngest (P18) untreated tg/tg 
e: Histofluorescence surveys in these mice showed scattered 
oradrenergic axon patches in all neocortical layers, suggesting 
that the original lesion was incomplete, although the elapsed 
time ‘is compatible with partial regrowth of the LC axonal 
arbor, 

-The second result-of the neonatal neurotoxin injection was a 
reversal of the hereditary gait disturbance. Ataxia is the earliest 
overt trait of the homozygous tg mouse, evident by 4 weeks of 
age’. The pathognomonic gait, an outward splaying of the 
indlimbs at rest and broad-based, halting steps, was visibly 
diminished by early noradrenergic axon lesions. Adult tg/tg 
‘mice given neonatal injections never tottered, but ran rapidly 


Postnatal age (weeks) 


seizures was absolute in five out of nine 6-OHDA-treated mutants. In the final week, the control group averaged 41.4 discharges per h (+3.6 
in the treated group. Right, upper, synchronous cortical spike burst in untreated fg/tg adult mouse. 
A typical mutant averages 900~1,000 bursts per day. Lower, representative tracing of the unaltered background EEG activity in littermate 
tg/ tg treated with systemic 6-OHDA at birth. This mutant failed to show a single burst discharge in over 100h of daily monitoring. 


with even, unhesitating steps, only barely distinguishable from 
normal. Measurements of inked footprints revealed a con- 
sistently shorter stride on a narrower base. The protective effect 
of neonatal 6-OHDA lesions on ataxia did not diminish over 
the 5-month experimental period. 

The third component of the triad—paroxysmal focal limb 
myoclonus—-was variably present in neonatally treated tg/tg 
mice, although the few episodes observed were reduced in 
duration and severity. The effect was not explored quantitatively 
owing to the rare spontaneous occurrence of the event. Note 
that neocortical synchronization is not a characteristic feature 
of the myoclonic episode and that diencephalic and brain-stem 
nuclear regions so far recognized to be actively involved in the 
disturbance (zona incerta, nuclei parafascicularis, ruber and 
pontis oralis? were not denervated by the systemic lesion. 

These findings link aberrant regional LC hyperinnervation to 
the final neurological expression of the tg gene, but do not 
resolve whether the failure to express tg traits is a simple 
consequence of lowered catecholamine release onto target cells 
or an indirect result of developmental reorganization following 
early loss of LC afferents. Neonatal noradrenergic denervation 
may disturb normal maturation of CNS synapses by destabiliz- 
ing target membrane receptor populations’, altering adenylate 
cyclase-linked metabolism” or by triggering growth of neigh- 
bouring non-adrenergic terminals’? 

To determine whether reduction of the LC innervation could 
acutely reverse abnormal cortical synchronization once the 
morphological and behavioural traits of the tg gene were fully 
expressed, adult tg/tg mice were injected unilaterally in the LC 
nucleus. The extent of LC ablation was subsequently evaluated 
by fluorescence microscopy of pontine sections. In three mice 
with verified coeruleus lesions, both the rate and duration of 
discharges increased up to sevenfold over the intial 48 h, then 
decreased, coincident with the „period of axonal release and 
cortical noradrenaline depletion” . Over a 10-week period, mice 
showed a mean 82% decrease in EEG discharge rate (12 h’) 











Fig. 2 Regional fluorescence histochemistry of LC noradrenaline 
innervation patterns within the adult Tottering central nervous 
sytem (1g/ tg) compared with littermate treated on postnatal day 
ee I -with a subcutaneous injection of 6-OHDA. The abnormally 
+ profuse distal LC axon projection to the neocortex (a) and hip- 
pocampal dentate gyrus (b) degenerates to less than 10% of the 
total noradrenaline content following neonatal neurotoxin 
exposure, Gold autofluorescent granules in the hippocampus per- 
sist in the absence of green noradrenergic fibre fluorescence. Parent 
neurones of the locus coeruleus (c), along with the proximal axons 
in brain stem and cerebellum, retain normal fluorescent activity. 
Scale bars, 25 um. 


in the final session compared with the pretreatment rate (66 h7'): 
75% of the suppression occurred in the first week. Isolated 
spikes and asymmetries in the onset and termination of dis- 
charges occurred; in two mutants, discharges were often restric- 
ted to the contralateral hemisphere (Fig. 3). These patterns are 
im never observed in untreated mice. Histofluorescence com- 
parisons showed asymmetrical but not total noradrenergic 
fibre depletion within the ipsilateral neocortex and hippo- 
campus. 

These experiments relate the inherited expression of two 
discrete neurological disturbances, spike-wave seizures and 
ataxia, to a gene-linked abnormality within a single neuromodu- 
latory cell system of the pontine brain stem which projects axons 
to widespread target regions of the CNS. Note that the postnatal 
growth of LC axon terminal collaterals peaks 3-5 weeks after 
birth'’, coinciding with the first signs of ataxia and seizures in 
the Ig mouse. Although the specific neuronal pathways underly- 
ing each of these highly integrated disorders are unknown, the 
data show that the abnormal excitability is directly influenced 
by the balance of noradrenergic innervation, and further, that 
there is no critical organizational stage in postnatal CNS 
development which irreversibly commits the affected neurones 
to altered firing patterns. 

The link between LC hyperinnervation and the development 
of spontaneous cortical discharges underlying epilepsy in the 
tg mause provides new evidence that the locus coeruleus can 
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Fig. 3 a, Asymmetry in onset after 3 days; b, unilateral sup- 
pression of synchronous discharges in left cortical hemisphere of 
adult tg/tg 1 week after 6-OHDA injection into the region of the 
left locus coeruleus (4 wg in 0.25 ul 0.9% saline with 0.2 ug ml” 
ascorbic acid; stereotaxic surface coordinates AP —3.0 mm, 1 1.3, 
V ~3.0 via 32-gauge needle under avertin anaesthesia). Bilateral 
discharges were also seen in this mouse at a greatly reduced rate. 
Lateralized discharges are never seen in untreated mutants. 

Calibration bars, 1s, 100 pV. ; 





























facilitate synchronous bursting in central neurones. Sever 
actions of noradrenaline on membrane currents suggest:a ba: 
for this modulatory behaviour: For example, noradrenaline 
hyperpolarizes and reduces spontaneous impulse activity. 
principal outflow neurones of neocortex, hippocamp IS, 
thalamus and cerebellum while enhancing excitatory and inhib 

tory postsynaptic responses to synaptic input'*'*. In hippocam- 
pal neurones, this increase in the synaptic transfer function i 
partly mediated by a blockade of membrane accommodatio 
noradrenaline-induced decrements in a Ca**-sensitive K* con- 
ductance prolong action potential repolarization, resulting in 
bursting rather than solitary impulse firing during pulse 
depolarization'®*. Recruitment of neurones into the hyper- 
synchronous discharge by noradrenaline may depend upon the | 
individual cellular profile of membrane receptor subtypes”, and | 
the local pattern of LC innervation”. It seems significant that 
the desynchronizing effect of noradrenaline depletion in 
inherited spike-wave absence seizures differs from the procon- 
vulsant action observed in experimental models of generalized 
motor seizures”?*, underlining a further pharmacological and 
perhaps fundamentally physiological distinction between these 
two major forms of epilepsy. ce 
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lypoxanthine-guanine — phosphoribosyltransferase (HPRT; 
:C2,4,2.8), which functions in the metabolic salvage of purines, 
encoded by an X-linked gene in man. Partial HPRT deficiencies 
re associated with gouty arthritis, while absence of activity results 
n. Lesch-Nyhan syndrome (L-N). L-N patients fail to reproduce 
nd the heterozygous state appears to confer no selective advan- 
age’. Thus, Haldane’s principle” predicts that new mutations at 
he hprt locus must occur frequently in order for L-N syndrome 
o be maintained in the population. This constant introduction of 
ew mutations would be expected to result in a heterogeneous 
‘ollection of genetic lesions, some of which may be novel’. As we 
report here, the mutations in the hprt gene of seven L-N patients, 
selected from an initial survey of 28 patients, have been character- 
zed and all were found to be distinctly different, as predicted. The 
yrigin of one unusual mutation has been identified by analysis of 
NA from four generations of family members. Further molecular 
nalysis of the origin of new mutations at the Aprt locus should 
idin resolving the issue of an apparent difference in the frequency 
f hprt mutations in males and females** 
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; p l E : 
different restriction enzymes (BamHI, ‘Bill, Pstl, Mspl) and 
analysed by Southern blotting using a labelled full-length Aprt 
cDNA“? probe. Twenty-three DNA samples possess Southern 
blot patterns identical to that found among normal controls. 
These include five patients who display at least one of two 
X-linked BamHI restriction fragment length polymorphisms". 
Thus, 83% of L-N patients surveyed did not show major hprt 
gene alterations and are presumed to have mutations that are 
undetectable by these Southern blot analyses. 

Five (18%) of the patients screened, including one with a 
BamHI polymorphism, show patterns suggestive of major gene 
alterations. The results are summarized in Table 1 and illustrated 
in Fig. 1. Analysis of these alterations is made possible by 
comparison with both the mouse and normal human Aprt gene 
structures. The mouse gene is composed of nine exons dis- 
tributed over 33 kilobases (kb) of DNA’. The human gene is at 
least as large, with the first three and the last three exons showing 
intron-exon junctions identical to those of the corresponding 
exons in the mouse gene (P.I.P. et al, in preparation). Thus, 
our preliminary characterization of human L-N mutations is 
based on the assumption that the structure of the remaining 
human exons will be identical to those in the mouse gene. 
Figure la shows the exon assignments for the genomic 
Southern blot patterns of a control Pst] digest. Similar exon 
correlations have been performed for DNA fragments generated 
by digestion with BamHI, Bgl, Hincll, Tagl, EcoRI and 
Hindili. 

By examining the alteration or absence of normal genomic 
restriction fragments which correspond to specific exons in L-N 
Southern blots, it is possible to predict the nature and regions 
of the L-N gene alterations (Fig. 2). All three of the patients 
with gene deletions (RJK 853, RJK 849, GM 3467) show 
cytogenetically normal X chromosomes (D. Ledbetter, unpub- 


GM 2292 
GM 1662 


Control 


in 
OO 
x 
x 
a 





Fig. 1 Representative Southern and Northern blot patterns of normal and Lesch-Nyhan DNA. a, Pstl-digested genomic DNA from normal 
male (1X), female with 4 X chromosomes (4X) and L-N patients (RIK 849, GM 3467, GM 1662, GM 2227, RJK 853) was hybridized with a 
labelled full-length Arpt probe. Restriction fragments from the X-linked, expressing Aprt gene are shown with corresponding exon elements 
< Contained within these fragments. Asterisks indicate ambiguous assignment of exon 5 with exon 4 or exon 6 bands. “Auto.” indicates 
- autosomally-linked fragments”. b, BamHI-digested DNA from a normal female (XX) and GM 1662, hybridized to an Aprt cDNA subfragment 
- probe containing only exons 1 and 2 and a probe containing only exon 3. Both probes hybridize to two aberrant fragments (17 kb, 19 kb) 
indicated by the arrows, Southern blot analysis of exon 1 suggests no alteration of the 5° end of the gene (data not shown). In addition, 
genomic PstI bands in a representing exons 2 and 3 in GM 1662 are relatively more intense than other X-linked bands (a twofold increase 
“in intensity was confirmed by densitometry; data not shown), The simplest interpretation of these data, assuming a single mutational event, 
_is a partial gene duplication involving exons 2 and 3. For Southern blots, 5 ug of genomic DNA (from cultured lymphoblast or fibroblast cell 
Hines) per lane was digested to completion with restriction enzymes, fractionated on 0.8% agarose gels and transferred to nitrocellulose filters. 
v Hybridization with labelled probes was carried out by slight modification of published procedures”®. Cloned full-length Aprt cDNA or 
_ subfragments were labelled with [a -P]dCTP (Amersham) by nick-translation (Bethesda Research Laboratories kit): cDNA subfragments 
Were generated by restriction enzyme digestion and recovered from low-melting agarose*'. Washing of hybridized filters was performed at 
65°C in 2xSSC, 0.1% SDS and autoradiography was done at — 80°C with Dupont Cronex intensifying screens. A detailed description of 
the correlation between hprt cDNA exons and genomic Southern blot bands of normal DNA shown above will be presented elsewhere (P.1.P. 
„cetak, in preparation). c Representative Northern blots of Aprt mRNA from L-N patients. Hybridization was performed with nick-translated 
; fult- length hprt cDNA. RNA preparation, electrophoresis and hybridization were carried out as described by Fuscoe et al.”?. Northern analysis 
2 was performed on 50 pg of total cellular RNA. 








hed results) 
at the Aprt locus and is described in Fig. 1b. 

Figure 3 summarizes a family study carried out to detect the 
origin of the observed gene alteration in GM 1662. DNA was 
obtained from the maternal grandmother, mother, sister and 
niece of the patient and analysed by digestion with BglII, 
Southern blotting and hybridization with labelled full-length 
cDNA. An aberrant band at 4.1 kb, characteristic of the mutation 
in GM 1662, was used as the marker for carriers of this mutation. 
As shown in Fig. 3a, only the maternal grandmother lacks this 
aberrant band. Therefore, this mutation is likely to have origi- 
nated in the germ line of the maternal grandmother or grand- 
father. We believe this to be the first example of detection and 
characterization of a new mutation in man at the molecular level. 

Characterization of messenger RNA from L-N patients has 
also been performed by Northern blot analysis (Fig. 1c). None 
of the deletion patients nor GM 2227 produces a detectable, 
stable mRNA (data not shown). GM 1662 produces an hprt 
mRNA slightly larger than normal which is consistent with the 
proposed partial gene duplication. Also shown are Northern 
blots of two additional L-N patients, RJK.855 and GM 2292, 
‘both of whom display normal Aprt Southern blot patterns. RIK. 
‘855 produces a normal-sized mRNA at normal levels, and GM 
2292 produces no detectable Aprt mRNA. The mutation in RIK 

855 is therefore distinct from the lesion in-GM 2292. 
. Qur studies describe seven independent mutations at the Apri 
_ locus resulting in L-N.syndrome, each with a different molecular 


alteration. Three of these L-N hprt gene alterations seem to be. .. 


similar in nature to deletions previously. described “in 
thalassaemia patients!” "4 and in X-linked factor TX-deficient 
haemophilia patients" 
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Fig. 2 Summary of altered hprt gene in Lesch-Nyhan patients. 
Arrows indicate the region of the gene alteration. The endpoints 
of the alterations are approximate. Hatched areas show 5'-untrans- 
lated region; stippled areas show 3’-untranslated region. In patient 

X RJK 853, all X-linked genomic Southern blot bands were absent 
and no new bands were visible. Thus, this patient is presumed to 
possess a total deletion of the Apri gene. In L-N patient RJK 849, 
all genomic Southern blot bands containing exons 7, 8 and 9 and 
nearly all bands associated with exons 4, 5 and/or 6 were absent. 
However, bands containing exons 1, 2 and 3 were always present, 
with no new aberrant bands detectable. Therefore, we conclude 
that this patient has a partial gene deletion at the 3’ end of the 
gene which includes exons 7, 8 and 9 and extends into the region 
coding for exons 4, 5 and/or 6. Similar analysis of GM 3467 
suggests a partial gene deletion beginning within the region coding 
for exons 7, 8 and 9 and extending 3’ to the last exon. This latter 
prediction was confirmed by hybridization ofa cDNA subfragment 
containing only a portion of exon 9 to GM 3467 DNA. This probe 
did not hybridize to BglII and PstI bands known to contain exon 
9 and no new bands. were seen (data not shown). GM 2227 displays 
Southern blot alterations which are associated with bands rep- 
resenting exons 4, S:and/or 6 while no alterations are found in 
exons 1, 2,3, 7,8 and 9. However, the exact nature of this alteration 
¿o has not been determined. See Fig. tb legend for a description of 

: GM 1662. 





M 1662 represents a potentially novel alteration. 


. Many of the L-N kprt mutations which | 



































those found in thalassaemias, such as base substitutions“; whi 
in turn, may lead to aberrant splicing’’ or to the introductio: 
of nonsense codons'*. However, the type of mutation seen i 
GM 1662, and perhaps GM 2227, may be unique, thus far, te 
hprt. 

That each of the seven defective genes analysed is distinct] 
different from one another is consistent with the prediction tha 
the maintenance of X-linked recessively inherited diseases by 
new mutations will be ‘reflected by molecular heterogeneit 
This is also suggested by earlier studies of hprt protein a 
enzymatic parameters’. Furthermore, our studies emphasize th 
potential use of cloned probes to detect and study new. mutation 
in man. Francke et al.’ find the incidence of new mutati 
L-N patients to be lower than that predicted by Haldarie’ a 
therefore suggest that the frequency of mutation at the hprt loc 
may be different in males and females. Resolution of this qu 
tion would be aided by the use of cloned polymorphic probe: 
closely linked to hprt for developing molecular haplotypes. Thi 
would permit determination of the parental origin of new mute 
tions in cases where the mutation is first detectable in a ca 
mother such as the one described here. In addition, prefere: 
association of certain types of germ-line mutations with mal 
or females could be ascertained. 

We thank R. DeMars, R.. McInnes, P. Benke, R. Howell 
Nyhan, H. Ropers, R. Cox and W. Crowder for prov 
cultured: L-N cells or blood. T.P.Y. was supported by N 
training grant GM07526 and NIH postdoctoral fellowship F. 
GM09753, P.LP. by the Robert A. Welch Foundation an 
Arthritis: Foundation Fellowship, A.C.C. and C.T.C, by 
Howard oe Medical Institute and NIH grant AND IAS 


Table 1 ae of Southern blot dany of Lesch-Nyhan 1 patier 
showing gene alterations te 





Patient Enzyme detecting an alteratio 
BamHI Bgl Psti Mspi 

RIJK 849 + 

GM 3467 + + 

GM 2227 + 

GM 1662 + + 

RJK 853 + + 
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Fig..3 Molecular analysis of hprt gene alteration in the family of 
patient GM 1662. a, Southern blot of Bglll-digested DNA from. 
normal male (XY), maternal grandmother (1—1), mother (H-2), 
sister (II-2) and niece (IV-1) of proband. The arrow indicates a” 
41-kb Bglll band associated with the gene alteration in GM 1662. 
b, Pedigree of GM 1662 family showing occurrence of new muta» 
tion. O; Non-carrier female; ©, carrier female; 0, unaffected male; 
W, affected male. The proband is indicated by an arrow. 
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‘ertilization of the sea urchin egg stimulates a wave of exocytosis 
of cortical vesicles'’, but the mechanism by which fertilization 
ulates this secretion is not fully understood. We describe here 
experiments which suggest that polyphosphoinositide metabolism 
ould be a factor in this regulation. We find that the cortical 
vesicle exocytosis in the egg of Strongylocentrotus purpuratus is 
preceded by a 40% increase in its content of triphosphoinositide 
(FPI) and a 22% increase of diphosphoinositide (DPD. 
Following addition of a concentrated sperm suspension to a 
sample of sea urchin eggs, fertilization occurs within 3s (ref. 
3). About 30-40 s later, vesicles begin to fuse with the egg plasma 
membrane, and secretion continues for ~20-60 s (S. purpuratus 
at 15~16°C; refs 4, 5). The exocytosis causes an envelope to 
form around the egg which provides a block to polyspermy’®. 
oncomitant with the vesicle fusion and dectectable about 26s 
ter fertilization (sea urchin Arbacia punctulata at 21°C; ref. 
; there is a rise in intracellular free calcium®. Although this 
se is required for secretion to occur™!'?, other regulatory factors 
ight also be necessary, for the release of the calcium, or to act 
synergistically with the calcium. Exocytosis depends on ATP"! 
1d might involve calmodulin'?"'*, 

ur reasons for thinking that polyphosphoinositide metabol- 
might be involved in the regulation of cortical vesicle 
cretion were the following: (1) secretion in other cells is 
companied by changes in polyphosphoinositide metabol- 
m'*'8. (2) 25% of the phospholipids in the sea urchin egg 
plasma membrane are phospho- or polyphosphoinositides 
ibout 3x107'* moles per plasma membrane)'?; (3) by 1h 
ost-fertilization, eggs loaded with *H-inositol shown an 
crease in the proportion of label in the polyphosphoinositides 
ompared with phosphoinositide”. We therefore examined 
hether changes in the amounts of TPI and DPI occur rapidly 
enough to be important in the regulation of cortical vesicle 
exocytosis. 

“In initial experiments, samples of eggs labelled with YP as 
described in Fig. 1 legend, were spotted directly onto plates for 
TLC, using CHCl,/CH,OH/4M NH,OH, 9:7:2 as the sol- 
vent”. The positions of the lipids were identified by 
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Fig. 1 Changes in the amount of **P in a, the TPI fraction and 
b, the DPI fraction, at various times after fertilization. Data are 
normalized relative to the amount of label in the unfertilized eggs 
(t=0s) in each of six experiments. Bars indicate s.e.m; P values 
were determined by Student's t-test; NS, not significant. 

Methods: Eggs were obtained by injecting animals with 0.5 M KCI. 
They were dejellied in normal seawater, pH 5.0 for 3 min. The egg 
suspension was adjusted to 5% by volume. Two ml of eggs 
were preincubated for 2h in seawater containing *?PO, 
(~0.25 mCi ml~'; NEN); complete saturation of the ~P pool of 
the unfertilized egg requires an incubation of longer than 28 h, at 
which time the eggs begin to disintegrate. Uptake is linear for at 
least 10h (unpublished observations). Eggs were inseminated in 
the *PO,-containing seawater by the addition of enough sperm to 
make a 0.1% sperm suspension in the final volume. The tem- 
perature during insemination was 15°C. 20-41 samples were taken 
before and at various times post-insemination, and were added to 
5 vols of chloroform—methanol, 1:2. Then 1.4 vols of 1.2 M HCI- 
chloroform (1:1) were added, and the mixture was vortexed and 
spun for 2 min. The aqueous layer was removed and replaced with 
IM HCl-methanol (1:1). After two additional washes, the 
chloroform layer was neutralized by adding an equal volume of 
200 mM ammonium acetate in methanol. Samples were kept on 
dry ice. The polyphosphoinositides were purified from this total 
lipid extract by passing it over small columns containing neomycin 
bound to glass beads (100 pl of beads)’. First, lipids other than 
the polyphosphoinositides were eluted with 20 column-volumes of 
150mM ammonium acetate, in chloroform-MeOH-H,0, 3:6: 1. 
DPI was then eluted by adding 10 column-volumes of 600 mM 
ammonium acetate in chloroform-MeOQH-H,0, 3:6:1. Finally, 
TPI was eluted by the addition of 20 column-volumes of chloro- 
form-~MeOH~14.8 M NH,OH, 3:6: 1. The DPI and TPI fractions 
were counted in a liquid scintillation counter (Czerenkov). 


autoradiography, and the spots were scraped and counted. A 
20-1 sample of a 5% egg suspension contained. about 4,000 
eggs and about 2,000 c.p.m. in the TPI fraction. We found that, 
as previously reported for A. punctulata”, most of the label 
taken up into lipids of unfertilized eggs of S. purpuratus is in 
TPI (44+5%) and DPI (26+3%), compared with 10+6% for 
phosphatidylinositide and phosphatidic acid, and 204+ 1% for 
other lipids; all values means +s.e.m. for six experiments. 

Next we measured the incorporation of °P into TP] and DPI 
before, and at various times after fertilization, as described in 
Fig. | legend. 50 +4% of the TPI and 53+ 1% of the DPI counts 
(s.e.m., n=4) were recovered after extraction and column 
chromatography. To confirm that the column procedure was 
effectively. separating TPI and DPI, fractions eluted from the 
column were examined with TLC as described above. TPI and 
DPI were found only in the expected fractions and were free 
from contamination. At 20 s post-insemination, the TPI fraction 
contains 31% more label than the unfertilized fraction (P< 0.01). 
DPI showed a smaller increase in **P incorporation. Increases 
in labelling are unlikely to be due to an increased uptake of °P 
by the fertilized egg, because after fertilization there is a delay 
of about 5-15min before the rate of phosphate uptake 
increases”'. 


‘lateral mobility in the red blood cell membrane” 
teristics of the polyphosphoinositides might be important in 
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Fig. 2 Changes in the chemical amounts of a, TPI and b, DPI at 
various times after fertilization. Data are normalized relative to 
the amounts of TPI or DPI in the unfertilized eggs (i = 0s) in each 
experiment. Bars indicate s.e.m., n the number of experiments. P 
values were determined by Student's t-test; NS, not significant. 
See text for explanation of sperm control experiments. 

Methods: DPI and TPI were purified as described for Fig. 1. Ten 
ml of a 5% egg suspension was used for each sample. Columns 
were run at 0 °C. Fractions were dried and the amount of inorganic 

phosphate in each was determined”*. 


Although our results are difficult to interpret without a know- 
ledge of the specific activity of the ATP pool, they did encourage 
us to assay chemically the amounts of DPI and TPI present in 
samples of sea urchin eggs taken before and after fertilization 
(Fig. 2). Using column chromatography as described for Fig. 1, 
and analysing the phosphate content of the eluted fractions (see 
Fig. 2 legend), we found that each unfertilized egg contains 
2.940.110"! (s.e.m., n =8) moles of TPI and 6.940.7 x 107% 
(s.e.m., n= 8) moles of DPI. Increases in amounts of both TPI 
and DPI are seen {5s after fertilization, before vesicle 


exocytosis. At 15 s post-insemination, the amount of TPI is 40% 


greater than in unfertilized eggs (P <0.01); at 60s, the increase 
is. 52%. DPI is increased by 22% at 15s (P<0.002) and by 
31% at 60's. 

` ‘To-exclude the possibility that the sperm used in the insemina- 
tions was providing the increased amounts of TPI and DPI seen 
following fertilization, we extracted these lipids from an amount 
of sperm equivalent to that used in the fertilization experiments. 
(The sperm had been exposed to solubilized egg jelly to induce 
the acrosome reaction——acrosomal. processes were seen in 70% 
of the cells.) The sperm contain both DPI and TPI (see Fig. 2), 
but the amounts constitute only 9-15% of the changes seen at 
fertilization. 

We conclude that there is an increase in the content of both 
TPI and DPI following fertilization, but before the onset of 
vesicle fusion, in the eggs of the sea urchin S. purpuratus. 
Available data from another species of sea urchin® indicate that 
our observed increases in TPI and DPI also precede the rise in 
intracellular free calcium. These changes in TPI and DPI meta- 
bolism might lead to the release of calcium from intracellular 
stores. If the net increases we report indicate an increased rate 
of TPI turnover, the egg might be generating inositol-1,4, 5- 
trisphosphate, a substance known to release calcium from 
intracellular stores in pancreatic acinar cells”. Alternatively, 
TPI and DPI might contribute to the stimulation of secretion 
by a direct action occurring in parallel with the rise in free 
calcium, but not causing it. The presence of negatively charged 
lipids, and increases in membrane fluidity, both increase the 
incidence of vesicle fusion with cells”, The polyphosphoinosi- 
tides are highly charged at normal pH—-TPI has a net charge 
of ~5, and DPI one of —3 (ref. 24)—-which may promote fusion 
by increasing binding of calcium to the membranes. Moreover, 
‘both TPI, and to a lesser extent DPI, increase glycoprotein 
. These charac- 


initiating cortical vesicle exocytosis. 





urchin egg might also be significant with respect to other change 
























in the egg’s metabolism after fertilization®®. The increase ir 
polyphosphoinositide content that we report precedes all pre 
viously reported events, except for the membrane depolari 
ation, and is therefore the earliest known biochemical even 
following fertilization of the sea urchin egg. 
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The transplantation antigens H-2K, H~2D and H-2L are develop- 
mentally regulated'~*, highly polymorphic‘ cell surface protei 
encoded by the major biseagen r complex (MHC)*~ 
First detectable on the early embryo”, they are subsequent! 
expressed on most somatic cells of the adult mouse in association 
with the protein 8,-microglobulin (8.M; ref. 5). Cultured F9 
embryonal carcinoma (EC) cells can be induced to differentiate 
along alternative pathways to form either parietal” or visceral’ 
extra-embryonic endoderm, each concomitant with a change in 
morphology and pattern of gene expression. Previous reports have 
demonstrated an increased level of transplantation antigens in 
differentiated F9 EC cells™'4, but the cell types expressing them. 
were not defined. Here we show that the level of MHC H-2K” 
and B,M transcripts is increased during both pathways of this 
differentiation. Expression of a foreign MHC H~2K°™' gene was 
found to be regulated in a similar manner when the gene was 
introduced into EC cells. In contrast, an introduced rabbit B-gleb 
gene was not regulated but expressed constitutively. 








F9 EC cells were differentiated into parietal endoderm by 
culturing as a monolayer with 10°? M retinoic acid for 14 days*®, 
or with 10°’ M retinoic acid plus 10*M N°, O?-dibutyryl- 

denosine 3’,5’-cycli¢ monophosphate (dbcAMP) plus 107* uM 

isobutylmethyixanthine for 5 days, conditions in which 90% 
of the cells are differentiated'*’°. For differentiation to visceral 
endoderm, cells were grown for 6 days as small floating aggre- 

gates in bacteriological Petri dishes with 5 x 107° M retinoic 
acid’. MHC H-2K° and BM mRNA transcripts were quanti- 
tated by S, nuclease analysis using an exon~intron and a cDNA 
probe respectively, which can detect ~10 pg of specific mRNA 
after densitometric scanning. 

» Using a 161-nucleotide Hpall fragment spanning part of the 

B2M cDNA and adjacent plasmid sequences as a probe for $, 

nuclease protection, no 8,M transcripts were detected in 

undifferentiated F9 cells (Fig. 1). Differentiation to parietal or 
visceral endoderm resulted in at least a 20-fold increase in the 
evel of BM transcripts, as demonstrated by the presence of 

110- and 80-nucleotide fragments resistant to digestion by S, 

nuclease (Fig. 1). This is consistent with the high level of this 

_ transcript observed in visceral and parietal endoderm isolated 

from the extra-embryonic tissues of a 13.5-day-old mouse. The 
shorter than full-length 80-nucleotide fragment may be due to 
either a small difference between the cDNA probe and the 
transcript or cleavage by S, nuclease of an A+T-rich region 

located 85 base pairs (bp) from the labelled Hpall site”. 

S, nuclease analysis using a 600-nucleotide Avall exon HI- 
intron probe (Fig. 2b) was used to determine the level of H-2K° 
mRNA. As judged by the presence of a 230-nucleotide protected 
fragment, this transcript is produced in very small quantities in 
undifferentiated F9 cells. After differentiation either to visceral 
endoderm using retinoic acid or to parietal endoderm using 
retinoic acid alone or in combination with dbcAMP (Fig. 26), 
the level of H-2K mRNA increased 5-10-fold as determined by 
densitometer scanning. 

Analysis of RNA samples from other undifferentiated and 
differentiated F9 cells (given by B. Hogan)”'*''®, showed levels 

f H-2K® mRNAs identical to ours (not shown). Low levels of 

H-2K° mRNA in undifferentiated EC cells have been reported 

previously’®'? and resemble the results described for laminin. 

Laminin mRNA is also transcribed at low levels in undifferenti- 
ed F9 cells and its transcription is increased following differ- 

éntiation'>. The fact that 8.M RNA is not detectable in undiffer- 

entiated F9 cells may indicate that the H-2K and 62M genes 
are regulated differently. Note that despite the low levels of 

H-2K° RNA synthesis, H-2K° antigen might not be detected'®”° 

on the cell surface in the absence of B,M. 

Experiments using cell fusion or chromosome transfer 
between somatic cells and EC cells have shown that the somatic 
H-2K gene is either repressed?" or remains active in the hybrid 
cells'***3_ As these experiments were inconclusive, we have 
used DNA-mediated gene transfer to study the control of H~-2K 

Xpression. 

A 10-kilobase (kb) fragment containing a variant H-2K° gene 
Med H-2K°"' was introduced into F9 cells**. H-2K°""’ was 
valently linked to Simian virus 40 (SV40) DNA and to the 

transposon Tn5-derived aminoglycosyl phosphotransferase H 
(AGPT) as a selective marker (Fig. 2a). Using the calcium 

phosphate transformation method’®, 1-10 clones per 5 x 10° cells 

per ug DNA were obtained. Southern blotting showed that 12 

transformants contained 1-15 copies of the introduced DNA 

per cell (data not shown). 

“Taking advantage of the fact that the introduced H~2K?”" 
gene and the endogenous H-2K° gene differ in the third exon 
sequence”, we prepared a 600-bp H-2K* Avall probe from 
this region which allowed us to distinguish between the tran- 
scripts from the two genes by S, digestion analysis (Fig. 2b). 
Because partial S, nuclease digestion of the H-2K° Avall probe 
protected by H~2K bm! mRNA yields the same fragment as that 

protected by the H-2K° transcript, we confirmed the results 
using the corresponding probe isolated from the H-2K *™™! gene 

(not shown). 
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Fig. 1 S, nuclease analysis of 8M mRNA in F9 EC cells before 
(ND) and after differentiation to parietal (PAR) or visceral (VIS) 
endoderm. Control mRNA was obtained from visceral and parietal 
extra-embryonic endoderm of a 13.5-day-old mouse embryo, and 
from adult mouse liver. Lane | contains a radioacivity labelled 
PX x Rsa marker. 

Methods: A cDNA probe for B.M (IP) (illustrated at bottom of 
figure) was end-labelied by reverse transcription, strand-separated 
and hybridized with total RNA at 37°C for 12h in 10 pl of 80% 
formamide, 40 mM PIPES pH 6.4, I mM EDTA, 400mM NaCl. 
The mixture was digested with 3,000 U of S, nuclease (Boehringer) 
in 300 wl of 300 mM NaAc pH 4.8, 200mM NaCl, 2mM ZnSO, 
at 20 °C for 2 h. S,-protected DNA (Prot.) was ethanol-precipitated, 
denatured and electrophoresed on a 7M urea/7% acrylamide gel. 
F9 lanes: ND, 15 pg of undifferentiated F9 cell RNA; VIS, 3 pg 
of visceral endoderm F9 cell RNA (overexposed fivefold); PAR, 
15 yg of parietal endoderm F9 cell RNA. Embryo lanes: 5 yg of 

visceral or parietal endoderm (from B. Hogan). 


Out of eight clones that contained intact copies of the H- 
2K°™' introduced DNA, seven clones showed a 6~15-fold 
increase in the level of H2-K>”! mRNA on differentiation to 
parietal endoderm (Fig. 26, clones 2-5). Only one clone 
expressed the gene in a constitutive manner (not shown). Four 
clones were shown to contain an incomplete or rearranged copy 
of the introduced DNA and on differentiation, only the 
endogeneous H-2K* transcripts could be detected (Fig. 2b, 
clone 1). Note that the level of the endogenous H-2K® mRNA 
is 5~-10-fold lower than the level found in liver and spleen of 
H-2K” mice. In contrast, the exogenous H~2K°"' gene is 
expressed at higher levels. This effect may be due either to a 
higher copy number (see legend to Fig. 2b) or to selective 
integration sites. 

The increased levels of H-2K mRNA observed on differenti- 
ation of EC cells could be a result of transcriptional activation 
or specific stabilization of H~2K mRNA; we cannot yet distin- 
guish between these possibilities. 

All of the above S, analyses were done using a probe which 
spans one of the exon—intron junctions within the gene. To 
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Fig. 2. a, Structure of the plasmid introduced into F9 cells. Transcripts are illustrated by arrows in the 5’ to 3' direction. E and B, EcoRI and 
BamHI sites, respectively. b, S, nuclease analysis of H-2K° and H-2K°"', RNA from untransformed (F9) and from H-2K*™ -transformed (1-5 
EC cells) before (~) and after (+) differentiation. Lane labelled H-2K°™' RNA, 10 yg of RNA from a transient expression of the H-2K >"! 
gene in HeLa cells*!. F9 Janes: 10 ug of RNA as in Fig. 1. Lanes 1-5, 10 pg of transformed F9 cell RNA containing, respectively, 1-3, 5-8, 3-5, 
10~12 and 3-5 integrated copies of the H-2K®™ gene. c, S, nuclease analysis of the 5‘ end of H-2K mRNA in two F9 transformants, before 


(~) and after (+) differentiation. 


Methods: b, A 600-nucleotide intron-exon probe that allowed a distinction to be made between H-2K°™ and H-2K° transcripts (see a) was” 

end-labelled with reverse transcriptase, strand-separated and hybridized as in Fig. 1, except that S, digestion was for 1 h at 20°C followed by” 

Lh at 40°C. Lane 4 contains a pBR322 x Hinf marker. c, The 5’ H-2K° probe was end-labelled with T4 polynucleotide kinase, strand-separated. 
and hybridized as described in Fig. 1. 


determine whether these transcripts were properly initiated, we 
used a probe that covered the 5’ end of the H-2K° and H-2K°”" 
genes, which are identical in this region. Although this probe 
does not distinguish between the mRNA produced from the 
endogeneous and exogenous genes, it showed only the correct 
5' end expected for H-2K” and H-2K"™! mRNAs, therefore we 
conclude that transcription of the exogenous gene is correctly 
initiated (Fig. 2c). 

In another set of transfection experiments, the rabbit B-globin 
gene, covalently linked to the same SV40 vector, was introduced 
into F9 EC cells. S, nuclease analysis of four different transfor- 
mants showed a low level of B-globin mRNA which did not 
increase following differentiation, while the endogenous H-2K” 
mRNA level in the same transformants increased (Fig. 3). 

These results suggest that the DNA sequences involved in 


this-induction. process must be present on the 10-kb fragment. 


“containing the H-2K°”! gene used in this experiment and that 
at sequences are specific for the H-2K gene. It is highly 









unlikely that the control sequences would be tissue-specif 
enhancer elements, as first observed for immunoglobuli 
genes***: instead, they may control the activation of the H~2 
gene at a certain time in the development programme and 
subsequent expression in all somatic cells. Induction of this sı 
may be mediated either by the release of gene suppression 
by gene activation and our data are compatible with both o 
these models. 
The fact that visceral-like endoderm and parietal-li 
endoderm F9 cells, which differ morphologically and func 
tionally, both express H-2K and B,M may imply that the F9 
EC cells originate from embryonal cells predetermined” to 
express transplantation antigens. Thus, although F9 EC cell 
can be differentiated along alternative pathways®?**, wit 
respect to the expression of MHC genes they may not be differen 
from other, already committed cell systems where increase 
gene expression can be induced chemically. Eo iia 
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Fig.3 S, nuclease analysis of H-2K® and rabbit -globin mRNA 

> before (—) and after (+) differentiation. Control mRNA for H-2K? 

was obtained from nontransformed F9 cells after differentiation 

to parietal endoderm. Control mRNA for rabbit B-globin was 

obtained from rabbit bone marrow. The 3’ rabbit B-globin probe 

(RBip) was end-labelled using reverse transcriptase and hybridized 
as described in Fig. 1 legend. 
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Scrapie is a slow infection of the nervous system which progresses 
in the absence of any apparent immune response’, The recent 
development of a large-scale purification protocol for scrapie 
prions’ made it possible to obtain substantial quantities of elec- 
trophoretically purified prion protein (PrP 27-30) and we report 
here on the successful production of a rabbit antiserum to PrP 
27-30. The antiserum reacted with PrP 27-30 and several lower 
molecular weight proteins as shown by Western blots; it did not 
react with protein preparations from uninfected brains. Discrete 
structures in the subependymal region of scrapie-infected hamster 
brains were stained immunocytochemically. These same structures 
also stained with Congo red dye and showed green birefringence 
with polarized light, a characteristic of purified prion rods’. This 
staining pattern suggests that they are amyloid plaques. 

Although the immune system remains competent in both 
natural and experimental scrapie, prions fail to evoke humoral 
or cell-mediated responses”. The host is afebrile, leukocyte 
counts in the cerebrospinal fluid and blood are normal, and no 
inflammatory response is seen. Nevertheless, the animal dies of 
an overwhelming central nervous system slow infection. Progress 
in the purification of the scrapie agent’ led to the identification 
of a protease-resistant protein which is a major component of 
the prion’*''. This protein (PrP 27~30) aggregates into rod-like 
structures which have the ultrastructural’? and histochemical 
characteristics of amyloid”. 

Three rabbits were immunized with 10-20 ug of PrP 27-30, 
coupled to keyhole limpet haemocyanin (KLH), and boosted 
twice with 10-20 wg of PrP~KLH. These animals failed to pro- 
duce antibodies to PrP 27-30. A fourth rabbit immunized with 
80 ug of PrP 27-30 without KLH and boosted with 130 pg of 
PrP 27-30 after 25 days produced antibodies. For subsequent 
boosts in this rabbit, denatured scrapie prions purified by zonal 
rotor sucrose gradient sedimentation were used without further 
electrophoretic purification of PrP 27-30. We estimate that the 
third and fourth boosts contained 40 ug and 100 ug of PrP 27-30, 
respectively. 

The sera were tested by a modified dot-blot immunoassay’*. 
Preimmune serum (Fig. 1, row a) did not react with purified 
PrP 27-30, while only immune serum from the fourth rabbit 
reacted with purified PrP 27-30 (Fig. 1, rows b-e). Reactivity 
with PrP 27~30 was seen at a 1:1,000 dilution of the serum 
collected 25 days after the first immunization. Immune sera 
collected after subsequent boosts showed a progressive rise in 
titre. After three immunizations, the serum could be diluted 
1:20,000 and a positive response was seen with purified 
PrP 27-30. 

Immune serum failed to react with proteins purified from 
uninfected brains by the same protocol (Fig. 1, rows J, g). This 
antiserum reacted with both denatured and native prions 
purified from scrapie-infected hamster brains (Fig. 1, rows h, 
i). Preimmune serum at a 1:100 dilution gave a detectable 
response against the denatured and native prions (data not 
shown), but failed to react with electrophoretically purified 
PrP 27-30 (Fig. 1, row a). At 1:1,000 dilution, no reaction of 
the preimmune serum with denatured or native prions could be 
detected. With antiserum diluted 1: 1,000, PrP 27~30 could be 
detected even after its concentration was reduced by a factor 

pb 100- (Figs, rows j, k). 
_. Western blots'®'® were prepared to confirm that the antiserum 
” was reacting specifically with PrP 27-30 (Fig. 2). PrP 27-30 and 



































































: 2 Fh eg 6 
Wr? 1054 5x10 0+ 2k 10 Sx TOF 





1077 1073 25x 1073 $x 1059 7.8% 1059 j0 





Fig. 1} Immunoreactivity of anti-PrP rabbit serum. The reactivity 
of sera diluted as shown, to 100 ng of electrophoretically purified 
PrP 27-30: preimmune serum (a), and after the first (b), second 
(e), third (d), and fourth (e) immunizations, The reactivity of 
antiserum after the fourth immunization, diluted as shown, was 
tested against 100 ng of normal brain protein; f, denatured and g, 
native, as well as 100 ng of purified prions: h, denatured and i, 
native. The reactivities of antisera after the first and fourth 
immunization are shown in rows j and k, respectively, diluted x 
1073, and tested against increasing dilutions of antigen as shown. 
Methods: A female New Zealand white rabbit was immunized with 
PrP 27~30 purified by preparative SDS-~gel electrophoresis of 
sucrose gradient fractions obtained by sedimentation of the prions 
in either a vertical? or zonal rotor’®. Prions from gradient fractions 
were digested with proteinase K (25 wg ml!) for 60 min at 37 °C, 
then denatured by boiling for 3 min in 2% (w:v) SDS and 5% 
(v:v) B-mercaptoethanol before electrophoresis in 15% polyacryl- 
amide vertical slab gels”. The PrP 27-30 was eluted from the gel, 
emulsified in complete Freund’s adjuvant and injected bilaterally 
into surgically exposed popliteal lymph nodes*®. Additional 
immunogen was injected into several subcutaneous sites over the 
back of the rabbit. At 3~4-week intervals, the rabbit was boosted 
with PrP 27-30 in incomplete Freund’s adjuvant by subcutaneous 
injections. The antiserum was evaluated using a modified dot-blot 
immunobinding assay". Samples to be tested for immunoreactivity 
were suspended in 50mM Tris-HCI pH 8.1, 200 mM NaC! and 
0.04% NaN, (TBS) and applied in two 50-1 aliquots to a nitrocel- 
lulose filter mounted in a vacuum manifold apparatus (Minifold 
II, Schleicher & Schuell). After air drying under low vacuum and 
washing in TBS, unabsorbed sites were blocked with 10% heat- 
inactivated horse serum and 3% (w:v) bovine serum albumin in 
TBS. The primary antisera, at the indicated dilutions, and the 
second antibody, goat anti-rabbit IgG horseradish peroxidase con- 
jugated IgG (Tago) diluted 1: 1,000, were applied in 150-l 
aliquots. Immunoreactivity was detected using 4-chloro-l-naphthol 

and hydrogen peroxide". 
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Fig.2 Western blot of scrapie-infected and normal hamster brain 
preparations. a, Autoradiogram of proteins radioiodinated with 
the Bolton-Hunter reagent” and separated by electrophoresis. _ 
Lanes | and 3 are two different undigested preparations from 
normal hamster brains; lanes 2 and 4 are aliquots of the same 
samples digested with proteinase K. Lanes 5 and 7 are scrapie- 
infected samples; lanes 6 and 8 are aliquots of the same samples 
digested with proteinase K. b, Autoradiogram of immunoblot pre- © 
pared using radioiodinated second antibodies. Samples were iden- 
tical to those in a but unlabelled before electrophoresis. in. the. 
polyacrylamide gel, 
Methods: Samples of sucrose gradient fractions from two different.. 
scrapie-infected preparations and two different normal brain pre- 


parations were prepared in duplicate. Aliquots of radioiodinated 


and unlabelled fractions were incubated for 60 min at 30°C in 
10 mM Tris-HCl, pH 7.4, containing 0.2% (w:v) sodium dodecyl 
sarcosinate; half of the samples were digested with 25 ug ml”! of 
proteinase K. The digestion was terminated by the addition of an ¿ 
equal volume of 2xconcentrated SDS electrophoresis sample 
buffer and heating at 100°C for 3 min. Electrophoresis was per- 
formed in 15% polyacrylamide gels according to the procedure 
of Laemmli*’. Proteins were electrophoretically transferred to. 
nitrocellulose sheets'*'*, In b, after electrophoretic transfer to the” 
nitrocellulose paper, the proteins were incubated for | h at room 
temperature in blocking buffer (100 mM Tris-HCI pH 7.4, 0.9% - 
NaCl and 2mgml”' bovine serum albumin). The blotted pro- 
teins were incubated for 2h at room temperature with a 1: 1,000 
dilution of the rabbit antiserum: Following three washes 
with blocking buffer, the second antibody ('*I-labelled goat 
anti-rabbit IgG, NE Nuclear) at a 1:5,000 dilution was added 
and incubated for Sh at room temperature. The immunoblot 
was washed three times in blocking buffer, twice in double- 
distilled water and air dried. The autoradiogram was exposed 
for 4 days at room temperature. The molecular weights (x107>) 
of reference proteins are shown. Arrows show Position of 
PrP 27-30. 


MGRARY COMP. ie g^ 
Departments ef 


V : l 
ny” St ‘eo 








NATURE VOL. 310 2 


= ata EP 


AUGUST 1984 





Fig.3 Localization of PrP in scrapie-infected hamster brains by immunoperoxidase and Congo red histochemistry. a, PrP-positive structures 
(primary antiserum dilution 1:250) in the subependymal region adjacent to the hippocampal formation shown by arrows. Boxed region is 
that shown in b. Peroxidase-antiperoxidase stain with haematoxylin counterstain. x70. b, Same as a but x700. c, Congo red stained serial 
section of same region depicted in a and b showing green birefringence (arrow) with polarized light. x 1,000. d, Peroxidase—antiperoxidase- stained 
section of the same region as depicted in a and b counterstained with Congo red, examined under polarized light. 1,000. 


Methods: Hamsters were killed 65-70 days after intracerebral inoculation with 10’ LD.» units of hamster-adapted scrapie prions 


°° Their brains 


were fixed in 10% formalin, embedded in paraffin and cut into 8-.m sections. The peroxidase—antiperoxidase method’? was used to immunostain 
these sections. Diaminobenzidine-tetrahydrochloride was used to develop colour. Congo red staining was performed by the method of Puchtler 
et al.*'. Photomicrographs were taken in a Leitz Orthoplan microscope. 


several proteins of lower molecular weight were identified in 
blots from scrapie-infected hamster brains, but no proteins from 
uninfected hamster brains were immunolabelled. The pattern 
of immunoreactivity demonstrated a major protein of 27,500- 
32,000 molecular weight (MW) corresponding to PrP 27-30. The 
lower MW proteins—23,000—26,000 (23-26K), 19-20.5K, 17K, 
14.5K—appear to share antigenic determinants with PrP 27-30; 
they either represent cleavage products of PrP 27-30 or other 
distinct prion-associated proteins. These lower MW proteins 
seem to exist in low concentrations based on autoradiograms 
of SDS—polyacrylamide gels (Fig. 2a, lanes 6, 8). Similar results 
were obtained with silver-stained polyacrylamide gels (data not 
shown). 

PrP 27-30 and the other proteins identified by Western blots 
did not lose their antigenicity when exposed to limited digestion 
by proteinase K (Fig. 2b, lanes 6, 8). Additionally, proteinase 
K digestion of normal samples did not yield degradation prod- 
ucts which were recognized by this antiserum (Fig. 2b, lanes 2, 
4). Earlier studies had demonstrated that PrP 27-30 is relatively 
resistant to hydrolysis by proteinase K in comparison with other 
proteins found in infected hamster brains'”''. Since proteinase 
K was used in the purification of PrP 27-30 it is not unexpected 
that antibodies were produced against components of this 
enzyme preparation. The immunoreactive protein of 33,000 MW 
(Fig. 2b, lanes 2, 4, 6, 8) represents an oligomer of proteinase 
K or a contaminant. Our results demonstrate that this antiserum 


recognized PrP27-30 and lower MW proteins which are 
relatively protease-resistant and not found in normal brain 
preparations. 

The location of the scrapie prion proteins in three infected 
hamster brains was studied by peroxidase—antiperoxidase 
immunocytochemistry of formalin-fixed, paraffin-embedded 
tissue'’. Positive staining was observed with primary antiserum 
dilutions ranging over 10°*-107*. In each animal, positive stain- 
ing was highly localized to the subependymal region, especially 
adjacent to the hippocampus (Fig. 3a). The structures stained 
with PrP antiserum were discrete, measured up to 40 um in 
diameter and had a fluffy, cotton-like appearance (Fig. 3b). No 
other brain components were stained by this method and no 
staining was detected in three uninfected hamster brains. The 
preimmune rabbit serum stained neither the PrP-positive struc- 
tures nor any other brain areas. When adjacent sections were 
stained with Congo red dye, these same structures exhibited a 
red colour by bright field microscopy and green birefringence 
with polarized light (Fig. 3c). Our results suggested that the 
structures staining with PrP antiserum were composed of para- 
crystalline arrays of prion proteins that exhibit the staining 
characteristics of amyloid plaques. To confirm these observa- 
tions, sections stained with PrP antiserum were counterstained 
with Congo red dye and examined by polarization microscopy. 
As shown in Fig. 3d, the immunoperoxidase-stained structure 
also exhibited green birefringence. 
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h Congo red dye and green birefringence of t 


PrP-positive structures in situ is consistent with the earlier 


observations that purified scrapie prions aggregate to form amy- 
loid-like birefringent rods'*. Amyloid plaques have been found 
in both natural and experimental scrapie, but they are not an 
obligatory feature of the disease’*. Certain inbred strains of mice 
inoculated with specific isolates of the scrapie agent have been 
shown to develop numerous amyloid plaques'®. Presumably the 
‘structures reported here represent early amyloid plaques. Pre- 
liminary studies using immunoelectron microscopy with second 
antibody-colloidal gold have shown that both this antiserum 
and another rabbit antiserum raised against native prion rods 
react with PrP 27-30 in prion rods (R.A.B., M. P. McKinley, 
P.E.B., M. B. Braunfeld and S.B.P., in preparation). 

The significance of the anatomical localization of PrP-positive 
structures within the subependymal areas and the hippocampus 
of scrapie-infected hamster brains is unclear. The hippocampus 
is the site of the first detectable light microscopic changes during 
scrapie infection in the hamster”. The immunostaining of 
serapie-infected hamster brains seems to reflect the high con- 
centrations of PrP molecules deposited within the paraven- 


tricular regions. Perhaps these areas are selectively vulnerable 


to the accumulation of amyloid-like molecules. Earlier studies 
showed that scrapie infectivity is evenly distributed throughout 
the entire hamster brain”; it is possible that prion proteins pass 
through the extracellular space of the brain and accumulate in 
these paraventricular areas. It is of interest that amyloid plaques 
in mice with experimental Creutzfeldt-Jakob disease were found 
mainly in the paraventricular cerebral white matter”! and that 
amyloid accumulations. in the brains of normal aged humans 
are predominantly found in the subependymal areas of the brain 
as well as in the pia and septum pellucidum”. 

The antiserum to hamster scrapie PrP 27-30 also reacts with 
proteins purified from the brains of mice with experimental 
Creutzfeldt-Jakob disease (P.E.B., J. Bockman, M. P. McKinley, 
D.T. Kingsbury and S.B.P., in preparation). The Creutzfeldt- 
Jakob disease associated proteins were purified by the same 
protocol used to isolate scrapie prions (D. T. Kingsbury, D. 
Smeltzer and J. Bockman, in preparation). Preliminary studies 
have shown-that immunoreactive proteins of similar MW are 


‘present in purified fractions, prepared from the brains of two 


Creutzfeldt-Jakob disease patients (J. Bockman, P.E.B., S.B.P. 
and D. T. Kingsbury, unpublished observations). That the prions 
associated with these two diseases share antigenic determinants 
is consistent with earlier studies which demonstrated that the 
biological and physical properties of these slow infectious agents 
are similar”, 

The production of antisera that react with proteins from both 
these diseases should provide the basis for an immunoassay as 
well as lead to an affinity purification procedure. The availability 
of specific antibodies should aid both in structural studies of 
the prion and in elucidation of the mechanism of its replication”®. 
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Recently, complementary DNA clones encoding one chain of th 
T-cell receptor for antigen have been isolated from both murine 
and human cell lines'~*, Sequence analysis of these clones indicates. 
that they encode elements analogous to the variable (V), constant. 
(C) and joining (J) regions of immunoglobulins” and that this. 
corresponds to the -chain subunit of the T-cell receptor complex* 
These genes are rearranged in the genomes of specific T-cell line: 
and hybrids but not in other cell types’. Analysis of the components: 
of one such rearranged gene, 2B4, isolated from the pigeon cyto- 
chrome c-specific, H-2E-restricted T helper (T,,) hybridoma’, and. 
its unrearranged (liver) counterpart, indicate that an 8-nucleotide 
sequence 3’ to the rearranged variable region is not derived from. 
either the germ-line V- or J-region gene segments®. As this 
sequence lies at a similar position to the diversity (D) region in 
immunoglobulin heavy-chain genes’, we postulated the existence 
of an array of germ-line D-region elements that would contribute. 
significantly to the number of different 8-chain molecules which 
could be created. Here we describe the localization and sequence’ 
of one such D-region element, found ~650 nucleotides 5’ to. the: 
first Jy cluster”. This element seems to be involved in both func- 
tional (V-D-—J) and non-functional (D-J) rearrangements. Our 
observations, combined with previous results**”, indicate tha 
variable-region formation (V-D-J joining) in the T-cell receptor 
B-chain gene follows the 12/23-base pair (bp) rule of rearrange- 
ment established for the recombination of immunoglobulin gene 
segments”", but that the organization of the heptamer and non- 
amer element found surrounding the D region is significantly 
different. : 

The cDNA clone used in these studies, 86T5, was one of a 
series of three clones isolated from a BALB/c thymocyte library? 
It contains the same constant region (Cr) and joining region ` 
(J73)* as found in the apparently functional 86T1 cDNA clone’, 
but the 80 nucleotides 5’ to the J element do not encode any- 
of the highly conserved amino acid sequences found encoded 
in most Vy genes at this position’?**. Characterization of the 
constant-region locus of the murine B-chain, using 86T5 as a 
probe on Southern blots of the relevant genomic clones, revealed 
hybridization to two distinct regions apart from the constant- 
region exons: a fragment subsequently shown to contain the» 
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Fig. 1 The sequence organization of D, J and C regions. B10.A 
liver genomic clones were isolated and characterized with respect 


to the J and C elements as described previously®*. Restriction 
sites relevant to Fig. 2a are indicated. 


unrearranged Jr3 element as expected, and an unexpected strong 
ybridization some distance 5’ to Jyl. 

Figure | shows the previously characterized C- and J-region 
loci®*’, together with the D-region element now described. The 
location of this D region is very similar to that of an 
mmunoglobulin D (Q52) which lies 700 nucleotides 5’ to the 
heavy-chain J cluster''. Details of the sequencing strategy for 
this 5’ region are shown in Fig. 2a. The sequence (Fig. 2b) 
contains a D-region element flanked on either side by conserved 
-7 and 9 nucleotide sequences homologous to those of 
immunoglobulin (see Table 1) which are thought to be the signal 
‘sequences for recombination’®. As indicated in Fig. 26, this 
portion of the DNA contains all of the 5’ 80 nucleotides of 
86T5, diverging from the cDNA clone just before J;3. Directly 
3' to the point of divergence in the germ-line DNA is the 
sequence CACGGTG-[23 nucleotides]-ACAAAAACC, which 
iffers by one nucleotide from the consensus sequence 3’ to the 
D regions of immunoglobulin (Table 1)'° and is identical to 
that of Q52 (ref. 11). Immediately 5’ to the D region is the 
sequence CTTTTTIGT-[12 nucleotides]-CATTGTG, similar to 
he signal sequences found 5' both to the Jy elements and to 
Dy regions in the immunoglobulin heavy chain genes. In 86T5, 
the sequence of the nonamer differs from this by one nucleotide 
Fig: 2b), perhaps due to a strain polymorphism (86TS is from 
BALB/c and the genomic clones are from B10.A). As we could 
find no V-like sequence on the 5’ side of the recombination site 
(the highly conserved residues 90-94 are missing’’*) and as 
_ there is no consensus RNA splicing sequence’ on the 3’ side 
of the divergence, we conclude that 86T5 is the transcript of a 
-chromosomal rearrangement that involved the joining of D and 
J elements. 

This seems to be a functional D region, as it is also used in 
< the 86T1 (ref. 2) and 86C6C (unpublished data) cDNA clones, 
_which have complete V-D-—J—C coding blocks. The homologies 
to the 86TI and 86C6 sequences are shown in Table 1. Therefore 
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Table 1 Nucleotide sequence compa: on of T-cell receptor an 











immunoglobulin 
3’ Flanking Heptamer Spacer (-bp) Nonamer 
vie CACAGTS 121 aGIYTTtst 
V, CACAATG 23 garrrtrac 
Vu CACAGTS 2341 NGTTTYTOT 
V+B CACAGCA 23 AGTTTTHGY 
Du (3' side) CACAGYG 12 GATTITTGT 
D, (3' side) CACGGTG 23 Grttrrrer 
5’ Flanking Nonamer Spacer (bp) Heptamer 
J. ACAAAAACE PESI CARTONS 
Jy, ACAAGAACA 12 CACAGTS 
Ja ACAARAALL 2341 NACTGTG 
hB ` GCATARACC 1242 NGCTGTG 
Dy, (5' side) ACAAAAACE 12 TACTOIG 
Dy (5' side) ACARAAAEC 12 catters 
Germ-line D SGGACAREGHGE 

86TI GGACAGHGSS 

86T5 GGGACAGGA 

86C6 AGACAS 


this element is involved in both functional and non-functional 
rearrangements. As with immunoglobulins”, the point of 
recombination between D and J is variable. 

The spacings of the signal sequences for DNA rearrangement 
in the T-cell receptor 8-chain V region (V-D--J) closely follows 
the 12/23-bp rule first postulated for immunoglobulins by Early 
et al’. Table | indicates the approximate consensus sequerices 
for the immunoglobulin and T-cell receptor heptamer and non- 
amer as well as the spacing in between, and reveals the remark- 
able similarities between these sequences; in particular, the 
3’-flanking regions of Du and Dy are almost identical. However, 
the sequences 3’ to the V regions and 5’ to D are more dissimilar 
(2/7 and 2/9 mismatches) and might result in some oe 
differences, as previously noted for the Jy flanking sequences” 

This similarity of the heptamer and nonamer sequences as 
well as the preservation of the 12/23-bp rule indicates that 
identical or nearly identical mechanisms must be operating in 
the rearrangement of these gene segments and those of 
immunoglobulin. However, as shown in Fig. 3, there are funda- 
mental differences in the arrangement of these signal sequences 
between immunoglobulin and the T-cell receptor B-chain. In 
particular, if the joining process requires no other recognition 


Sequence 
strategy in the D region. 
A subclone encompassing 
this region has been 
described previously". 
Vertical arrows indicate 
the sites that were labelled 
with polynucleotide 
kinase'*, Sequencing was 
- performed by the pro- 
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GTCOTTTTTTGTATAAAGC TGTAADATTGTG 
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i 86T GTCECTITTTGIATAAAGCTOTAALATIGCTG GGACAGGN 
—ARERML INE 12 


GERMEINE AATGGGGGTCGGSGGGGGATGTCACCTTCCTTATCTTCAACTCCCCCCCAGAGGAGCAGCTTATCTGGTGGT TTC TTOCAGCCCTCAAGGGGTAGACCTATGGGAGG 


AGAGGAGCAGCTTATCTGGTGGTITCTTCCAGCCCTCAAGGGGTAGACCTATGGGAGG 


GGACAGG dadean ATTCAATTCTATGGGAAGCCTT TACAAAAACGATTICIGTC TGTCCCAAGGCCCACAG, 


pSerGlydanthrieul yrPheg lyGluGLySerdrgleul levalValdludapleudrgAsnval 
TCTGGAAATACGCTCTATTT TGGAGAAGGAAGCCGGCTCATTGTIG IAGAGGATCTGAGAAATETS 


i SerClysanThrLeuTyr hen LyC luni ysersral $ War 
J REGION AGAGAGGGAGGBSGTTTTGARGTGGACCCGGGA GCTGTG TCTGGAAATACGCTCTATII TGGKG AAGGAAGC: CELTE ISIA 


cedures of Maxam and 
Gilbert”. b, Comparison 
of a germ-line D (present 
study) and J,3 region® 
sequences with the 86T5 
sequence’. Coding regions 
have the translated amino 
acid sequence shown 
above. Homologies are 
denoted by solid lines. 
Boxes. enclose the conser- 
ved heptamer and non- 
amer signal sequences and 
the distances between 
them are indicated. 
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Fig. 3 Arrangement of the signal sequences flanking germ-line 

T-cell receptor segments and germ-line immunoglobulin heavy- 

chain segments. Circles represent the conserved heptamers; 
triangles represent the conserved nonamers. 


sequences, it is formally possible to have Vy joining directly to 
Jy, as well as a given DT element joining to another DT element. 
The first possibility would result in a smaller V region, the 
second in a larger one. This might substantially increase the 
diversity of T-cell receptor binding sites. Overall, however, the 
observed similarities between this chain of the T-cell receptor 


and: immunoglobulins (reviewed in ref. 13) clearly show the 


common: origins. of the respective gene families and indicates 
that this rearrangement mechanism probably occurred only once 
in the course. of evolution. Another indication of the shared 
machinery for recombination between B cells and T cells are 


the relatively frequent (10-50% ) instances of aberrant rearrange- 


ment of the immunoglobulin heavy-chain locus in T cells. In 
particular, Kurosawa et al. characterized several D-J joining 
events in T-cell tumours'*, This phenomenon might now be 
explained by postulating that enzymes activated to rearrange 
T-cell receptor genes are able to act, at least partially, on 
immunoglobulin genes. 

The adenosine residue adjacent to the recombination site of 
D-and J of 86T5 (underlined in Table 1) was not accounted 
for by either the germ-line J or D sequences. This does not 
seem to be due to strain differences because adenosine is not 


. present in the 86T] D-region sequence. This is similar to the 


finding that, in immunoglobulin heavy-chain gene rearrange- 
ment, extra nucleotides (N regions) are inserted between D and 
Jj, as well as between V and D as part of the joining process. 
Most of the D regions we have studied are rich in dG residues 
at the boundaries of V-D and D-J joints on the coding strand 
(unpublished observation). Such G tracts are often seen with 
the immunoglobulin D regions but are not found in their germ- 
line counterparts'*. However, in the D region described here, 
all the G residues can be accounted for in the germ-line 
sequence and thus it is not necessary to evoke an enzymatic 
mechanism'* 

The finding that 86T5 is derived from a non-productive re- 
arrangement and the earlier result that a second thymocyte- 
derived cDNA clone, 86T3, is a partial readthrough product of 
the constant region® indicates that two out of the three thy- 


‘mocyte-derived clones (86T1, 86T3 and 86T5, ref. 2) are non- 


functional. This ratio could be higher, as 7 of the original 10 
cDNA clones from the thymocyte library were not characterized 
further because they had small inserts, similar in size to 86TS 
(S. Hedrick & M.M.D., unpublished). This apparent failure rate 
of the -chain gene in thymocytes is interesting in view of the 
finding that a relatively small fraction (perhaps 15% ) of human 
thymocytes have detectable receptor molecules on their sur: 
face'®, despite the fact that most cells in the thymus express this 
gene in their RNA (P. Fink and S. Hedrick, manuscript ir 
preparation). One explanation of this is that two independeni 
types of selection are occurring in the thymuses of immature 
animals; the first being the production of a viably rearranged 
gene at both the a and £ loci and the second the selection for 


» self-compatibility with the major histocompatibility complex, 
«The. combination of these two selections may account for the 


considerable cell death (>99%) that seems to occur in this 
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Note added in proof: Further analysis of the -chain locus 
discussed here indicates the existence of a second D regio! 
element 540 nucleotides upstream of the 3’ cluster of J regions 
(D. M. Becker et al., work in progress). This D region exhibi 
the same 12/23 spacing of heptamer and nonamer elements 
the one described, and appears in the TM86 cDNA clone. 
Similar data have been obtained.by M. Kronenberg and co- 
workers (personal communication). 
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Plasmacytoid tumours in mice and Burkitt’s lymphomas in humans 
display characteristic chromosomal translocations involving the 
c-myc proto-oncogene”, Models to explain quantitative changes 
in c-myc expression have been proposed based on the loss of normal 
promoters*~” as a result of translocation. However, alternative 
explanations’*"'*, such as somatic mutation'*!”"*, are needed to 
explain altered c-myc expression in the absence of § gene breakage. 
We present here the nucleotide sequence of the normal marini 
c-myc gene. Comparison of this sequence with that of a translo- 
cated c-myc gene from a murine plasmacytoma reveals complete 
identity of coding sequence. One nucleotide difference was fount 
in the non-coding first exon. This shows that qualitative. changes 
of the c-myc gene product are not required for oncogenesis in 
murine plasmacytomas. In contrast, mutations are found in cod- 
ing’® and non-coding" regions of translocated c-myc genes from 
Burkitt’s lymphomas, suggesting that the mechanisms by which 
c-myc is activated in plasmacytomas and Burkitt’s lymphomas are 
different. 

Although it is well established that the c-myc gene ‘is 
rearranged as a result of chromosomal translocations in most 
plasmacytomas, it remains uncertain whether rearrangements 
of this sort are sufficient for c-myc to confer its oncogenic. 
potential. To determine whether the translocated, rearranged 
c-myc genes necessarily contain mutations, the nucleotide 
sequence of a normal murine c-myc cDNA was compared with 
the corresponding sequence of a rearranged c-myc oncogene 
cloned from a murine plasmacytoma. The normal emye cDNA 
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. Fig. 1 Restriction maps of molecularly cloned c-myc genes. Clone 
J558a4 was isolated from a genomic library of the J558 solid 
tumour’? and represents the translocated c-myc gene recombined 
near the immunoglobulin C, gene (solid blocks), pMc-myc54 is 
a c-myc cDNA clone isolated from a BALB/c spleen cDNA 
library“. Positions of intron (open blocks) and exon (stipled blocks) 
regions are indicated. Arrows indicate the breakpoints within the 
c-myc gene from other murine plasmacytomas®*?7~*°. 


‘clone, pMc- myc 54, was isolated from a BALB/c spleen cDNA 
ibrary“; the translocated c-myc gene is from the BALB/c plas- 
macytoma, J558"°, and is transcribed at elevated levels in these 
ells’. Figure 1 shows maps of the clones. Appropriate regions 
of the clones were sequenced by the chain termination tech- 
nique” using cloned restriction fragments in M13 vectors mp8, 
mp9, mplo and mpl1*'. Certain cloned restriction fragments 
“were too large to allow sequencing of the entire insert and in 
uch instances, M13 deletions were generated using Bal31” or 
DNase [°° methods of directed deletion cloning. This allowed 
accurate sequence determination of the c-myc gene in regions 
“which are devoid of convenient cloning sites. 











clone is presented | in Fig, 2. The done lacks 19 base pairs (bp) 
at its 5’ end, assumin: 8 that the 5'-most promoter and capping 
sequences are used””*, A loss of some nucleotides from the 5’ 

end of a cDNA clone is a common artefact of this cDNA cloning 
procedure”’, The clone contains a 376-bp 3’ non-coding sequence 
but lacks some 3'-terminal nucleotides, as no poly(A) tail is 
present. A poly(A) recognition sequence, AAUAAA, 51 bp from 
the 3’ end of the clone was not used by the c-myc mRNA. 
Because the cDNA clone is 2,252bp long, and the largest 
observed size for the normal c-myc mRNA is 2.4 kilobases (kb), 
we conclude that little 3’ non-coding sequence is absent, assum- 
ing an average poly(A) tail length of about 150 nucleotides. The 
first exon contains multiple stop codons in every reading frame 
and therefore represents non-translated sequences. The first 
ATG codon is at the 5’ end of the second exon (see Fig. 2). This 
ATG is followed by a long, open reading frame, suggesting that 
it is the initiation point for translation. Figure 2 also gives the 
predicted amino acid sequence of the c-myc protein. The translo- 
cation break points from several plasmacytomas are indicated 
and do not affect the amino acid coding portion of the c-myc 
gene. 

Determination of the exon sequences of a translocated c-myc 
gene cloned from J558a4, a BALB/c J558 plasmacytoma’? and 
comparison with the normal c-myc cDNA sequence reveals that 
the two clones show complete sequence identity except at posi- 
tion 235. This residue, which is in the non-coding first exon, is 
A in the cDNA and G in J558a4, Interestingly, this nucleotide 
is also G in another translocated c-myc gene that was isolated 
from the BALB/c plasmacytoma MPC-11"*, and a previously 
reported nucleotide sequence of the translocated c-myc gene 
from J558 also has a G residue at this position’. The significance 
of this single difference is unknown. It may represent a poly- 
morphism in the BALB/c c-myc locus. Alternatively, the change 
may have occurred within the cDNA clone as a result of the 
cloning procedure either in vitro or during clonal propagation , 
in bacteria. 
































TOP ACC Teg TCC GAT TCC ACG GOO TIC TCT OCT TCC TCG GAC TOG CM 
Cys Tur Ser Ser Asp Ser Thr Ala Phe Ser Penant Ser Asp Ser Leu 


Fig. 2 Nucleotide sequence of 


CTG TOC TCC GAG TOC ICC OCA CGG GOU AGE CCT GAG ONC CTA GIG cIG 1298 i 
T “OC TTTGGCOGGAANA MAGA ACIIGACKIGGAGGGA TUCTGAGICOCAGERTANAR oath) AN) 
RECTTCOCCGAS ves (37 Leu Ser Set Glu Ser Sec Pro Arg Ala Set Pro Glu Pro Leu Val Leu mMUNNE TRG: cDNA, pMc myc 
incorrercocacorrrrrmrendigrcocramnan eee ae 230 XON-3, 240 54. An additional 47 nucleotides 
CAT GAG GAG ACA OCG CCC ACC ACC AGE AGC GAC TET MA GAA GAG CAA 1346 1 sani 
UT aes PIS Glu Glu Tir Pro Pro The Thr Ser Ser Asp Ser dhu Glu Glu Gin located 3 to the beginning of the 
PS. 250 cDNA” are included to present 
dngsaqreacacceacrrreccrecensocraccecceacrcroccemcceratactent sze CM GAT GAG GM GM AIT GAT GIG GIG TCT GIG GAG AAG AOG CAA C1394 i ipti i 
z Glu Asp Glu Glu Glu Te Asp Val Val Ser Val Glu Lys Arg Gin Thr the entire transcription unit. Two 
CAGCGACEOCNARCCTOGONGOCECNEGGMMACTTTOCOCN ap si 
GCN 389 cor OOC ANG AK TCG GAG TUG GX TEA TOT OCA TCC CoA ax cac aac iag TATA boxes and cap sites are 
cher n ACAR T 482 Pro Ala Lys Arg Ser Glu Ser Gly Ser Ser Pro Ser Arg Gly His Ser boxed. The predicted amino acid 
AAA COT CCG CAC AGC CCA CTG GIC CTC MAG AGG ToC CAC ore tec ACT jago Sequence is shown above the pro- 
ay TTTGGGGAC, RGA t 55 tys Pro Pro His Ser Pro Leu Val Lou Lys Arg Cys Itis Val Ser Thr posed coding region. Vertical 
| OSTCaNcTs PRCT ETOOICST TO S7B CAC CAG CAC AAC TAS GCC GCA OCD OCC TOC ACA AGG AAG GAC TAT CCA 1538 indi i 
His Gln His Asn Tyr Ala Ala Pro Pro Ser Thr Arg Lys Asp Tyr Pro arrows indicate precise break 
ATG OCC CICA OTG ANC TIC ACC ANC AGG ANC TAT GAC CTC GAC TAC 626 uo 320 points for other c-myc 
NET Pro teu Asn Val Asn Phe Thr Asn Arg Asn Tyr Asp Leu Asp Tyr OCT GCC ANG AGG GOC AAG TIG GAC AGT GOC AGG GTC CT ANG CAG ATC 1886 l r n 6,24,28-30 7 
dna Ala Ala Lys Arg Ala Lys Leu Asp Ser Gly Arg Val Leu Lys Gln Tle translocation . The start 
GTA CAG CCC. TNT TIC ATC TOC GAC GAG GAA GAG AAT TIC TAT 674 sf f each is sh b 
[ude Sar Val Gln Pro Tyr Phe Tle Cys Asp Glu Glu Glu Agn Phe Tyr AGE AAC AAC COC AAG TOC TOC AGC CCC MIG TCC ICA GAC ACG GAG GM 1634 ;: oe eee eA y OVER 
GAD CNG CAA CAG CAG AGC GAG CTG CAG COG COC G0G OOC AGT GAG GAT 722 Ser Asn Asn Arg Lys Cys Ser Ber Pro Arg Ser Ser fap The Glu Glu ea arrows. osition 35 is the 
Bis Gln Gin Gin Gin Ser Glu Leu Gln Pro Pro Ala Pro Ser Glu Asp AAC GAC ANG AGG OOG ACA CAC AAC GTC TTG GM cor cwo woa aoo mc meag ONly nucleotide different from the 
ARC TOG-AAG AAA TIC GAG CTG. CTT COC ACE COG OOC CMG TOC OCG ME 770 Asn Asp Lys Arg Arg The His fsa Val Leu Glu Arg Gln Arg Arg Asn sequence of the translocated c- 
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cussion is the complete identity of the amino acid coding por- 
tions of c-myc genes in their normal and translocated states. 


‘The lack of differences supports the hypothesis that the c-myc 


gene product is itself qualitatively normal in plasmacytomas. It 
is likely that an inappropriate, quantitative change in the normal 
gene product is the common lesion in these malignancies. Quan- 
titative changes in c-myc expression could follow from disrup- 
tion of control and promoter sequences as a result of transloca- 
tion or translocation to regions of greater transcriptional activity 
such as open chromatin or enhancer element-activated regions. 
Although both of these explanations involve transcriptional 
control of c-myc expression, regulation at the level of translation 
may also be important®”°, Additional sequence data concerning 
the normal c-myc gene may clarify the significance of the solitary 
nucleotide difference described here. In any event, the extensive 
mutations observed in the translocated c-myc loci of Burkitt's 
lymphomas'*"* are clearly not observed in the analogous trans- 
location of the plasmacytomas. This conclusion is further sup- 
ported by S, nuclease analyses performed on the c-myc RNAs 
expressed in other translocation-positive plasmacytomas'®. The 
c-myc translocation in Burkitt’s lymphoma may occur earlier in 
B-cell ontogeny than its murine counterpart. This could make 
the translocated c-myc allele in Burkitt’s lymphoma more sus- 
ceptible to. the somatic mutator acting on a nearby 
immunoglobulin’ gene. 

We-thank Ms Mary Vogelle for assistance and Ms Mary Ann 
Huntington for help in preparation of this manuscript. This 
research was supported by NIH grants GM26939 and A100416 
and American Cancer Society (ACS) grants NP-405 and RD- 





Perhaps more significant in the context of the present ‘dis- 











178. K.B.M. is a Research Career Development Awardee of th 
NIH. P.D.F. is a postdoctoral fellow of the ACS. 


Received 9 April; accepted 8 June 1984, 


1. Klein, G. Cell 32, 311-315 (1983). 

2. Perry, R. P. Cell 33, 647-649 (1983), 

3. Marcu, K. B. et al Proc. natn, Acad. Sci. U.S.A. 80, 519-523 (1983). 

4, Mushinski, J. F., Bauer, S. R., Potter, M. & Premkumar-Reddy, E. Proc. natn. Acad, Sei 
U.S.A. 80, 1073-1077 (1983). x 

5. Erikson, J., Ar-Rushdi, A., Orwinga, H, L., Vowell, P. C. & Croce, C. M. Proc, natn. Acad: 
Sci. U.S.A. 80, 820-824 (1983). 

6. Stanton, L. W., Watt, R. & Marcu, K. B. Nature 303, 401-406 (1983). 

7. Hayday, A. C. et al Nature W7, 334-340 (1984). 

8. Adams, J., Gerondakis, $., Webb, E., Corcoran, L. M. & Cory, S. Proc. natn. Acad. Sei 
USA, 80, 1982-1986 (1983). as: 

9. Bernard, O., Cory, S., Gerondakis, S, Webb, E. & Adams, J. M. EMBO J 2, 23782389" 
(1983). 

10. Leder, P. et ál Science 222, 765-771 (1983). 

11, Nishikura, K, et al. Proc. nam, Acad. Sei. U.S.A. 80, 4822-4826 (1983); 

12. Groce, C, M. et al Proc. mam, Acad. Sci, USA. 80, 6922-6926 (1983), 

13. Erikson, J. et al, Proc. natn, Acad. Sci, U.S.A. 80, 7581-7585 (1983). 

14. Taub, R. eral Cell 36, 339-348 (1984). 

15. Hollis, G. F. et al. Nature 307, 752-755 (1984), 

16. Yang, J. Q: et al in Current Topics in Microbiology and Immunology (eds Potter, M 
Melchers, F. & Weigert, M.) (Springer, New York, in the press). 

17. Hamlyn, P. H. & Rabbits, T. H. Nature 304, 135-139 (1983). 

18, Rabbits, T. H., Hamlyn, P: H, & Baer, R. Nature 306, 760-765 (1983). 

{9% Harris, L. J, Land, R. B. & Marcu, K, B. Proc, natn, Acad. Sci. U.S.A. 79, 4115-4179 (4982). i 

20. Sanger, F., Nicklen, S. & Coulson, A. R. Proc. natn, Acad. Sci. U.S.A 14, 54635467 (1977 

21. Messing, J, Crea, R. & Seeburg, P. H. Nucleic Acids Res. 9, 309-322 (1981). n 

22. Poncz, M., Solowiejcayk, D., Ballantine, M., Schwartz, E. & Surrey, S. Proc:namn: Acad, 
Sci, U.S.A. 79, 4298-4302 (1982), 

23. Frischauf, A., Garoff, H. & Lebrach, H. Nucleic Acids Res. 8, 5541-5549 (1980). 

24, Stanton, L. W. et al Proc. nain. Acad. Sei LLS.A, 81, 829-835 (1984). 

25, Watt, R. ef al. Nature 303, 725~728 (1983). i 

26. Saito, H., Hayday, A. C, Wiman, K.. Hayward, W. S. & Tonegawa, S. Proc. nain. Acad, 
Sei USA. 80, 1476-7480 (1983). 

7. Calame, K, et al. Proc. natn. Acad. Sei, U.S.A. 79, 6994-6998 (1982), 

28. Adams, J. M. et al. Proc. natn, Acad, Sci U.S.A, 79, 6966-6970 (1982). 

29. Neuberger, M. S. & Calabi, F. Nature 308, 240-243 (1983). 


30. Dunnick, W., Shell, B. E. & Dery, C. Proc. natn. Acad. Sci. USA, 80, 7269-7273 (1983) 





Molecular cloning of a human DNA 
repair gene 


A. Westerveld*, J. H. J. Hoeijmakers, M. van Duin, 
J. de Wit, H: Odijk, A. Pastinkt, R. D. Woodi§ 
‘& D. Bootsma 


Department of Cell Biology and Genetics, Erasmus University, 
Rotterdam, PO Box 1738, 3000 DR Rotterdam, The Netherlands 

t Department of Medical Biochemistry, State University of Leiden, 
2333 AL Leiden, The Netherlands 

+ Lawrence Berkeley Laboratory, Biomedical Division and 
Graduate Group in Biophysics, University of California, 

Berkeley, California 94720, USA 





«Cell strains derived from patients haying a hereditary disorder 


associated with defects in repair of DNA damage such as 
xeroderma pigmentosum’? and mutants isolated from established 
rodent cell lines®* provide the tools for genetic and biochemical 
analysis of DNA repair pathways in mammalian cells. Com- 
plementation studies using these cells have illustrated the genetic 
and biochemical complexity of these pathways” **. The precise 
nature of the genes and gene products involved in these mutants 
has not yet been resolved. Isolation of repair genes by recombinant 
DNA technology would open up new approaches to the elucidation 
of repair mechanisms in mammalian cells. Here we report the 
molecular cloning of a human repair gene (ERCC1) that comple- 
ments the repair defect in a Chinese hamster ovary (CHO) mutant 
cell line. 

The CHO mutant cell line 43-3B (ref. 7) used in this study is 
sensitive to UV light and mitomycin C and falls into com- 
plementation group 2 of the classification described by 
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Thompson et al™”. The mitomycin C sensitivity of these cells 


allows efficient selection of repair-competent transformants after 
transfection with human DNA‘. 
The strategy for the isolation of the human repair gene is- 
depicted in Fig. 1. High-molecular weight DNA isolated from 
HeLa cells is partially cleaved to an average fragment size of 
50-60 kilobase pairs (kbp), ligated to linearized plasmid 
pSV;gptH and transfected to the 43-3B CHO mutant cells. 
pSV,gptH contains the Escherichia coli gpt (Ecogpt) gene that 
renders transformed cells resistant to medium containing 
mycophenolic acid (MPA medium”), which provides a means n 
of preselecting the fraction of transfection-competent recipien’ 
cells'®. The physical linkage between pSV;gptH and the repair 
gene can be used to identify in an E. coli recombinant library 
of a (secondary) transformant, clones that contain the two genes, 
using colony hybridization with a labelled Ecogpt probe’. 
The transfection frequency of 43-3B cells with the human=: 
pSV;gptH hybrid DNA molecules for MPA resistance (MPA‘) 
was 50 clones per ug DNA per !0° cells and for combined” 
MPA'+UV' or MPA‘+mitomycin C resistance (MM-C’) 0.02 
clones per pg DNA per 10° cells. The latter transformation | 
efficiency is comparable to that found for another CHO mutant: 
of the same complementation groupř and is in the order of that 
expected for unique genes'*'?. One UV" and one MM-C" trans- 
formant (designated 43IUV and 43IMM-C respectively) were 
analysed for the presence of pSV,gptH and human sequences. 
by blot hybridization and characterized with respect to various 
repair parameters, Southern blot analysis revealed the presence 
in both genomes of multiple copies (probably =100) of the’ 
dominant marker as well as a considerable amount of human: 
DNA (see, for 43ITUV, Fig. 2a, e). As a first end point of repair, 
we investigated UV-induced unscheduled DNA synthesis in the 
transformants. The level of unscheduled DNA synthesis in. 
mutant 43-3B is only a fraction of that performed by repair- 
proficient CHO cells, while the level in transformants 43IUV 
and 43IMM-C equals that of the CHO wild type (Table 1). As 
in other rodent cells, the level of unscheduled DNA synthesis : 
in CHO wild-type cells is lower than that: in human -cells'*. 



























pair-proficient constitution for UV and MM-C (Fig. 3). The 
nding that these curves do not coincide with those of CHO 
ild-type cells might be explained by the heterologous (human) 
nature of the gene and its product. As repair-competent rever- 
tants were never observed in parallel mock-transfection experi- 
ments, we conclude that the repair-proficient character of 431UV 

nd 43IMM-C is due to the stable incorporation and expression 
of a complementing human repair gene. 

After transformation of 43-3B cells with 43TUV DNA (second- 
‘ary transfection), coupled transfer of MPA" and MM-C" was 
found to be only slightly lower than that of either marker alone 
(about 0.02 clones per pg DNA per 10° cells), indicating a close 
physical linkage between the two in the DNA of 43I1UV. One 
secondary transformant, 431IMM-C, was selected for further 

haracterization. The levels of its unscheduled DNA synthesis 
nd.its MM-C- and UV-survival curves were not significantly 
ifferent from those of the primary transformant (Fig. 3, Table 
1). Southern blot analysis of the DNA of 431IMM-C revealed 
that three copies of the dominant marker and a specific subset 
of human DNA fragments had been retained (Fig. 2a, e). 
testriction enzyme mapping data indicated that two of the three 

SVigptH copies were very closely linked, whereas the third 

copy was located at some distance from the other two (see 
elow). In a tertiary transformation, combined transfer of MPA’ 
and MM-C' was found with a similar frequency as for the 
“secondary transformation, indicating that no rearrangement had 





Fig. 1 Experimental strategy for the isolation of the human repair 
gene ERCCI. 
“Methods: For transfections, ~5 x 10° 43-3B cells were seeded in 
-100 mm Petri dishes 1 day before DNA transformation. The cells 
“were grown in F10/Dulbecco’s minimal essential medium 
(DMEM) 1:1 supplemented with antibiotics and 3% fetal and 7% 
newborn calf serum. High-molecular weight HeLa DNA, isolated 
aş described previously'’, was partially cleaved to an average 
“fragment size of 50-60 kbp with restriction endonuclease PstI. 
Provided that the repair gene is not exceptionally large (>40- 
50 kbp), sufficient gene copies in the DNA should remain intact. 
The restricted DNA was subsequently ligated to a twofold molar 
excess of PstI-linearized dominant marker pSV,gptH using T4 
DNA ligase (Biolabs). Vector pSV,gptH is a derivative of pSV,gpt 
(ref. 9), from which the simian virus 40 (SV40) early region and 
a 120-bp HindliI-BgllI fragment. in front of the gpt sequence 
(which contains false start codons’) were removed. After testing 
the ligation on agarose gels the hybrid molecules were transfected 
into 43-3B CHO repair mutant cells by the calcium phosphate 
precipitation method'®. 20 ug of DNA (vector + HeLa DNA) were 
applied to each Petri dish. Following overnight exposition of the 
DNA, cells were treated with dimethyl sulphoxide (10% for 
30 min) and grown for 24-48 h on non-selecting culture medium 
to allow. expression of the transfected markers. Selection for the 
dominant marker was in modified MPA. medium containing: 
FI0/DMEM 1:1, antibiotics (3% fetal, 7% newborn calf serum), 
aminopterin (0.24gml~!'), thymidine (5ygml~'), xanthine 
(10g ml~'), hypoxanthine (15 pgml7'), mycophenolic acid 
(25g ml"') and deoxycytidine (2.3 pgml7'). The selection 
medium was refreshed every 3-4 days. After the appearance of 
MPA-resistant (MPA‘) colonies (within 2 weeks) the cells of each 
Petri dish were reseeded on two dishes, one of which was UV- 


urvival curves show that both transformants have regained the disconnected the two genes. Theref 











transformant was used to construct 
in E. coli (Fig. 1). 

Restriction endonuclease analysis of cosmids of seven E. coli 
clones hybridizing with the Ecogpt probe revealed that all had 
overlapping sequences (for a representative trio covering the 
entire 70-kbp cloned region, see Fig. 2b-d). Some harboured 
all three pSV,gptH copies present in the 431IMM-C genome 
(cosmid 43-31), others contained only two (cosmid 43-12) or 
one copy (cosmid 43-34, Fig. 2b). The remaining part of the 
inserts consisted of only human DNA. From the hybridization 
with human repeats we conclude that most of the human 
sequences integrated in 431IMM-C are covered by these clones 
(compare Fig. 2d and e). A physical map of the cosmid inserts 
(Fig. 4, upper part) appeared to be consistent with the Southern 
blot data obtained from the genomic DNA of 431IIMM-C. 
Apparently this transformant has stably integrated a continuous 
431UV DNA fragment longer than 70 kbp. 

After transfection to 43-3B all cosmids induced MPA resist- 
ance with a high frequency (70 clones per ug DNA per 10° 
cells); however, only cosmid 43-34 transferred resistance to 
MM.-C and UV (Fig. 3) and restoration of unscheduled DNA 
synthesis (Table 1) with an efficiency comparable to that of the 
dominant marker. This is more than 3 x 10° higher than that of 
genomic DNA. Cosmid 43-34 extends the furthest to the right 
in the map of Fig. 4, and contains only one pSV;gptH copy, 
indicating that the UV/MM-C-resistance gene must reside to 
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irradiated (3x5 J m“? at 1-day intervals), the other exposed to mitomycin C (1078 M)? in MPA medium. These treatments were lethal to the 
43-3B mutant, but not to repair-competent CHO cells. The UV’ and MM-C" colonies appearing on the duplicates of one parental Petri dish 
were expanded into mass culture (10°-10° cells) in selective conditions (except. for UV) and characterized with respect to UV and mitomycin 
C sensitivity (Fig. 3), UV-induced;unscheduled DNA synthesis (Table 1) and Southern blot hybridization (Fig. 2). Secondary and tertiary 
transformation and selection were done as above except that 431UV and 431IMM-C DNA, respectively, were used as donor DNAs and that 
selection for both markers. (MPA‘’ and MM-C") was done simultaneously. To construct a cosmid library of 431IMM-C DNA, a partial Mbol 
‘size-fractionated digest of 4IIMM-C DNA with an average fragment size of 40-50 kbp was ligated to BamHI -cleaved pTCF-cosmid vector 
arms, packaged in vitro-and transduced into bacterial host ED8767 essentially as described earlier’, This library, which consisted of 0.8 x 10° 
independent recombinants (equivalent to five times the diploid Chinese hamster genome), was screened by colony filter hybridization*®”! 
using an Ecogpt probe (the isolated”? small Sphl fragment of pSV,gpt containing the Ecogpt gene and part of the SV40 early region’). The 
gpt probe was labelled in vitro by nick-translation™, using [a-**P]-labelled dATP and dCTP (Amersham, 3,000 Ci mmol~!)} to a specific activity 
OF 2-5« 10° -c:p.m. pg™. During hybridization excess unlabelled pTCF plasmid was present as competitor. Hybridized and washed filters 
(Millipore, HA nitrocellulose, 0.45 um pore size) were exposed to X-ray film (Fuji Rx) at -70 °C with intensifying screen (Fuji). Seven 
hybridizing Æ coli clones were picked from the master filter, rescreened with the same probé and grown in I1 culture medium (L-broth + 
ampicillin, 50 pg mil’). Cosmid DNAs were isolated according to ref. 20, All cosmids transfected into 43-3B as described above using 1—5 ng 
of cosmid DNA gave MPA‘ colonies; only cosmid 43-34 (see Figs 2-4) induced mitomycin C-resistance as weil. . 











extends at least in part beyond the 

} (Fig. 4).. This is consistent with the 

finding that a tertiary transformant, 4311IMM-C, has retained 

“only the single pSV;gptH copy and the same fragment of human 
DNA. (Fig. 2a, e). A more precise localization of the gene was DNA 

obtained by digesting 43-34 cosmid DNA with various restric- 

tion endonucleases and scoring for the intactness of the gene 

-by transfection into the 43-3B cells. Of the enzymes tested, only 
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Sall and Clal left the gene intact; other endonucleases (BamHI, kbp 
BglII, EcoRI, HindIII, KpnI, NunIl, Pst], Poull, Smal, Sst1, 28- 
Xho!) largely or completely abolished MM-C resistance. From 24> 
these data we conclude that at least sites X,, Ka, Bgn, He and 


B, are within essential parts of the DNA repair gene, leaving a 9:5- 
minimal gene size of 7 kbp (Fig. 4, lower part). ss 
Fig. 2. Fifteen pg of high-molecular weight DNA of 43IUV 
(primary transformant), 431IMM-C (secondary transformant) and 
4311IMM-C (tertiary transformant) were digested with PstI. Three 
ug of cosmids 43-12, -31 and -34 (see Fig. 4) were cleaved with 
Sall to liberate the insert (Fig. 4; ref. 21) and further digested with 
Su Pst]. The DNAs were electrophoresed and hybridized with the 
“probes as indicated. Arrows indicate non-equimolar bands, 
«hybridizing with the Ecogpt probe, that are derived from con- 23- 
>: taminating free pSVagptH molecules in the cosmid DNA prepar- 20- 
‘ation. As these bands were only found in preparations of cosmids 
“harbouring the tandem copies of pSV,gptH, we presume they have 
„arisen during growth of the bacteria for preparation of cosmid 
© DNA as a result of a recombination event, which might be due to 
~ the presence of three to four pBR and at least two Ecogpt sequences 
“in these cosmid molecules. 
Methods: DNAs were prepared as detailed elsewhere!" Genomic 
DNAs were ethanol-precipitated before layering onto a 0.5% 
agarose gel and electrophoresis. After transfer toa nitrocellulose 0.6 ~ 
filter?*, one set of blots was hybridized with the **P-labelled Ecogpt 
probe (Fig. 1 legend), the other with a °*P-labelled human cot-/ Probe 
DNA probe, ligated using T4 DNA ligase before nick-translation 
to increase its size. Nick-translation, hybridization, washing (0.3 x 
SSC at 65°C) and autoradiography were as described in Fig. 1. 
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‘Fig.3 UV (a) and mitomycin C (b) sensitivities of CHO (C), 43-3B (A) and the primary (431IMM-C, 431UV), secondary (431MM-C) and 
“cosmid (43cos34) transformants (VW. Ml, A and @, respectively), Cells in normal growth medium were inoculated into 60 or 100 mm Petri dishes 
“<< at densities. of 2 x 107-10" cells per dish. One day after seeding the cells were either irradiated with 254nm UV from a low-pressure mercury, 
- germicidal lamp. (Philips TUV lamp) at a dose rate of 0.6 J m7? s”', or grown in medium with mitomycin C. The cells were cultured for T 
days. after which period the clones were fixed, stained and scored. 
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Fig. 4 Upper part, physical maps of seven cosmids covering the transfected Ecogpt region of 43IIMM-C. The pSV;gptH copies, designated 
=o JAHI, are indicated by open bars. Lower part, detailed physical map of cosmid 43-34. The pSV.igptH copy is indicated as an open bar (the 
hatched region is the Ecogpt probe used). The minimal region covered by the repair gene ERCCI is drawn as a solid bar. Probes used for 
hybridization of 43-3B transformants are indicated separately. Restriction enzymes include: BamHI (B), Bglll (Bg), Clal (C), HindIII (H), 
| KpnI (K), Sall ($), Sst] (Ss) and Xhol (X). 
Methods: Restriction enzyme maps are based on single, double and triple endonuclease digestion, on hybridization data with the Ecogpt and 
_ human cot-1 probes and individual fragments isolated from low-melting point agarose gels”, and on subclones from insert regions. To obtain 
information on the location of the repair gene, 10 yg of cosmid 43-34 DNA were cleaved with various restriction endonucleases (see text) 
and co-transfected with pSV, gptH to 43-3B cells. To prevent reconstitution of the gene by religation of the fragments in the cell after transfection, 
“the restricted cosmid DNA was treated before transfection with alkaline phosphatase and, when appropriate, a molar excess of human DNA 
fragments with the same (cohesive) ends was added as carrier DNA. One yg of digested cosmid DNA was applied to each Petri dish, containing 
: 0.4~1,0 x 10° 43-3B cells. Selection was based on MPA and mitomycin C-resistance simultaneously. 


< Consistent with this conclusion is the finding that the largely 
unique 1.0-kbp B,~B, fragment (Fig. 4, lower part) was present 
in all of the 13 independent primary transformants checked, 

nd some of them had retained the more distant 1.1-kbp S.—S, 

ragment also. As expected, none of these transformants con- 
tained two unique HindIII! fragments (H,-H;.and H;-—H,: Fig. 
_4, lower part) from. the other side of pSV,gptH, that is, from a 

egion unrelated to the repair gene (data not shown). Following 

he nomenclature proposed at the 17th Human Gene Mapping 
Conference’, we term the repair gene described here ERCC] 

excision repair complementing defective repair in Chinese 
hamster cells). 








‘able 1 UV-induced unscheduled DNA synthesis of 43-3B 
transformants 
Cell line No. of grains 
HeLa 37.0+0.9 
CHO 21.640.8 
43-3B 4540.2 
 431UV* 17.64 1.7 
“431MM-C 25.040.7 
431TIMM-C 21.9+0.5 
430IMM-C 31.8+0.6 
43Cos34 31.54 1.2 





Two days after seeding the cells were exposed to UV light (16 J m~?) 
nd incubated for 2h in. F10 medium without TAR containing °H- 
hymidine (10,.Cim!™'; specific activity 46 Ci mmol™') and 8% dia- 
ysed fetal calf serum. After fixation of the cells the preparations were 
rocessed for autoradiography. (Kodak AR10 stripping film), exposed 
or 1 week at 4°C, developed, fixed and stained with Giemsa solution. 

The table shows the results of one typical experiment. For each cell line 
{least 50 nuclei were counted. Number of grains is given as mean 
‘sem. per fixed square of non-S-phase nucleus. 
< * Note that about 20% of the 431UV population did exhibit 43-3B 
mscheduled DNA synthesis levels: this might be due to segregation of 

the repair marker. 


Other groups have reported the transfer and identification of 
human repair genes. In one case the transfer of human DNA 
conferring UV resistance to xeroderma pigmentosum cells of 
complementation group A has been claimed’ but this was not 
followed by molecular identification or cloning of the respon- 
sible gene. Extensive efforts to reproduce these results were 
unsuccessful in our hands (unpublished observations). Recently, 
a human repair gene was identified” following gene transfer into 
a Chinese hamster mutant of the same complementation group 
as mutant 43-3B used in this study. The molecular cloning of 
the repair gene reported here makes possible an investigation 
of its function in repair, its relation to human trepair-deficiency 
syndromes such as XP and general characteristics of mammalian 
repair processes. 
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The lactose repressor protein from Escherichia coli binds sugars, 
primarily galactosides, which modulate its interactions with 


Operator DNA and thereby affect synthesis of the lac metabolic 


enzymes’. The. affinity of the repressor for operator DNA is 
decreased by. binding inducer sugars and increased by binding 
anti-inducer: sugars’. Based on regions of the primary structure 
implicated by genetic methods to be involved in sugar binding’ * 

amino acid sequence homology between L-arabinose-bindin ng prò- 
tein (ABP) and lac repressor has recently been reported®. The 
sugar-binding sites for these two proteins might be expected to 
have similar structural features, as both bind L-arabinose and 
D-galactose. The high resolution structure of ABP reported in the 
accompanying article’ provides complete definition of amino acids 
in the sugar-binding site. By identification of homologous residues 
in-the lac repressor, we have now predicted the structure of the 
portion of the repressor sugar-binding site which accommodates 


- the galactosyl moiety. This prediction. provides the first potential 


view of the inducer/anti-inducer site in the repressor protein. 
Although the X-ray structure analysis of the liganded form 
of ABP previously revealed several amino acid residues that are 
crucial for binding L-arabinose®, equivalent residues were not 
identified in lac repressor in the subsequent study of homologous 
amino acids®. In addition, homology was not examined in the 
regions containing Lys 10-Glu 14 and Asp 89-Asp 90 in ABP 
(Fig. 1). Of the three possible homologues to Lys 10-Glu 14 in 
the sugar-binding core domain™"® of lac repressor, only the 
84-88 amino acid region contains mutations which affect inducer 
binding*!’; thus, this region was used in constructing the 
repressor binding site. Adjacent acidic residues similar to Asp 
89~Asp 90 in ABP are present in repressor at amino acids 
129-130 and 164-165. The 129-130 pair is adjacent to a residue 
at which mutation affects inducer binding of lac repressor pro- 
+N and was therefore selected for substitution for repressor. 
Figure 2 shows the ABP-binding site with lac repressor amino 
acid substitutions. The unreactive nature of the amino acids in 
the site readily explains the inability to generate chemical affinity 
labels for this site (of ~12 sugar compounds synthesized, none 
significantly affected inducer binding; K.S.M. etal., unpublished 
data). Note that, contrary to the limited region for sugar interac- 
tion presumed on the basis of genetic studies, amino acid 
residues throughout the ABP molecule participate in sugar bind- 
ing; the amino acid residues that are involved in sugar interac- 
tion are derived from both structural domains of the protein’. 
Several geometrical features that would be uniquely required 
for the repressor (as opposed to the ABP) sugar-binding site 
are produced as a consequence of the homologous amino acid 
substitutions made in the ABP site. The protein backbone of 
ABP is shown in Fig. 3 with disaccharides of galactose and 
glucose in the sugar-binding site. Substituents at the 1-position 
-are limited to a B-orientation due to steric constraints, as an 


< «a@-substituent.will protrude almost perpendicularly into the pro- 
tein structure. In contrast, a B-substituent falls parallel to and 








veclys Ilu L1.+-Glu 14..-A5p 89-Asp 90.eThr 147..0Arg 15Le+e 













































eeeLys S4-Ser 85...Asp 88...Asp 129-Asp 130. Ser 193... Arg 197.66 
»eeMet 204—Asn 205...Thr 208...Asn 232...Asp 235... 


LAC ..Ala 245-Aen 246... Met 249...Val 271..Asp 274.26 


Fig. 1 Homologies between the primary structures of lac repressor: 
(LAC) and arabinose-binding protein (ABP) for residues. in the: 
ABP sugar site. The homologies past Thr 147 in ABP and Ser 193 
in repressor are taken from Miiller-Hill®. Lac repressor residues’: 

are in bold print. 
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Fig. 2 Diagram of the sugar-binding site in arabinose-binding 
protein, with indicated amino acid substitutions in lac repressor 
sugar-binding site. Amino acids of the ABP site are indicated by 
normal lettering, while the lac repressor amino acids are indicated 
by bald lettering. The site has been drawn with the B-anomer of 
D-galactose present. Note that the ring oxygen interaction with: 
Asp 89 (Asp 129 in lac repressor) i is mediated through two H,O 
molecules in ABP’. 


within the cleft and thus fits easily into the structure. Consisten 
with this observation, the lac repressor binds a-galactosides”' 
weakly, if at all, In ABP, all substituents at the 1-position.are 
precluded by the presence of the Thr 147 methyl group; howev: 
substitution of Ser 193 into the site for repressor opens thi 
l-position for B-substitution, as required for this protein 
Introduction of more bulky amino acids at position 193 by 
suppression of nonsense mutation has yielded mutant repressor 
proteins with decreased affinity for inducer''. Further, in th 
region beyond the 1-position, where the substituents woul 
interact with the protein structure, a hydrophobic contact wit! 
Leu 145 in ABP is possible; Ser 191 is the corresponding amin 
acid in lac repressor, with a leucine at position 189. Asp 90 in. 
ABP (Asp 130 in repressor) could also make contacts in such. 
a second site. The increased affinity of methyl, isopropyl. and 
phenyl |-substituted galactosides can be attributed to the forma 
tion of hydrophobic interactions with this area of the protein 
while hydrogen bonding to the hydroxyls would facilitate. 1,6 
allolactose binding. Substitution at the 6-position of the sugar 
is possible in the postulated site; consistent with this, fucoside 
and arabinosides have been shown to interact with the. lac 
repressor protein’'?. Substituents or epimers at positions 2 or. 
3 would be unable to occupy the site due to severe steric 
hindrance; compounds with these characteristics do not bind. 
to lac repressor” 12 The changes in the ABP site to create a lac. 
repressor site would weaken binding to arabinose’, but would. | 
increase galactose and particularly B-galactoside binding. : 

The lac repressor will bind both D-glucose and D-galactose; — 
epimers which differ at the 4-position of the sugar and also”. 
in their effects on operator affinity (galactose is an inducer,’ 
while glucose is an anti-inducer). However, the affinities for. 
these two hexoses differ by almost 1,000-fold. Glucose will not. 











































Fig.3 Stereo view of the ABP binding site (thin lines) with lactose 
(4-0-8, D-galactopyranosyl-p-glucose; thick lines) and mellibiase 
(6-O-a, D-galactopyranosyl-D-glucose; medium lines). Only the 
Ca chain of ABP is drawn. Note that only the B-substituted 
galactosides can be accommodated in the binding cleft. The coor- 
dinates of lactose”! and mellibiose’* derived from small molecule 
crystal structure analysis were used. The D-galactose pyranose ring 
of both disaccharides is superposed to the refined L-arabinose 
bound to ABP’, 


tinto the postulated lac repressor site due to steric hindrance 
at the 4-position by amino acid side chains. Both allolactose, 
the: natural inducer, and lactose, an anti-inducer, are di- 
accharides where the |-substituent is glucose; thus, the presence 
of a second hexose binding site is suggested. Weak glucose 
_ binding may normally occur at the 1-8-substituent subsite rather 
_than in the primary sugar-binding site of repressor. 

In ABP, a conformational change which involves a decrease 
in the radius. of gyration of the protein occurs in response to 
ugar binding”. These data have been interpreted to indicate 
hat ligand binding results in a closing of the cleft containing 
he sugar-binding site*'*. A conformational change in the core 
egion of the repressor protein also occurs in response to inducer 
binding'**°. The structural changes in the repressor which 
“would be associated with cleft closing provide a potential 
mechanism for the observed alteration in operator DNA affinity 
oncomitant with inducer binding. The relatively weak binding 
and opposite effects on operator affinity observed for anti- 
inducers may be postulated to result from their inability to elicit 
closing of the binding site. This predicted sugar-binding site in 
ac repressor provides a new and potentially useful view for 
designing studies of this important and largely unknown region 
of the repressor protein. 
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The upper temperature at which a living system can exist is limited 
by the hydrolytic breakdown rate of its chemical constituents. The 
peptide bonds of proteins, the phosphodiester and N-glycosy! bonds 
in RNA and DNA, and the pyrophosphate and N-glycosyl bonds 
in nucleotides such as ATP and NAD are among the more impor- 
tant bonds that will undergo hydrolysis. The decomposition of 
biomolecules via non-hydrolytic pathways such as decarboxyla- 
tions and dehydrations may also be critical factors in determining 
this upper temperature limit. Baross and Deming’ recently repor- 
ted ‘black smoker’ bacteria, which they isolated from deep-sea 
hydrothermal vents, growing at 250°C. Here I have attempted to 
establish the rates for the hydrolysis and/or decomposition of 
critical biomolecules to determine their ability to exist at this 
temperature. My results clearly indicate that if these organisms 
exist, and if their metabolic reactions occur in an aqueous environ- 
ment, they could not survive at this temperature if they were 
composed of biomolecules such as proteins and nucleic acids, due 
to the very rapid rate of decomposition of such molecules. 

The recorded maximum upper temperature for the growth of 
microorganisms has increased from 55 °C in 1903 to 93.5~95.5 °C 
in 1970°, and the growth of organisms at 105°C has recently 
been described’. However, the few data available on the tem- 
perature stability of biomolecules in neutral aqueous solutions 
at temperatures above 100 °C have dealt with the decomposition 
of hot aqueous solutions of amino acids in order to simulate 
the geochemical degradation of organic matter**. Extrapolation 
of the limited data for hydrolysis or decomposition rates at 
temperatures of 100-250 °C is difficult because of the possible 
non-linearity of the free energy of activation over this wide a 
temperature range. To avoid this problem, and to obtain addi- 
tional data for molecules for which no low-temperature data 
are available, the decomposition rates for various biomolecules 
in water were measured at 250°C. 

The data show (Table 1) that the peptide bonds in the alanine 
peptides studied have a hydrolysis half life (t,,.) of ~7 min at 
250°C. However, not all peptides are as stable as the alanine 
peptides, as evidenced by the very rapid breakdown rate 
(<1 min) of the Ala-Asp and Glu-Ala peptides. For all peptides 
studied, except those containing aspartic acid, peptide bond 
hydrolysis was confirmed by the increase in the concentration 
of the expected free amino acid hydrolysis products with time. 
The rapid deamination of the aspartic acid released from those 
peptides containing this amino acid precluded its detection by 
amino acid analysis“. 

A ty. of 1.08 s for a 48,000-molecular weight (MW) protein 
was calculated using the t,,, for the hydrolysis of the (Ala); 
peptide of 7.2 min. This value is based on the assumption that 
the average molecular weight of amino acids in proteins is 120 
and that each of the peptide bonds in the protein will hydrolyse 
with the same t,,, as observed for (Ala);. Assuming that the 
hydrolysis of any peptide bond will destroy the protein, a 48,000- 
MW protein will be destroyed 400 times more rapidly than a 
single peptide bond and thus have a t,,. of 1.08s. One would 
expect the true t,,. for a protein containing all the amino acids 
to be much shorter, however, due to the very rapid cleavage of 
the proteins at the aspartic acid residues’. This expectation was 
confirmed by the rapid hydrolysis observed for the Ala-Asp 
peptide. Attempts to measure the hydrolysis rate of intact pro- 
teins (lysozyme and bovine serum albumin) at 250 °C by SDS-gel 
electrophoresis® were unsuccessful due to the very rapid break- 
down of these proteins. No Coomassie blue-stainable-bands 












investigated by Steinberg and Bada’, 
‘Jast two amino acids in.the amino- terminal end of the protein 
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Fig. 1- Kinetic data for the decomposition of adenine. and uracil 
at 250°C in. 0.1 M potassium phosphate buffer at pH 7.00. Data 
were determined as described in Table | legend. 


were detected for the intact protein nor for peptide fragments 
after heating the protein solution in an oil bath at 250°C for 
periods of 3 min or more. 

A second mechanism for the breakdown of proteins, recently 
is the cyclization of the 


to form a diketopiperazine and the protein minus these two 
amino acids. If this cyclization is a very facile process, it could 
also lead to the rapid breakdown of the proteins at high tem- 
perature. Modification of the terminal amino group (acetylation 
being one method) would block this process and would therefore 
be a simple mechanism by which an organism could prevent 
this type of decomposition, However, as the N-acetyl (Ala), 
peptide was hydrolysed at about the same rate as (Ala), (Table 
1), this does not seem to be an important factor in the hydrolytic 
breakdown of this peptide at 250°C. 

Many of the amino acids released from proteins decompose 
with t,,. values of 1-5 h (Table 1). As these rates were measured 
in mixtures containing many of the amino acids, the difference 


’ between the value reported for alanine decomposition at 250 °C 


(380 min) and that calculated from the Arrhenius equation 
derived by Vallentyne® from Abelson’s* data (904 min) can be 
explained by the. increased rate of decomposition of the amino 
acid in a mixture’. An important exception to the decomposition 
of amino acids with t,,. values of l-5 h is aspartic acid, which 
decomposes far too rapidly to be measured by the methods 
reported here. Extrapolation of the data of Bada and Miller® 
for the deamination of aspartic acid to 250°C yields a tı; of 
only 7.5 s. In addition to the rapid decomposition of the amino 
acids, we would expect protein-bound amino acids to racemize 
readily at 250°C. This racemization has-been observed at tem- 
peratures much less than 250 °C for both free amino acids'” and 
amino acids bound either as proteins’? or as peptides derived 
from proteins! >”, 

Nucleic acids also undergo hydrolytic breakdown of the 


primary structure followed by the decomposition of each of the 


components. No attempt was made to measure the hydrolysis 


fate of a high molecular weight nucleic acid because the rapid 
-hydrolysis of bis-p-nitrophenyl phosphate, which ‘served as a 


odel-for the nucleic acid phospodiester group, suggested an 





Table 1 Half lives for the hydrol ysis and decomposition of various biómolecul 













Peptide bonds hy Phosphodiester bonds hia. 
(Ala), 5.8 min bis-p- Nitrophenyl! ` 
(Ala), 7.2 min phosphate 2.3 min, 
(Ala), $—11 min Diethyl phosphate 420 min 
N-acetyl Ala), 11.8 min E. coli DNA {2.5 x : 
Ala-Asp <i min 10 MW) 19.3 ps8 
Glu-Ala <i min 4 
48,000 MW protein < 1.08:s* Glycosidic bonds 

Amino acids. derived Adenosine 1.3 min 
from lysozyme ATP <bsi 
oe ma Carbon-nitrogen bond in purines and 

ys : rimidines 
Pro 120 min ae l 
Hu 65 min Uracil “1Simi 
Leu 100 min Thymine 57 mi 
Val 230 min Adenine 27 min 
Tyr 100 min Cytosine 29 min 





Free amino acids 







Asp 13 st 
Tyr 278 min 
Ser 5.3 ming 
Thr 0.75 ming 





* Calculated value assuming the rate of hydrolysis of each peptide bond n 
protein to be the same as that observed for (Ala). 

+ Calculated. from the equation, log kacam. (8° ') (pH 7.0) = 
given by Bada and Miller for the deamination of aspartic acid. 

+ Calculated from the data of Vallentyne for the amino acids dissolved in wat 

§ Calculated value assuming the rate of hydrolysis of each phosphodiester bon: 
in DNA to be the same as that observed for bis-p-nitropheny! phosphate: i 

| The specific bond decomposition (glycosidic, phosphate ester or phosph 
anhydride) responsible for the destruction of the ATP was not determined. 
Methods: Solutions (200 ml of |-mM) of the indicated biomolecules were prepa d 
in 0.1 M potassium phosphate buffer at pH 7.00 and degassed for 15 min wit 
oxygen-free nitrogen. Three 100- portions of this solution were transferre 
anaerobically to a 6 x50 mm:Kimax test tube which had been previously flushed 
with nitrogen. Each sample tube was then sealed by melting it just above th 
liquid level and mounted in a small wire holder so that the samples coud bi 
immersed and withdrawn from a silicone oil bath heated at 250+ 2 °C. Generally, 
a set of samples was heated simultaneously and individual samples were remove 
as a function of time. The exact time interval was based on the results of tës 
hydrolyses and allowed a minimum of four to five samples to be assayed, with: 
the longest time point corresponding to at least 86% sample destruction. Aftér: 
the samples had cooled to room temperature, the concentration of the starting” 
material and/or the product was assayed as described below. The t; was obtained 
by plotting the log of the sample concentration or absorbance against time, The 
slope of the resulting line divided into 0.693 gave the reported t; zz No change i 
the pH of the solutions was observed. Based on published data for the pio! 
phosphate buffers at 25-150 °C, the pH of the solutions used here were expected 
to be within 0.5 pH units of 7.0 at 250°C?™™, When heated, the contents of the 
sealed tubes reached 98.7% of their final temperature within ~1 min. This was: 
measured by a thermocouple inserted into an open sample tube containing silicone. 
oil instead of buffer: Peptide hydrolysis. and amino acid decomposition were. 
established by measuring the reduction in concentration of the peptide or amino. 
acid with time using a Beckman Model 121 automatic amino acid analyser. 
Hydrolysis of adenosine was established by both HPLC and gas chromatography, : 
HPLC allowed for the separation of adenosine from adenine. which, in turns. 
allowed for the Measurement of both the destruction of the adenosine and: th 
production of adenine”. Gas chromatography allowed for the quantitation of the 
adenosine after conversion into its trimethylsilyl (TMS) derivative”? . Decomposi 
tions of adenine, cytosine, uracil, thymine and tyrosine were determined b 
measuring the decrease in absorbance at their respective Amay Of 260.5, 267, 259, 
264.5 and 280 nm. Hydrolysis of bis-p-nitrophenyl phosphate was measured b 
the increase in absorption at 410 rim caused by the generation of the p- nitropheny 
anion. Hydrolysis of diethyl. phosphate was measured by determining the con 
centration of unreacted material as a function of time. This was done by extractin; 
the acidified samples with ethyl acetate and quantitating the recovered: diet 
phosphate by gas chromatography of the monoTMS derivative. The: derivative. 
Was prepared by reacting the diethyl phosphate with a mixture of pyridine, 
hexamethyldisilazane and trimethylsilyl! chloride (9: 3: 1)". ATP concentration 
was measured using the luciferin-luciferase reaction™*. 








































14.35 ~ 9047. 





extremely short half life for DNA. For example, using th 
observed t, for the hydrolysis of bis-p-nitrophenyl phosphate 
of 2.3 min and assuming that each phosphodiester bond in the’ 
Escherichia coli chromosome hydrolyses at the same rate, a DNA: 
molecule the size of an E. coli chromosome (2. 5 x 10° MW), 
containing 7.14 x 10° bases would be split with a #,,2 of 19.3 ps ; 
[(2.3 min/7.14 x 10°) x (60 s/min)]. Even using the data for the 

much more stable diethyl phosphate (1,,2 420 min), one half 
of the chromosome would be split at one of the phospho-’ 
diester bonds in 3.5 ms. The rapid hydrolysis observed for the, 








ig 2 Transmission electron micro- 
graphs of ultra-thin sections of 
Methanobacterium formicicum 
before (a) and alter (b, c) heating 
for 30 min at 250°C, Small arrows, 
cell walls; triangles, bud scars. Scale 
bars: 0.25 um (a), 10pm (b) and 
0.5 am {c). The samples contained 
80 mg wet weight of the packed cells 
suspended in | ml of the phosphate 
buffer. Cell suspensions were com- 
` pletely clear after | min of heating at 
250°C, indicating complete 
solubilization of the original cellular 
structure. On cooling, a precipitate 
developed which could be removed 















embedded in a mixture of Epon and Araldite? 
uranyl acetate?” and lead citrate’? 


N-glycosyl bond in adenosine (f,;. 1.3 min) is consistent with 
these bonds being the least stable portion of the DNA molecule. 
~The released purine and pyrimidine bases also readily decom- 
pose at 250°C with f, values of <1 h (Table 1, Fig. 1). The 
“stability of the phosphodiester bonds observed in DNA would 
<not, however, be expected in RNA, as the formation of 2',3’- 
“cyclic phosphodiesters would facilitate the hydrolysis’*. This 
has in fact been observed in the low-temperature (80-100 °C) 
hydrolysis of RNA'!° and DNA’. 

The concentration of ATP, the major energy transducing 
molecule in cells, decreased three orders of magnitude after the 
“sample had been heated for 30 s, a decomposition rate too rapid 
tobe measured accurately by the methods reported here. As the 
very specific luciferin—-luciferase assay was used to determine 
othe ATP levels, it was impossible to determine which portion 
-of the molecule was initially destroyed because the presence of 
-a cleaved bond in the ATP would indicate a reduction in the 
ATP concentration. Chelation of the ATP with a metal ion, 
which might be expected to increase the stability of the ATP at 
vhigh temperatures, has, in fact, been found to enhance the rate 
cof decomposition’’'°. The metal-ion catalysed hydrolytic 
‘cleavage of peptide bonds at neutral pH has also been reported”. 
The above rates of decomposition at 250°C can be better 
appreciated when they are compared with either the calculated 
“or observed rates for the deomposition of biomolecules around 
-400 °C, the present maximum temperature for bacterial growth. 
Thus, transfer RNAs still retain 27% of their biologically active 
‘structures after 10h at 90°C. RNAs and DNAs of 10,000 MW 
have t,,. values'® of 5-15 min, respectively, at 100°C. Based on 
‘the data of Tetas and Lowenstein'’, ATP at pH 5.07 has a t,,2 
of 4.7 h at 80 °C, while peptide bonds have f; values of ~1.7h 
at 130°C”. These rates of decomposition are small enough to 
conceive of a cell growing at 100°C, as has in fact, been 
observed’. 

The data reported here represent decomposition rates at 
9.2 atm, the vapour pressure of water at 250°C?'. As this 
“pressure is only 14.8% of that used by Baross and Deming! in 
their growth studies of the ‘black smoker’ bacteria, the effect of 
the higher pressure on decomposition rates was evaluated. Pub- 
lished data on a wide range of chemical reactions clearly show 
that the effect of these relatively low pressures on decomposition 
‘yates is minimal and would, in general, lead to an increase in 
hydrolysis rates at higher pressures’. This increase has been 
‘observed for the hydrolysis of several biochemically related 
-compounds**”*, Therefore, increased pressure would not be 
expected to increase the stability of the biomolecules. 

One of the advantages of the present experimental method is 
that.one can observe visually the physical state of the sample 
„through the glass tubes as the solutions are being heated—cloudy 
solutions indicate the presence of insoluble material and clear 
solutions indicate complete solubilization. Thus, suspensions of 
bovine sperm, E. coli and Methanobacterium formicicum cells 














































































from the buffer by centrifugation, Small pieces (~1 mm”) of the resulting pellet and of a control pellet from non-heated bacteria were 
immobilized in 1% agar and simultaneously fixed in glutaraldehyde and osmium tetroxide by the method of Franke er ai,**. Specimens were 
washed briefly in cold distilled water, soaked for 8h in aqueous 1% uranyl acetate at 4°C, dehydrated in an ethanol and acetone series, and 
é, Thin sections were collected on Formvar-coated copper, 100-mesh grids and stained in aqueous 
. Specimens were examined with a Philips EM 300 electron microscope operated at 60 kV. 


start out as cloudy solutions but become clear after a few minutes 
at 250 °C. These clear solutions then become cloudy on cooling 
and produce structures which have the appearance of cells (Fig. 
2). Although the chemistry of these structures was not evaluated, 
they are clearly non-living material related to coacerates and 
microspheres which form when hot solutions of proteins and 
nucleic acids are cooled”. Even in the absence of bacteria, 
structures similar to those shown in Fig. 2 have recently been 
produced with the same growth medium, temperature and pres- 
sure apparatus used by Baross and Deming”. It is more likely 
that structures such as these, and not bacterial cells; were obser- 
ved by Baross and Deming. 

I thank Dr Dan Dylewski for obtaining the electron micro- 
graphs, Lori Failla for performing the ATP assays, Cindy Knud- 
son for her help in performing some of the kinetic assays, Dr 
James Ferry for supplying the M. formicicum cells, and Linda 
D. White for editing the manuscript. This work was funded in 
part by NSF grant PCM-8217072 and grant J-38 funded by the 
Jeffress Foundation. 
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The impossibility 


of inductive probability 


POPPER and Miller are right! If inductive | 
support exists (a conjecture Popper and 
Miller doubt is true), it cannot be prob- 
abilistic support. In their note! they claim 
“to prove this thesis. 

“Let h=all emeralds are green, e= all 
observed. emeralds are green and f= all 
unobserved emeralds are green. Popper 
and. Miller: point out that k= 
(hv e)(h © e), where: v: signifies or and 
«signifies if. This conjunction ‘factors’ h 
into an: ampliative component, h+e, not 
entailed by e and a non-ampliative com- 
ponent, hv e, entailed by e. 

Other such factorizations of h are pos- 
sible. Jeffrey (see below) factors h into f 
and e; and h = f(f-> e) as well. The fac- 
torization favoured by Popper and Miller 
satisfies conditions (i) and (ii) of their 
note. This is why they favour it. Jeffrey's 
«factorization into f and e violates condi- 
‘tions (i) and (ii), but the factorization into 
J- and f>e, which shares a common 
- sampliative component with Jeffrey’s fac- 
torization, satisfies the two conditions. 

Popper and Miller show that the: prob- 
abilistic support for the ampliative com- 
ponent of their’ privileged factorization 
cannot be positive. If inductive support is 
probabilistic support, the ampliative com- 
ponent cannot possibly receive positive 
inductive support-—which is absurd. 

Jeffrey points out that the inductive sup- 
port for f (the ampliative of both fe and 
S(f>e)) can be positive. If we use the 
factorization into f and f-» e, we have a 





iw- factorization satisfying conditions (i) and 


(ii) where the ampliative component may 

réceive positive probabilistic support. 
This result does not undermine the 
Popper—Miller conclusion. On the 
contrary, it completes a. missing step in 
their argument. 

Two logically distinct hypotheses which 
are, nonetheless, equivalent given the total 
evidence, ought to receive the same induc- 
tive support from that evidence. The 
inductive support, relative to e, for h, f 
and k < e should all be the same since the 
truth of e entails that they are all 
equivalent. Hence, if we can show that 
there is a factorization relative to which 
the ampliative component cannot possibly 


(e receive positive probabilistic support, then 


„either: probabilistic support satisfies the 
elementary equivalence. condition just 
ted se that no factorization allows the 









ampliative component to have positive 
probabilistic support, or probabilistic sup- 
port. violates the equivalence condition. 
Probabilistic support violates the 
equivalence condition; but in either case, 
probabilistic support cannot be inductive 
support. 

This reasoning does not license the fur- 


ther conclusion advanced by Popper and `: 


Miller that probabilistic support is purely 
deductive. As we have seen, probabilistic 
support speaks with many tongues. 

The result which Popper and Miller 
(with help from Jeffrey) establish reminds 
us that Bayesians. overreach themselves 
when. they use measures of probabilistic 
support as indices of inductive support. 


ISAAC LEVI 


Department of Philosophy, 
Philosophy Hall, 

Columbia University, 

New York, New York 10027, USA 


1. Popper, K. & Miller, D, Nature 302, 687-688 (1983). 


IN their last paragraph Popper and Miller’ 
assert what I had thought Popper denied: 
‘There is such a thing as probabilistic sup- 
port’ (call it ‘s’), that is, 


s(h,e) = p(h, e)~ p(h) (1) 


which can be positive (that is, support), 
negative (countersupport) or null (irrele- 
vance). That clarifies matters. 

As they point out, any hypothesis, h, 
can be expanded relative to any statement, 
e, aS a conjunction 


h=(h«< e)(hve) (2) 


where the second factor is entailed by e, 
and where the factors are respectively 
unsupported and uncountersupported 
by e: 

s(hee,e)<0<s(hve, e) 


(3) 


(Except in trivial cases, both inequalities 
are strict, so that e supports the second 


factor, and countersupports the first.) The 
support e gives h lies between the supports 
it gives the separate factors, for it is their” 
sum: ‘deep 


s(h, e) = s(hee, e)+s(hve, e) (4) 


So far, so good. But at the end th 
proclaim: “This result is completely 
devastating to the inductive interpretatio 
of probability. All probabilistic supports 
purely deductive [because] that part ofa 
hypothesis that is not deductively entailed: 
by the evidence is always strongly counter: 
supported by the evidence . T 

I say the reason givenis specious, being : 
based on this. thought: The part of h. that 
goes beyond- must be the weakest truth 
function of hand e which, conjoined wit 
hve, yields .h, To see.that this is false 
consider the familiar case where A is. 
universal generalization to which al 
observations have conformed so: far, for 
example, h = all are green, e = all we have | 
seen are green. Here, the part of h-that | 
goes beyond e is clearly: 





f=so are the rest 


and A<e-is another matter altogether: 
since h= ef, we have h< e=efee=fe 
e# f so that hee is not f but fee, that. 
is, if all we have seen are green, so are th 
rest. And: the relevant factoring is no 
equation (2) but h = fe, where f is no done 
function of h and e. l 

Observe that where h implies « é, e must 
p-support h (unless p(h}=0or pte)s t); 
and so, normally, ‘all we have seen äre. 
green’ p-supports ‘all are green’. Inductive: 
support is probabilistic where it exists, for 
example, where ‘all we have seen are. 
green’ increases the probability of ‘so are 
the rest’. (Itis f<e, not f, that has to be” 
countersupported by e.) But whether p- 
support is inductive or not depends on p; 
since, for example, sf e)<0<s(h, e) 
when: in place of ‘green’ above. stands 
‘grue’ (viz. green if already observed, and. 
ane blue). Here, indeed, e supports 

h.(=ef) only because it supports, itself.” 
But this is not always so. 


RICHARD C. JEFFREY: 
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ably mean roughly what they have meant 
in the past, and in particular whenever we 
write letters to Nature, we are relying on 
probabilistic induction'*. Therefore, 
when Popper and Miller’ claim to prove 
-the impossibility. of inductive probability 
_ this argument needs to be watertight if it 
isto be believed. Their argument falls short 
of achieving the potentially watertight (but 


CU Let A be any hypothesis and e any event 
‘such that p(e)#1 and p(h,e)#1, and 
suppose that h can always be written in 
the form h = ab where (1) e deductively 
implies b, (2) e probabilistically under- 
mines a, that is p(a,e)<p(a), and (3) a 
and b are probabilistically independent. 
All this is to be true even if p(h, e) > p(h). 
‘This situation would I think be “com- 
pletely devastating to the inductive inter- 
“pretation of the calculus of probability”. 
to quote Popper and Miller’. 
~ Popper and Miller in effect define a as 
h«e and b as hv e. Then all conditions 
are satisfied, except that their condition 
(3) is replaced by the weaker condition: 
(3a) a and b are probabilistically indepen- 
dent when e is given (they are also 
¿independent given —e). But, apart from 
the uninteresting cases in which p(h, e) = | 
“cor p(h,-e)=1 or ple)=1 or p(-e)=1 
(where ~ signifies not), the independence 
of a and b is impossible, that is, 
p(a)p(b)# p(ab) which is p(h). This can 
«be proved by elementary algebra (the 
«proof is available on request). Because I 
believe that inductive probability cannot 
be refuted 1 predict that Popper and Miller 
will net be able to redefine a and b to 
satisfy the conditions of my second para- 
;: graph, which include condition (3) instead 
of only (3a). Thus, in accordance with 
Popper’s standard and justifiable require- 
ments, I have stuck my neck out and have 
handed him an axe. 

After reading the text above, David Mil- 
ler asked me in what way I “understand 
the splitting of a hypothesis into an estab- 
lished and an ampliative part”; that is to 
say, “how are we to specify which part of 
a hypothesis goes beyond the available 
evidence e?” My definition would be the 
set H of those deductions from h that are 
not deductions from e. This definition is 
not the same as ~e v A, or h e e, which was 
the definition proposed by Popper and 
Miller. I. think my definition has more 
intuitive appeal, and if itis used, Popper 
‘and Miller's argument against the possi- 
bility of induction would not apply. 
| Miller has asked further why I think 
that the part of h that goes beyond e 
-should be statistically independent of e. 





WHENEVER we assume that words prob- The answer is th: 











think this: I raised the issue of the prob- 
abilistic independence of hv e and hee 
because Popper and Miller stated in their 
original letter’ that “given e, the factors 
of h are probabilistically independent” so 
I assumed that this was intended to be a 
link in their chain of reasoning. If it was 
not so intended, then the second and third 
paragraphs of the present letter can be 
ignored. Moreover, if my definition of the 
ampliative part, H, of h is accepted, then 
this issue of independence would again 
evaporate. 

Miller has pointed out in correspon- 
dence that H is not a proposition, for it 
contains h, but does not contain h v e even 
though Ave is a deduction from h. He 
has pointed out further that H contains 
some statements, such as h< e, that are 
undermined by e. These are interesting 
observations, but I still think that H, rather 
than h <- e, provides the natural meaning 
for the part of h that goes beyond e. Prob- 
abilistic induction might be complicated 
but it cannot be impossible for the reason 
given in the first sentence of this letter. 
Note added in proof: If inductive support 
does not mean probabilistic support, I do 
not know what it means. 
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POPPER AND MILLER REPLY—As Levi 
says, “probabilistic support speaks with 
many tongues”; in other words, between 
he, the strongest, and h <- e, the weakest 
statement to entail just h in the presence 
of e, there are many others, and each may 
have a different degree of probabilistic 
support given e. Let x be one of these 
statements, so that 


het xt hee 


(where +- signifies entailment). Then it fol- 
lows simply from Jeffrey’s equation (4) 
that 


s(x, e) = s(xve,e)+s(hee, e) 


The first of the terms on the right is greater 
than or equal to zero, but purely deductive. 
So only the second term, which is never 


I do not by any means: 








positive; can be said to be non-deductive. 
(and so perhaps inductive). Inductive sup- 
port (if any) is therefore at most zero: all 
non-deductive support is countersupport. 
None of our three correspondents has said 
a word against this thesis: Levi seems to 
agree; Jeffrey’s f is a special case of our 
x: Good’s letter begins and ends with a 
declaration of faith in probabilistic induc- 
tion. In the rest of his letter (as he says, 
his second and third paragraphs can be 
disregarded) he proposes (like Jeffrey) a 
different factorization from ours. But the 
proof of our thesis does not depend on 
our factorization, only on the fact that 
s(hve, e) ors(x ve, e) is purely deductive 
support; whilst s(x < e, e) = s(h<e, e) is 
the only support without a deductive part 
that is obviously redundant in the presence 
of e. 
Thus all probabilistic support that is hot 
countersupport is purely deductive. 

We wish to withdraw as incorrect the 
suggestion near the end of our letter of 21 
April 1983 that s(h<e,e) invariably 
decreases as the content of e increases. 
Our main thesis is not affected by this 
correction. 


KARL POPPER 
DAVID MILLER 


Fallowfield, Manor Close, 

Penn, High Wycombe, 
Buckinghamshire HP10 8HZ, UK 
and 

Department of Philosophy, 
University of Warwick, 
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Matters Arising 


Matters Arising is meant as a vehicle 
for comment and discussion about 
papers that appear in Nature. The 
originator of a Matters Arising 
contribution should initially send his 
manuscript to the author of the ori- 
ginal paper and both parties should, 
wherever possible, agree on what is to 
be submitted. Neither contribution 
nor reply (if one is necessary) should 
be longer than 500 words and the 
briefest of replies, to the effect that a 
point is taken, should be considered. 
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"Concepts of change 
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Catastrophes and Earth History: The New Uniformitarianism. 
Edited by W.A. Berggren and John A. Van Couvering. 
‘Princeton University Press: 1984. Pp.464. Hbk $65, £60.10; pbk $19.50, £13.90. 





WHILE generations of geologists have been 
reared on Charles Lyell’s doctrine of uni- 
formitarianism, few have had an adequate 
appreciation of just what was meant by the 
term, or of why the issue was so conten- 
tious during much of his lifetime. His 
opponents, collectively dubbed ‘‘catastro- 
phists’’ by one of them, William Whewell, 
have not had a fair press partly because 
Lyell’s own version of the history of geo- 
logical thought has been so widely and un- 
critically accepted. Certainly the unifor- 
mitarian doctrine is not satisfactorily ren- 
dered by the trite phrase taught to every 
geological student, “the present is the key 
to the past”, because this actualistic princi- 
ple was accepted by catastrophists and 
uniformitarians alike. What was more 
significantly at issue was whether, as Lyell 
believed, the Earth was essentially in acon- 
dition of steady state, or whether there had 
been progressive changes through time, 
with infrequent cataclysmic interruptions 
to.a normally rather quiescent planet. 

In recent years there has been consider- 
able ‘re-evaluation of the work of the 
leading early-nineteenth-century geolo- 
gists; and.areaction against Lyell has set in. 
Lyell-of course lost the argument about 
progressionism in the biosphere well before 
the end of the century, ironically: because 
of the success of the theory of evolution 
propounded by his most ardent uniformi- 
tarian supporter; Charles Darwin, but the 
situation with regard to the inanimate 
world has been less clear-cut. It now ap- 
pears that Lyell’s steady-state Earth model 
is not at all a bad approximation for the 
past 2,500 Myr, provided that the cyclic 
changes inferred are considered as gross en- 
tities — the world of the Archaean was, 
after all, a closed book to nineteenth- 
century geologists. On the other hand there 

“has been a resurgence of interest in ‘‘cata- 
strophes” viewed as short-lived, compara- 
tively violent interruptions to longer-lived 
episodes of relative quiescence, in fields as 
diverse as geomorphology, sedimentology, 
volcanology, tectonics and evolutionary 
palaeontology. 

This volume contains 18 contributions to 
two symposia held in 1977, one at Woods 
Hole on the current state of uniformitar- 
ianism, and the other at the University of 
Kansas on the subject of the Cretaceous- 
Tertiary boundary. The deplorable lapse of 
time between the holding of the symposia 

and publication of the book has meant that 

a number of the articles seem badly dated, 
+ “such that a few authors might feel embar- 

_rassed to see their work in print at this late 











stage. Fortunately some chapters, especial- 
ly those with substantial palaeontological 
documentation, are still well worth 
reading. 

The longest and most interesting articles 
stemming from the Woods Hole meeting 
are the historical and philosophical essays 
by Gould and Benson. Both authors recog- 
nize that catastrophists such as Cuvier were 
the true empiricists of the day, interpreting 
the stratigraphic record. as it appeared, for 
instance in the abruptly changing succes- 
sion of fossil faunas, and that Lyell intro- 
duced confusion into the argument. Gould 
maintains that Lyell’s gradualism, which 
so deeply influenced Darwin, was ideologi- 
calin origin, imposing on the natural world 
a view derived from contemporary liberal 
politics, as opposed to the alternative 
Marxist view of history, propounded a few 
decades. later, which claimed periodic 
revolutionary interruptions to a stable 
order. 

It is always difficult to find firm support- 
ing evidence for arguments postulating an 
influence by the contemporary Zeitgeist, 
because. by its very nature the influence 
might be unconscious, but one can propose 
amore likely alternative, A link can be trac- 
ed. between Lyell’s Principles of Geology 
and the earlier writings of James Hutton, 
though this is not acknowledged by Lyell 
himself: 

In examining things present, we have data from 
which to reason with regard to what has been 

. Therefore, upon the supposition that the 
operations of nature are equable and steady, we 
find. . .ameans of concluding a certain portion 
of time to have necessarily lapsed, in the produc- 
tion of those events of which we see the effects 
[J. Hutton in Theory of the Earth; my italics]. 


Thus the assumption of ‘‘equable and 
steady operations of nature’’ could be used 
as a heuristic principle to evaluate the 
passage of time, and it seems to me that 
here we have the key to Lyell’s doctrine. If 
any politics were involved they were the 
politics of a scheming and ambitious scien- 
tist who failed to give acknowledgement 
where it was due and. unfairly denigrated 
the work of his opponents. 

The proceedings of the Kansas sym- 
posium include two general articles by 
Newell and Fischer, Newell reviews mass 
extinctions in their historical context, 
referring to the pioneer work of Cuvier and 
Brongniart in the Paris Basin, and looks to 
their cause in the chance coincidence of 
multiple factors such as changing habitat 
area, climate, and air and water chemistry. 
Fischer puts forward a stimulating model 















































involving two Phanerozoic. super-cycles in 
which the Earth oscillates between an: 
Icehouse and a Greenhouse state. The 
former is characterized by low sea-level, 
cold ice-capped poles and strong ocean cur- 
rents, the latter by high sea-level, equability 
and widespread oceanic anoxia. A prime 
link is seen with plate tectonics. As co 
tinents split up, ocean ridges increase in 
volume and displace water over the con- 
tinents. As a result of greater volcanicity 
producing more carbon dioxide and reduc- 
ed land area limiting the amount of carbon 
dioxide lost by rock weathering,.the a 
mospheric greenhouse effect causes a 
global rise in temperature. 

In the light of the enormous interest: 
generated over the ‘‘catastrophe’’ at the 
Cretaceous-Tertiary boundary, the ar: 
ticles of greatest value may well. be the 
reviews of changes in various animal and. 
plant groups across the boundary. These 
have been updated to 1980 and hence con- 
tain mention of the Alvarez hypothesis. : 
Kauffman points out that extinctions in the 
marine realm were graded over a 1-5- Myr 
period and are primarily the result of 
general environmental deterioration: pr 
duced by a fall in sea-level and water 
temperature. The extinction pattern ‘is 
thought, however, to have probably been 
enhanced by some extraterrestrial even 
near the terminal phase, which served as. 
“the last straw”. Neither Hickey nor 
Tschudy find any evidence in the plant 
record of a terminal Cretaceous cata 
strophe consistent with the Alvarez dust- 
cloud scenario, as opposed to a more 
gradual increase in extinction rate caused 
by climatic deterioration. Similarly, Archi-. 
bald and Clemens state that the turnover in. 
terrestrial mammals was not catastrophic; 
indeed was no more marked than usually 
seen between any given succession of North’ 
American land-mammal ages. Russell, 
however, finds no evidence of a decline in 
dinosaur diversity before the end of the 
Cretaceous, and therefore feels that it isnot 
possible to eliminate extraterrestrial hypo- 
theses from consideration for this group at 
least. 

Although the Alvarez team and others. 
have recently found iridium anomalies at 
many more Cretaceous—Tertiary boundary 
localities, serious doubts and difficulties. 
petsist about extraterrestrially-induced 
catastrophes, especially as a general ex- 
planation for mass extinctions. The issue is 
likely to remain unresolved for a consider- 
able time yet, and much cooperative 
analysis is called for between teams of 
specialists working on the Phanerozoic. 
as a whole. Lyell accused his catastrophist © 
opponents of trying to cut, rather than 
patiently unravel, the Gordian Knot. He 
would no doubt shake his head sadly at 
those modern catastrophists who favour a: 
quick fix fora long-standing problem. © 





A. Hallam is Lapworth Professor of Geology at 
the University of Birmingham, UK. 




























































The Earth’s Magnetic Field. 

» By Ronald T. Merrill and Michael W. 
McElhinny. 

Academic: 1983. Pp.401. Hbk £39.50, 
$67.50; pbk £17.50, $30. 

_ Reversals of the Earth’s Magnetic Field. 
By J.A. Jacobs. 

dam Hilger, Bristol and Accord, Mas- 
“sachusetts: 1984. Pp.230. £19.95, $35. 





DURING the past decade there has been a 
ramatic increase in our knowledge of the 
“behaviour and origin of the Earth’s 
“Magnetic field. This revolution, if so it can 
“be called, stems from (i) the greater 
information on the present field, available 
rom satellite monitoring, (ii) on its past 
ehaviour, as provided by palaeomagnetic 
“studies, and (iii) from improved concepts 
“of the nature of magnetohydrodynamic 
processes. It is no longer necessary to avoid 
questions of the origin of the geomagnetic 
- field by simply stating that it is dynamo, 
and is now possible to discuss how that 
dynamo may operate and how it is driven. 
The problem has not been solved, but at 
east certain constraints are now accepted 
and we can pose hypotheses that are 
-testable by further observations. 
Merrill and McEthinny make it their aim 
“te combine accounts of advances in 
“observatory studies with those in palaco- 
magnetism and theoretical dynamo 
-concepts in order to allow geomagnetic 
“theoreticians to speak to palaeomagnetists, 
and vice versa. They have certainly 
provided a readabie text; although some 
mathematical background is required for 
the more theoretical chapters, it is not 
-beyond that which could be expected from 
a final-year geophysics undergraduate. 
-The real surprise, given the book’s title, is 
“the lack of attention which is paid to 
satellite observations and to aeronomy. I 
“would also have liked to have seen more 
critical appraisal of such things as the 
‘evidence for and significance of the 
frequency of polarity changes in the past, 
or the evidence for possible asymmetric 
‘polarity changes in the Precambrian — 
most such discussion does not go beyond 
that: previously reviewed in other books. 
However, such a comment should be taken 
as a compliment about the generally 
excellent level. of reviews presented. 
The production is good, and the book is 
-owell indexed and, with some exceptions, 
: well referenced — although one wonders 
awhy the historical references are not 
included. Mention of one reference 
published in June 1984, a week after receipt 
Of the. book for review, also contrasts 
starkly with the omission of any reference 
to Thellier’s archacomagnetic summary 
paper of 1981. 
=: Jacobs’s book deals with only one aspect 
of the geomagnetic field — its ability to 








important contribution that has and will 
still come from palaeomagnetic studies. 
The style is, as always, highly readable and 
the mathematical content is much less than 
in Merrill and McElhinny. Although 
Jacobs devotes the whole book to this one 
aspect — plus a few asides into climatic 
effects -- the textual space is essentially 
similar as his book is only half as thick. 
There is, however, much greater and 
thorough discussion of the actual 
observations, Merrill and McElhinny being 
more concerned with consequences. 
Jacobs, for example, discusses the 
petrology: polarity correlations which are 
dismissed as a ‘‘data artefact” by Merrill 
and McElhinny. While such an assessment 
is probably correct, the argument is of 
interest. Another of R.L. Wilson’s 
observations — the far-sided nature of the 
time-averaged palaeomagnetic pole — is 
similarly given greater consideration by 
Jacobs. 











books. For a graduate or postgraduate 
course on ‘‘pure’’ geomagnetism I would, 
in any case, marginally prefer the better 
balance towards aeronomy provided by 
W.D. Parkinson’s Introduction to 
Geomagnetism (Scottish Academic 
Press/Elsevier Scientific, 1983). All three 
books really need to be in any geophysics 
library. Pedagogically I would be happy 
for any student to read either of these 
newer. contributions. Both give helpful 
accounts of the solid-Earth aspects of 
geomagnetism and, to some extent, are 
complementary to one another — Jacobs 
providing a clearer general appraisal of the 
present data and Merrill and McEthinny 
giving a better appreciation of the 
implications of those data to geomagnetic 
theories. a 





D.H. Tarling is Reader in Palaeomagnetism in 
the Department of Geophysics and Planetary 
Physics, University of Newcastle upon Tyne. 
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Random Variables. 
By Lord Rothschild. 
Collins: 1984. Pp.238. £12.50. 





‘Perhaps | can deal with your questions by 
telling you why we invited you to speak. You 
have had a rather unusual life, more like 
someone two hundred years ago. You have 
changed your job so often.” 

“25 years in a laboratory at Cambridge studying 
the biophysics of reproduction’, I protested. 
“Yes, but you were for 10 years the Research 
Director of Shell, and then you became a sort of 
civil servant. And you’re a banker,” 
“Banker,” I protested again: ‘‘Never.’’ 

“But you are called Rothschild.” 

Stunned, I was not quick enough to remind 
Colonel B. that the London telephone directory 
contains Rothschilds who are dentists, 
accountants, doctors and one who simply calls 
him or herself Trading Company. 


Do you pick up something of an authorial 
tone of voice in that extract? It is the tone 
of voice binding together this collection of 
pieces which Lord Rothschild presents 
under the title of Random Variables, 


| artlessly recognizing in his preface that 


there is ‘‘a remote chance that a mathe- 
matician might be taken in by the title’. A 
mathematician, quite possibly several 
readers of Nature; and, as a matter of fact, 
the present reviewer — thus disclosing my 
sole cause for any disappointment in the 
book: I was rather hoping for some 
amusingly far-fetched metaphor to make 
itself apparent. But no. “An abstract 
concept in mathematics’’, says Lord 
Rothschild, “not a subject for discussion 
here, even if the common reader were 
interested’’. So much for the likes of me! 
It’s an entrancing book and I enjoyed every 
minute of it. 





The eponymous variables consist of 
recollected episodes in the author’s life, 
personal encounters that have caught his 
fancy, a speech or lecture here and there, 
comments on certain bits of government; 
plus two extended and fascinating pieces of 
family history. There is no common 
thread, other than the audible expression 
of the author’s personality — clever, 
inquisitive, shrewd, high-spirited, and, no 
matter how deeply he is concerned, instinct 
with a fine carelessness that to me is most 
attractive. ‘‘This book, unlike that of my 
cousin Baron Guy de Rothschild’’, he says, 
“contains little or nothing about the signes 
extérieures de la richesse’’. What about 
signes intérieures? one feels inclined to ask. 
A wonderfully fine carelessness... . 

I suppose one would have to credit 
Colonel B. with an equally if antithetically 
fine carelessness; when he says a sort of 
civil servant, he is referring to Lord Roths- 
child’s having been the first head 
(appointed by Mr Edward Heath, then 
Prime Minister) of the Government’s 
Think Tank. Two of Lord Rothschild’s | 
variables are about the Think Tank, and 
they include personal encounters with Mr 
Heath and Sir Burke Trend and Sir William 
Armstrong, in which Lord Rothschild 
displays a novelist’s knack of showing his 
characters being themselves — which 
aren’t necessarily the selves they think they 
are projecting. Mr Heath dutifully makes 
statements which in effect carry the 
conversation forward not one iota. Sir 
Burke and Sir William hover in the 
background, their antennae anguishedly 
sensitive to the presence, in Lord 
Rothschild, of someone who may rock the 
boat. “‘Victor, if forced by circumstances 
to answer’’, Sir Burke says to him after- 
wards, ‘‘you may say that the Central 
Policy Review Staff is taking an interest in 
such-and-such a subject. That is as far as 
you may go. You may not say that you are 





writing a report on any subject nor that you 
have written one’’. 

I may not linger in detail on the remain- 
ing 26 variables, such as Lord Rothschild’s 
ideas about the use and beauty of Royal 
Commissions (both liable to be nil); and a 
reported Court case in which, as plaintiff, 
he finds himself in Kafkaesque 
entanglement with LawSpeak. It is the 
chapters of family history which are the 
major pieces; guaranteed, I should have 
thought, to fascinate any reader by their 
combination of dramatic high affairs, huge 
sums of money and a stunning intelligence 
system. The first is about N.M. 


Rothschild, the founder of the family 


Lord Rothschild — “ʻa fine carelessness’’. 


fortunes in Britain, who was supposed to 
have been present at the Battle of 
Waterloo, to have correctly observed 
which way the battle was going and to have 
returned instantly to London — there to 
buy up all the consols he could lay his hands 
on while they stood at a low price because 
of the city’s pessimism about the result of 
the battle, and then to sell them next day 
when the price shot up at the news of 
victory. Lord Rothschild finds evidence 
that NM was not at Waterloo, and so the 
historical conundrum is set: How was the 
good news instantly brought from Water- 
loo to NM? And what happened then? 
The second chapter, longer and more 
complex, is about NM’s son, Baron Lionel 
de Rothschild, who put up the money for 
the British purchase, in competition with 
the French, of the bankrupt Khedive’s 
shares in the newly-completed Suez Canal 
— outcome of Baron Lionel’s loyal friend- 
ship with Disraeli, which enabled Disraeli 
to get advance intelligence from him about 
the Khedive’s plans and then to procure 
from him the necessary funds with greater 
secrecy and speed than could have been 
possible otherwise. Remarkable chapters 
in a book that doesn’t vary from being 
informative, amusing and enjoyable! © 


William Cooper is the pseudonym of the 
novelist Harry Hoff. His most recent book is 
Scenes from Later Life (Macmillan, London, 
1984). . 
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Conceptual Structures: Information 
Processing in Mind and Machine. 
By John F. Sowa. 

Addison-Wesley: 1984. Pp.481. 
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ARTIFICIAL intelligence has produced the 
latest new technology to enter popular 
awareness. ‘‘Expert systems” are advanc- 
ed computer systems which solve problems 
that were previously thought to be the 
preserve of human beings; not just any 
human being, but experts. Artifical intelli- 
gence (AI) techniques are used to emulate 
(to a first approximation) the problem- 
solving and decision-making of the expert 
human mind. Systems for medical diag- 
nosis, geological data interpretation, semi- 
conductor chip design, fertilizer selection, 
tax advice and so on have all been success- 
fully developed to some degree, and the 
potential range of this new technology is 
enormous — even the emulation of exotica 
such as the military, scientific or political 
mind no longer seems entirely absurd. 

In the middle of all this enthusiasm for 
‘knowledge engineering’ it is easy to 
forget that artificial intelligence is not new, 
and that it did not originally set out to be an 
engineering discipline but a science. The 
early workers defined their goal to be an 
understanding of the principles that under- 
ly intelligent behaviour in man, animals 
and (their special contribution) machines. 

Artificial intelligence emerged in its 
modern shape when computers became 
available during the mid-1960s to scientists 
of many disciplines. Intelligence was seen 
as the capacity to manipulate symbols and, 
consequently, it could be understood in 
terms of symbol-manipulating models run 
on computers. Since the very early work on 
problem-solving and theorem-proving, 
researchers in AI have gone on to model the 
processes of visual perception, the under- 
standing of language and speech, learning 
and the acquisition of intellectual skills, 
and even the formation of beliefs, social at- 
titudes and the development of psychiatric 
conditions. 

These subjects somewhat resemble those 
which have traditionally been the province 
of psychology. So what were psychologists 
doing during this period? Partly due to its 
Own successes, and partly due to the influ- 
ence of AI concepts, ‘‘cognitive psychol- 
ogy” was also developing rapidly in such 
fields as perception, memory, decision- 
making and so on. The relationship bet- 
ween the two communities was usually 
fraternal. The reference sections of 
psychological papers often acknowledged 
the contributions of AI, and vice versa. 

Often, however, the acknowledgements 
were superficial only, and discussions were 


peppered with critical exchanges. Pro- 
grammers in AI may be vigorous and in- 
ventive, say many cognitive psychologists, 
but they are not scientists with the normal 
discipline for careful, systematic enquiry 
that the term implies. The counter is that 
psychologists are obsessed with method- 
ology. They miss the point, and the in- 
sights, of AI demonstrations of what is 
possible with symbol-processing mechan- 
isms. 

Over the past ten years there have been a 
few, but generally less than successful at- 
tempts at synthesis, although a name has 
been invented, ‘‘cognitive science’’, which 
is supposed to cover both scientific Al and 
cognitive psychology. Unfortunately most 
cognitive scientists are only well informed 
about one of the branches. They are also 
trained very differently and their books 
and journals show it. It is against this 
background that John Sowa’s book ap- 
pears. 

At first sight the book looks as though it 
might be something special indeed. The 
chapter headings cover a range of core 
ideas, including the philosophical basis of 
Al, reasoning and computation, language, 
psychological evidence and — above all — 
knowledge. Furthermore the preface 
declares that the book ‘‘combines AI and 
cognitive science approaches. . . . In com- 
bining insights from each of the separate 
fields, the book gives a unified view of 
knowledge representation”. 

Sowa applies a general plan to each 
chapter wherever possible, the first few 
pages being background material contain- 
ing wide-ranging discussion. These sec- 
tions usually summarize psychological 
research and findings (in perception, 
language and so on) before going into more 
detailed, technical presentations on the 
same subject where the emphasis is on com- 
putation and formalization. Sowa main- 
tains an attractive, readable style through- 
out the book, studded with illuminating il- 
lustrations of his points from a remarkable 
variety of fields ranging from optical illu- 
sions perceived by the peasants of 
Uzbekistan to the structure of early Greek 
poetry. 

This has the feeling of a mature work, a 
long time in the making and reflecting years 
of serious thought. It is surprising there- 
fore that the book includes chapters on re- 
cent topics such as knowledge engineering 
as well as classical ones. This is one of its 
strengths as Sowa is able to cut through 


New editions 


@ Microbiological Methods (Sth Edn), by C.H. 
Collins and Patricia M. Lyne. Publisher is 
Butterworths, price is pbk £18, $49.95. 

@ The Biochemical Mode of Action of 
Pesticides (2nd Edn), by J.R. Corbett, K. 
Wright and A.C. Baillie, Publisher is Academic 
Press, price is £35, $59. 

@ The Sulphate-reducing Bacteria (2nd Edn), 
by J.R. Postgate. Publisher is Cambridge 
University Press, price is £20, $39.50. 
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some of the Al jargon and relate the new 
ideas to established topics such as data- 
bases and query languages. The references 

how the same careful mix; they are com- 

_ prehensive but up to date throughout. 

The most obvious manifestation of the 
book’s maturity, apart from style and 

‘balance, is that Sowa manages to convince 

the reader that most of his diverse material 
can be brought together under a single 
heoretical idea, the ‘‘conceptual graph’’. 

“This is a formal, symbolic structure which 

scan be manipulated by a computer, and 

“which can represent many types of human 

: knowledge. By the end of the book one is 
convinced that the concept may be suffi- 
cient to support machine-reasoning, 
language (syntax and semantics), decision- 

“making, learning and (just possibly) creati- 
vity. Those familiar with AI will find many 
familiar themes, but the integration of sub- 
jects and the extensive investigation of the 

‘ormal properties of symbolic structures is 
impressive. 

=° Tam less sure about Sowa’s discussions 
of the human equivalents of these machine 

processes. Certainly his knowledge of and 
respect for the work of psychologists is 

-refreshing. There is even a hint of affection 

` for people, which I often miss in the 

-amachine-obsessed books of the AI world, 
however good they may be technically. But 
while the psychological material broadens 
and enriches the book, to say that the fields 
are “unified” is a little strong. More 

“significantly, however, is that the attempt 

-at “unification” is really an attempt on the 

“terms of AI, not those of cognitive 

._ psychology. The links which are made bet- 
ween the performance of programs and 
observations made by psychologists can be 

“somewhat superficial and unconvincing. 
-They appear to be included to show us that 

_ programs can show interesting features of 

“intelligence, not that they have truly 
human characteristics of intelligence. 
There is little effort to consider whether the 

+key concept of the conceptual graph can 

- explain in any detail the things that the 

chuman mind does not do, as well as things 

tcan do. One suspects that — like other AI 

videas — the conceptual graph is powerful 

enough to. encompass many bad theories of 
mind as well as good ones. 

o Conceptual. Structures is not the missing 
classic, the book that really achieves a uni- 
fication of the two fields, but it is one of the 
best attempts that I have seen. Perhaps the 

AI traditions of imagination and vigorous 

“inventiveness are still too far from the 
scientific. tradition of systematic experi- 

“mentation respected by cognitive psychol- 

« ogists. The book is nevertheless instructive 

: and entertaining, detailed but economical. 

It would be on my list of six AI books to 

„take to a desert island, and any student of 
cognitive science will find it very reward- 


“ing. Ql 











John Fox is Head of the Biomedical Computing 
Unit at the Imperial Cancer Research Fund 
Laboratories, London. 
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IN his farewell address to the nation, 
President Dwight D. Eisenhower warned 
of the ominous encroachment of the 
‘“‘military~industrial complex” into 
American life. In 1980, Dr Arnold Relman, 
editor of The New England Journal of 
Medicine, raised another spectre, the 
threat of the ‘‘medical-~industrial com- 
plex”. Relman had noticed that profit- 
making groups had suddenly assumed 
ownership of a great network of hospitals, 
ambulatory surgical centres, free-standing 
emergency rooms, diagnostic laboratories, 
alcoholic treatment facilities and a range of 
other health-care services. 

In little more than a generation, corpora- 
tions have leaped from owning a handful to 
controlling about a third of the country’s 
community hospitals, mostly in affluent 
suburbs, Today, for-profit systems own 
nearly 400,000 hospital beds as part of a 
$118 billion industry, which includes the 
vast clinical supply business — 
pharmaceuticals, medical technology, 
food services and so on. One dollar in three 
spent on health care in the United States 
goes to corporations. Relman rightly 
feared that the result would be a return to 
“two-tier” care for Americans — one for 
those who can pay and another, far less 
adequate and less accessible, for the poor. 

Adopting Relman’s apt phrase as the 
title for his book, Stanley Wohl, a 
physician on the staff of the Stanford 
Medical Center and president of his own 
medical research and service company, 
offers us an exposé of the medical system. 
The dust jacket tells us that Wohl’s book 
‘picks up” from Paul Starr’s Pulitzer- 
Prize-winning work, The Social Transfor- 
mation of American Medicine (for review 
see Nature 304, 667; 1983). But Wohl pro- 
vides neither Starr’s historical perspective 
and keen analytical skill, nor does he go 
beyond Relman’s original observations. 

Wohl re-states what others have already 
concluded; the introduction of the cor- 
poration as a provider of health-care is 
likely to exacerbate, rather than relieve, the 
more intractable features of the system. To 
boost profits, corporations will further 
inflate the price of health care, despite 
claims that for-profit networks are best at 
containing costs through rational organi- 
zation, economies of scale and tougher 
management. Recent studies, comparing 
‘‘investor-owned’’ with non-profit 
hospitals, reveal that, on average, private 
chains charge more. Wohl quotes the head 
of American Federation of Hospitals, the 
business association of the private chains, 
as saying, ‘“You can’t be both newer and 








A we never said we're cheaper”. 

American medicine is already the most. 
wasteful in the world, annually spending 
$1,500 per capita on health care — much 
more than any other nation. Despite 
Wohl’s claim that the United States 
delivers ‘‘the highest quality [care] on 
earth’’, a new survey carried out by The 
Economist shows otherwise. In neither life 
expectancy nor infant-mortality rates — 
the two key indicators of national health — 
does the United States score best, A 
number of other industrialized countries 
are out in front. For instance life 
expectancy in Japan is 77 years (75 years in 
the United States) and infant mortality 7 
per 1,000 live births (12 in the United 
States). And while (for example) Britain 
spends almost three-quarters less than the 
United States on health — about. $400 per 
capita — Britain is only a year behind the ~ 
United States in life expectancy and equal 
in infant-mortality rate. 

Wohl hopes that the American system 
can be saved by preserving the autonomy 
and authority of the physicians themselves. 
When doctors are in control, Wohl 
believes, the national interest will be 
served. But, by and large, American 
doctors have not performed well at keeping 
costs down, nor do patients fare best when 
physicians retain complete control. 
American doctors have fought a century- 
long battle to keep medicine as a profitable 
product rather than a public trust, ulti- 
mately setting the stage for the corporate 
invasion. Now, ironically, doctors are | 
being forced to become company men, 
working for wages. Turning once again to 
the doctors for help does not appear to be 
wise. 

In his comedy-thriller The Man Who 
Knew Too Much, Alfred Hitchcock 
guessed that the ‘‘commodification”’ of 
health care was one of the nastier secrets in 
American medicine. In that movie, Jimmy 
Stewart plays a mid-western doctor on 
holiday in North Africa, Doris Day plays 
his wife. 

Doris Day: Do you know what's paying for this 
trip? 

Jimmy STEWART: What? : 
Doris Day: Mrs Campbells gallstones. And the 
pearls you bought me in Paris? Paid for by 
Johnny Smith’s tonsils. 

Jimmy Stewart: You know, I never thought of 
it that way. 

Doris Day: What would they think of us, if they 
heard us back hame? 

The folks back home, then as now, 
uncritically accept the principle that 
medicine is a commodity, to be bought and 
sold on the market, with profits going to 
controlling interests. That is why Wohl’s 
proposals for reform — which include the 
corporate chains as a key ingredient in 
medical delivery — act much like a thin 
hospital sheet. As he pulls it up to cover his 


pa 


head, his toes stick out in the cold. g 





Robert Ubell is a scientific and medical 
publisher and editor in New York. 
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Population planning gone awry - 
The United Nations should have known better than to arrange this month’s conference on world 
population. For talking about population in isolation from development in general is a nonsense. - 


HERE is a cruel thing to say. The best hope for the World 
Conference on Population which began earlier this week in 
Mexico City is that it will merely be a waste of busy people’s time. 
The danger is that, like its predecessor in Bucharest ten years ago, 
the effects of the conference will be positively harmful. The 
United Nations, which has organized the event, should in its own 
interests and for the sake of the good causes of international amity 
and of development which it espouses, resolve never again to 
inflict such an occasion on public attention. 

The conference in Mexico City is not a scientific occasion, but 
one at which the organizers hope to translate knowledge and 
understanding into public policy, national and international. This 
recipe has worked well enough on some occasions, the Stockholm 
conference on environmental matters in 1972, for example. The 
conference on food, in Rome in 1974, was by contrast a platform 
for advertising the conflicts between developed and developing 
countries and a means of amplifying naive predictions that famine 
must lie ahead. The roots of this week’s conference on population 
are similarly contaminated by unfounded opinions about the 
threat supposedly implicit in the rapid rate of population growth 
in many developing countries. N obody can or will deny that there 
are many countries where serious social and economic problems 
arë further aggravated by apparently uncontrolled fertility. Nor 
can it be disputed that there is a great and continuing need for a 
better understanding of the determinants of fertility. The issue is 
simply whether it can make sense to consider population policy in 
isolation from other public policies. 

The difficulty is nicely illustrated by the material put out by the 
United Nations itself as background for Mexico City. The 1983 
report of the UN Fund for Population Activities, for example, 
quotes from the World Population Plan of Action (adopted at 
Bucharest in 1974) the dictum that “the principal aim of social, 
economic and cultural development, of which population goals 
and policies are integral parts, is to improve levels of living and the 
quality of life of the people’. But this will seem to most people a 
monumental tautology. How does the improvement of “levels of 
living and the quality of life of the people” differ from “social, 
economic and cultural” betterment, the presumed outcome of 
development? The implication that population “goals and 
policies’’ should be considered as integral parts of the process of 
development is nevertheless correct. The exercise at Mexico City, 
by singling out population policies for separate treatment, will do 
more harm than good. 


Folly 

The most obvious damage is that the United Nations will be 
thought to have put its weight behind the general but mistaken 
opinion that a rate of population growth that is anywhere greater 
than zero is an abomination, a proof either of fecklessness or of 
wilful irresponsibility. The truth is that the rate of population 
growth can be made an independent socio-economic variable only 
by artificial means, such as the edict of the People’s Republic of 
China that families should have only one child or (worse) 
compulsory female sterilization. Where balanced attention is 
given to the “social, economic and cultural” aspects of 
development, the rate of population growth is, like the gross 
national product, a dependent variable, the product of the 
aggregation of decisions (or the lack thereof) about conception 























































made by individual couples. The experience of recent decades 
shows that government policies can indeed influence the ways ir 
which couples behave, and that the consequences for the birth 
rate can be both rapid and beneficent. But the same experience 
also demonstrates the folly of attempting to force on reluctant 
governments, however hard-pressed, ‘‘population goals” whose 
wisdom is not self-evident. 

There is now a wealth of data to illustrate how rapidly fertility 
rates can change. In the advanced economies of the world, 
fertility rates are near the level required for stability. Some of t 
governments affected profess anxiety that the proportion of the 
working population may be too small to support those already 
pensioned off, but few are seriously considering the restimulation 
of fertility — changing retirement policy seems safer — while 
migration is increasingly a safety valve. Similarly, among the 
Chinese and related populations of South-East Asia (but notin 
China itself), fertility rates have fallen dramatically to near- 
stability in a mere three decades, as also in Kerala, the Indian state 
also distinguished by its 100 per cent literacy rate. 

Sowhat can be done by the governments whose populationsare 
growing at uncomfortable speed? The mere supply of 
contraceptives, or for facilities of abortion, will not check the. 
growth of a population whose members do not appreciate the. 
benefits that. small families may bring. Especially when infant: 
mortality is high (or has fallen only recently), it is asking too much. 
of peasant families that their fertility should promptly be reduced 
to the net reproduction rate. Moreover, there is ample evidence: 
that in the countries where population is least well controlled, in- 
most of Africa for example, the chief cause of the agonizing social 
distress which abounds is not the rate of population growth as. 
such but the indifference of governments to the importance of: 
agriculture. India, well blessed though it may be with natural 
resources, is a shining example of how rapid population growth, 
recognized to be too high, may nevertheless partly be accom-: 
modated by giving agriculture the importance it deserves, What. 
follows from all this is that population policies pursued in. 
isolation are unworkable and even dangerous. 

What can the governments of advanced societies do in such ` 
circumstances? The best course is to provide such technical and. 
financial help as less fortunate governments may require, bu 

otherwise to keep quiet. It is not nearly well enough understood 
that constant harping on the need to contain the growth of the 
world’s population is understood by those to whom the messageis | 
addressed as patronizing neocolonialism of the most offensive: 
kind. And appearance may be the reality. The projects supported: 
by the Fund for Population Activities are both imaginative and — 
weicome to the host governments, but the US Administration’s 

intention, to be declared at Mexico City, that assistance will no $ 
longer be provided by the United States for projects involving: 
abortion, might almost have been calculated to madden the: 
governments of developing countries. Why should the manner in 
which the raté of population growth is controlled outside the. 
United States be determined by the US Administration’s felt: 
need, in an election year, to follow an anti-abortion line? This 
divisive issue would not have arisen if the conference at Mexico ; 
City had never been arranged. The United Nations should learn = 
from the bruising weeks ahead that it makes no sense to provoke. 
trouble of this kind by offering anon-agenda for discussion. Ma 








Japanese whaling 





Will monitoring suffice 
when the hunting stops? 


JAPAN’s Fisheries Agency has endorsed a 

: new plan designed to keep Japan in the 

whaling business after the moratorium on 

whaling agreed by the International 
Whaling Commission (IWC) comes into 
effect at the end of 1985. 

The plan, put forward by the “Study 
Council on the Whaling Problem”, an 
advisory body to the chief of the Fisheries 
Agency, actually calls for Japan to end 
commercial whaling in accordance with the 

[WC ban. But it simultaneously calls for 
Japan to begin ‘‘investigative whaling’? — 
he hunting of whales to ‘‘check scien- 
\fically on whale resources”. And despite 
a statement from the Fisheries Agency 
chief that investigative whaling would ‘‘not 
be in search of profit but aimed at the 
assessment of resources”, any real differ- 
ence from present commercial operations 
_ has yet to be made clear. The same whaling 
_ fleet of one mother ship and four catchers 
-would be used, and whales caught for 
“survey’’ would still be processed and sold 
-for food. At the same time, Japan is to 
“press the view that whaling operations 
within its own 200-mile zone should be 
allowed on the same grounds that the 
“aboriginal subsistence whaling” of the 
Eskimos of Alaska is allowed — that they 
“are vital to the “‘social, economic and 
cultural life” of local communities. 
= Behind all this semantic juggling lies the 
great sense of anger felt by the Japanese 
over what they see as the ‘‘moral imperial- 
ism’? and “tyranny” of IWC — coupled 
_ with the knowledge that any direct defiance 
of IWC will result in the automatic 
imposition of economic sanctions against 
Japan by the United States. 
“The latest meeting of IWC, held in 
Buenos Aires in June, agreed massive cuts 
in whaling quotas for 1985, the last year 
before commercial whaling is due to be 
phased out. The quota for southern minke 
whales, which has accounted for 90 per 
cent of Japan’s catch, is to go down from 
this year’s figure of 6,655 to 4,224 — a level 
which will make it virtually impossible for 
the industry to continue operating at a 
profit next year, given that the quota must 
be shared with the Soviet Union. 
: In theory, Japan can simply lodge a for- 
mal objection to the quota and be freed 
from any obligation to observe it since 
TWC has no enforcement powers. Indeed, 
that is exactly what Japan did, along with 
he Soviet Union and Norway, when IWC 
_ first agreed the commercial ban in 1982. 
But the problem. is that the Packwood- 
“Magnuson amendinent to the US Fisheries 
Act requires that any country defying IWC 
< resolutions be penalized by cuts in their 











fishing quotas in the US 200-mile zone. 
And those fish are worth far more to Japan 
than are the whales (120,000 million yen a 
year against 8,500 million yen a year). 
Japan’s 1982 objection led to the impo- 
sition of a 10 per cent cut in the quota by the 
United States, and if Japan actually goes 
ahead and simply defies IWC then the 
fishing quota might be cut to zero by the 
United States. 

The Japanese take particular offence at 
this year’s IWC decision because they do 
not believe it was made on the basis of 
scientific evidence nor from a desire to keep 
whale stocks safe from extinction, but on 
moral grounds under pressure from con- 
servationists. They point out that some 
members of [WC (membership is open to 
any country) have never had any financial 
interest in whaling and that Japanese 
surveys show there to be more than 400,000 
minke whales in the Antarctic Ocean. 








The Japanese, with their long Buddhist 
traditions, are not strangers to moral re- 
strictions on the killing of animals. In the 
seventeenth century, one of Japan’s more 
eccentric rulers, the fifth Tokuga Shogun, 
Tsunayshi, went so far as to ban the killing 
of virtually all living things and to require 
that dogs be spoken to in a polite manner — 
“honourable canine’ being the preferred 
form of address. But having moral precepts 
forced upon them by another country is not 
something the Japanese can take easily. 
The hunting of whales has a long tradition 
behind it, and Japanese feel much the same 
way about the ban as an Englishman might 
if the supply of roast beef were to end as a 
result of economic pressure from the 
Hindu countries. 

The official IWC view, however, is that 
its resolutions express scientific caution, 
not moral viewpoints. Nobody knows for 
certain how many whales there are and 
modelling population behaviour and the 
effects of whaling is fraught with difficul- 
ties: it is better to err on the side of caution 
than to drive a species to extinction. 

What will happen next depends largely 








4, on the United States, which has already. 


indicated its willingness to hold a meeting 
of countries actually involved in whaling. 
If the United States prevails upon Japan to 
stop whaling, then it is likely that the Soviet 
Union will also obey the IWC moratorium 
for it relies upon Japan to buy virtually all 
the whale meat it takes. That will leave only 
Norway, which has a relatively small whal- 
ing operation. The Japanese are hoping 
that they can persuade the United States — 
whose fishing bans they can counter with 
bans on the import of US fish products — 
not to impose fishing sanctions and 
persuade IWC to agree to “‘investigative 
whaling” until the end of its moratorium in 
1991. By then, Japanese whalers believe 
they will have enough evidence to persuade 
IWC that commercial whaling can be 
contained without risk to whale species. 
Alun Anderson 


Whitehead Institute 


moves ın 

THE Whitehead Institute for Biomedical 
Research began to occupy its handsome 
new building at the edge of the MIT 
campus in Cambridge, Massachusetts, last 
week with all the informality of acommune 
moving house. Graduate students and 
senior faculty alike were lugging boxes of 
equipment across the street. At one stage 
Dr Robert A. Weinberg, wearing a yellow 
and blue striped rugby jersey, was to be 
seen on the tailboard of a moving van 
protecting his rubber plant, now fourteen 
years old. 

The controversies of three years ago, 
when the institute was founded with a 
bénefaction of $135 million by Mr Jack 
Whitehead, the founder of Technicon, 
sold to the Revion cosmetics corporation in 
1980, seem largely to have been stilled. 
Alarm that the Whitehead Institute might 
skew the pattern of biological research at 
MIT has been dissipated with the appoint- 
ment of the first members of the institute, 
whose interests are as catholic as most 
people would wish. The agreement with 
MIT requires that faculty appointments 
should be jointly made, following strict 
MIT procedures, with seven years of 
probation for all but established people. 

David Baltimore, the Whitehead 
director, says that he hopes to concentrate 
the institute’s work in developmental 
biology, and that the number of faculty 
members should eventually double to 16. 
(Not unnaturally, he is now on the look-out 
for a drosophilogist with more than a 
nodding acquaintance with homoeotic 
genes.) Baltimore, still a little surprised 
that doors are repainted when he asks for 
that to be done, promises that he will spend 
as little time as possible in his large front 
office. One bone of contention with the 
biology department is that the Whitehead 
Institute is superbly equipped and enviably 
staffed with administrators. a 
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Davignon quits as commissioner 


» Brussels 

ViscounT Etienne Davignon, the Belgian 
who has masterminded the European 
Community’s expanding science and 
research programme, will leave the Euro- 
pean Commission at the end of the year. A 
pragmatist at heart, Davignon has let few 
opportunities slip to forge a solid base of 
international cooperation in research. It is 
not yet known who will be the new science 
commissioner. 

The most recent example of Davignon’s 
persistent efforts to mesh Europe’s scien- 
tific talent to its industrial and economic 
needs is the £1,000 million Esprit informa- 


«, tion technology research programme. 


Davignon has been forced to leave for 
two main reasons. First, the agreement of 
the-ten member governments to support 
Mr Jacques Delors put an end to 
Davignon’s hopes of becoming the new 
president of the Commission. Second, the 
Belgian Government made clear on 1 
August that it would be putting forward 
the name of Finance Minister Willy De 
Clercq as Belgian member of the Commis- 
sion. French-speaking Walloons claim that 
all Belgium’s important foreign posts will 
be in the hands of Flemish speakers like De 
Clercq. 

For the French-speaking south of the 
country, Davignon’s portfolio, which in- 
cludes the steel industry, is of vital concern. 
When Davignon joined the Commission in 
1977, industry was his only responsibility. 
Since. then, Davignon’s workaholic drive 
gained him research and development sec- 
tors in both energy and science in the Com- 
mission of Gaston Thorn. 

As part of his research responsibilities, 
he- inherited the Commission’s own Joint 
Research Centre (JRC) with some 2,200 
personnel. Set up under the Euratom Trea- 
ty asa nuclear research centre, JRC had 
begun to diversify its activities after several 
years of crisis and indecision by the Council 
of Ministers. Crisis again struck in 1983, 
when the JRC Super-Sara project, a 
nuclear accident simulation experiment, 
was cancelled. According to Davignon, 
ministers had been shillyshallying for three 
years and were far too deeply involved in 
technical matters. The new JRC now 
boasts a board of governors and a scientific 
council to delegate decision-making. 

Davignon applied the same philosophy 
— that ministers should be involved in 
policy, not in technical details — to the 
broader canvas of the Community’s scien- 
tific research activity. His answer was the 
framework programme which sets out 
seven major goals for the Community’s 
research, such as improving industrial effi- 
ciency, encouraging the quality of scien- 
tific collaboration and improving the en- 
= vironment. Research ministers would then 
have to assess and review resources to 
decide -how programmes such as Esprit 











would fit into this overall scheme of things. 

The idea of the framework programme 
has been accepted in principle by the 
research ministers. But the necessary 
doubling of resources has fallen victim to 
the continuing squeeze on the 
Community’s finances. Key elements of 
the framework programme — such as the 
European fusion programme, environ- 
mental research and the biomolecular pro- 
gramme — are already in place. Others, 
such as BRITE, designed to encourage 





basic research ‘and applications of ne 
technologies to aid traditional industries, 
the biotechnology programme, tele- 
communications and the ‘‘stimulation”’ 
activity (aimed at raising the quality of 
multidisciplinary and multinational’ re- 
search), will follow in the coming month 

Where Davignon has made his mark- has 
been in identifying Europe’s weaknesses 
and energetically working at priorities.to 
achieve closer scientific collaboration 
the Community. If the quality of research 
is the key to industrial prosperity, the nex’ 
generation will have reason to be thankf 
for his spell as commissioner. 
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Romanian technology 


Neglected by West and East 


THE United States Administration has 
been reconsidering the proposed sale of 


satellite monitoring equipment to | 


Romania. The equipment, which would 
give the Romanians access to.data from the 
“Landsat” satellite system, would con- 
stitute some of the most. sophisticated 
equipment ever sold by the United States to 
an East European country. The sale was 
first proposed in 1977, but ran into oppo- 
sition from some members of the adminis- 
tration who felt that the equipment could 
be adapted for military purposes. 

According to US Government sources, 
the latest round of discussions has been 
little more than a routine review of the 
situation. In fact, the Romanian deal has 
taken on a new significance in view of the 
forthcoming sale of Landsat equipment to 
China. The technology package which it is 
expected the Chinese will purchase will give 
them access to data from both Landsat 
cameras, one capable of detecting objects 
some 100 m in diameter and one which will 
distinguish objects of about 30 m diameter. 
The proposed Romanian deal would 
include a ground station and computer 
bloc which would give access to the low- 
resolution camera only. There are fears 
that the Romanians might have the 
capability of converting such equipment to 
military use. 

During the past two weeks there have 
been strong rumours of a disagreement 
between the Secretary of Commerce, Mr 
Malcolm Baldrige, and the Secretary of 
Defense, Mr Caspar Weinberger, over the 
export of the technology. Baldrige was one 
of the chief exponents of relaxing export 
control guidelines to allow the export of 
‘‘dual-use technology’’ to China. 
Weinberger, however, is known to be 
uneasy and would like to have more control 
over the vetting of individual deals. 

There is no doubt that the Romanians 
could derive considerable benefit from 
access to Landsat data. Although Romania 
participates in the Comecon Interkosmos 
programme, it is a far less active partner 
than, say, Czechoslovakia or East 
Germany, and there is no doubt that the 




















































Romanians were piqued when, after bein 
given to understand that they were sixth i 
the running order, they were relegated t 
ninth place, either as a gesture. of di 
approval of President Nicolae Ceaticescu 
independent foreign policy line or else du 
to an administrative decision that, after th 
first batch of cosmonauts (Czech, Polis! 
East German), the remaining six would g 
in (Cyrillic) alphabetical order. 

Landsat data, with their applications.to: 
land-use and geological surveying, would 
be particularly useful for the Romanian 
who, during the past decade, have seen 
their oil reserves dwindle to such an extent 
that the country is now a net energy 
importer. And with a failing agriculture, 
Romania has now embarked upon a 
“scientific nutrition’ programme that will 
need every bit of technological help it can. 
get. Even if the Romanian military di 
want to try to adapt Landsat technology 
for military use, they might well run into 
considerable opposition from ‘th 
economic planners who have their. own 
plans for it. Vera Rich 


Martin Goldman 


MARTIN. Goldman, one of the physical 
science editors:of Nature in the 1970s, w 
killed in last week’s train crash in Scotland. 

Goldman joined Nature in 1975 after an 
outstanding academic career at Oxfor 
Princeton and Sussex, where he completed 
a DPhil in theoretical physics. He was 
attracted to science journalism by thi 
opportunities that it provides for getting to 
grips with research on a broad front, He 
particularly enjoyed the opportunities tha! 
arose for writing popular pieces, and this 
experience, together with his occasional 
broadcasts for the British Broadcastin; 
Corporation, led him eventually to the 
career in radio journalism on which he was 
well embarked. Based at BBC Radio 
Scotland, he had already established .a 
national reputation as a science producer. 
He was 34, and leaves a widow and two 
young children. David Davies 

















































































THE safety of cyclamates, the artificial 
eeteners, is again to be reassessed, this 
eby the US National Research Council. 
‘This turn of events has been prompted by a 
‘new study by the Cancer Assessment Com- 
«mittee of the Food and Drug Administra- 
ion (FDA) which has found ‘‘very little 
‘credible data’’ to implicate cyclamates as 
“carcinogens. The study report is also 
‘critical of the decision, in 1980, by former 
-FDA Commissioner Dr Gere Goyan refus- 
ing an application to allow cyclamates back 
on the US market. 

= Since cyclamates were banned in 1969 on 
‘the suspicion that they might cause bladder 
cancer, FDA has been asked repeatedly 
“by Abbott Laboratories Inc., the manu- 
_facturers, to lift the ban. In 1980, Goyan 
‘refused such an application on the grounds 
that studies with experimental animals had 
“shown increased numbers of lung, liver, 
ladder and lymph tumours after the ad- 
ministration of cyclamates. Goyan also 
cited six cytogenetic studies showing in- 
eased numbers of chromosome aberra- 
ions. 

FDA now questions not only the quality 
f the data cited in Goyan’s judgement but 
iso his interpretation of it. The cancer 
gsessment committee complains that 
oyan lumped together tumours at dif- 
‘erent sites so as to yield the appearance of 
tatistical significance. The report also 
describes as ‘‘extremely misleading’’ his 
argument that if statistical analysis should 
suggest that the probability of a set of data 
fepresenting the effects of an experimental 
-treatment may have arisen by chance 
should be calculated as, say, 0.2, it would 
be fair to infer an 80 per cent probability 
that treatment and effects were causally 
related. 

The committee also complains about 
Goyan’s “‘uncritical’’ use of historical con- 
trol data. FDA now says that data from dif- 
‘ferent laboratories were used to control ex- 
‘perimental data without allowing for dif- 
‘ferences between the spontaneous occur- 
rence of tumours and differences in patho- 
logical procedures at the laboratories con- 
med. One study cited in Goyan’s judge- 
ent is discounted because the results are 
“not a credible dose-response” and 
another, carried out at the Fondation Curie 
in Paris, because an on-site investigation 
found the quality control to be inadequate. 
Goyan himself is unrepentant. He 
acknowledges that his 1980 decision was 
‘onservative but says he still feels that Ab- 
bott Laboratories had not discharged their 
‘burden of proof and that, if errors are to be 
made in matters of public health, they 
should be on the side of caution. Goyan 
saysalso that he is “peeved” that FDA had 
not informed him of the questions being 
sked about his judgement. Goyan stresses 
that the mutagenicity data, which have not 





been re-examined, would themselves have 
been sufficient to prevent a relicensing of 
cyclamates. 

Goyan’s judgement is supported by Dr 
Marvin Legator, an FDA scientist during 
the Carter Administration. Legator says 
there are no new data to alter the position 
since then. He points out that new under- 
standing of tumour initiation argues for 
rather than against the combination of in- 
cidences from different sites. The argu- 
ment that studies should be discounted 
because they fail to show a credible dose- 
response curve is, he says, ‘‘bunk’’: many 
carcinogens produce plateaus or peaked 
curves in crude tests. Legator also argues 
that manufacturers have failed to provide 
basic data on metabolism of cyclamates, 
which varies markedly between individuals 
and at different times of day. It is not 
enough, he says, simply to fail to 
demonstrate unequivocally raised in- 
cidence due to cyclamate and its primary 
metabolite cyclohexylamine; the metabolic 
pathway must be understood in its entirety. 

The National Research Council launch- 
ed its arbitration between the new and the 
old FDA last week with an extraordinary 
public hearing, a cross between a scientific 
meeting, a public protest and an 
evangelical conversion drive. Most of the 
witnesses enthusiastically supported the 
new FDA review of Goyan’s decision, but 
there was also some fear that the research 
council would be manipulated if it ruled 
only on carcinogenicity and failed to ex- 
amine evidence for chromosomal damage 
and possible teratogenic effects. The chair- 
man of the special panel appointed by the 
National Research Council Dr Richard 
Havel, said that his panel possessed the ex- 
pertise to examine such data but gave no 
commitment to tackle the question explicit- 
ly. 

One of Abbott’s supporters in the drive 
to get cyclamates back on the market in the 
United States is the Calorie Control Coun- 
cil, which wants would-be dieters to have 
the choice of as many artificial sweeteners 
as possible: the argument here is that 
synergism between sweeteners means that 
by using combinations it is possible to 
reduce intakes of any single compound. 
The director of the council gave a rousing 
speech pleading for the return of this ‘‘very 
useful” compound. 

Meanwhile, many FDA scientists feel 
that cyclamates, if they are carcinogenic, 
are certainly much less so than saccharin. 
All the available epidemiological evidence 
argues against a carcinogenic effect for 
cyclamates. On the other hand, many are 
convinced that there will eventually have to 
be a ban on saccharin. The newer artificial 
sweetener, aspartame, has a clean bill of 
health so far, but cannot be used in cooking 
or food products intended to be stored for 
long periods. Tim Beardsley 








Academy backs 
synchrotron 


Washington 

WHEN presidential science adviser George 
Keyworth tried last year to secure funding 
for a National Center for Advanced 
Materials at Lawrence Berkeley 
Laboratory in California (see Nature 301, 
456 and 302, 645; 1983), he was met witha 
hail of protests from materials scientists 
and Congress for having short-circuited 
the proper channels of peer review. Partly 
in response, Keyworth’s Office of Science 
and Technology Policy commissioned the 
National Academy of Sciences to produce 
a certified, peer-reviewed list of priorities 
for major materials science facilities; that 





Priorities for new facilities 
1.6 GeVsynchrotron $160 million 
2. Steady state neutron source $260 million 
3. 1-2 GeV synchrotron $ 70 million 
4. High intensity pulsed 
neutron source $330 million 
Priorities for upgrading existing facilities 
L Modifications to existing neutron 
sources at Brookhaven and National 
Bureau of Standards to exploit 
“cold” neutrons $50-70 million 


2: Incorporation where possible of 
insertion devices in existing synchro- 
tron facilities (six facilities in all) 

$20 million 

3. Construction of an experiment hall 
and purchase of new instruments at 
the Los Alamos pulsed neutron 


source $15 million 
4, Improvements to the National 
Magnet Laboratory $5 million 
5. Development and installation of 


enriched targets for pulsed neutron 
sources, doubling the available 
neutron flux $2-5 million 





report* confirms what critics said at the 
time: there are more important things to do 
than build the synchrotron advanced light 
source that was to have been a major com- 
ponent of the Berkeley centre. 

The good news for Keyworth is that 
now, armed with the academy report, he 
should face little opposition in pressing his 
materials science initiative — that is, so 
long as he modifies it to conform with the 
report’s recommendations. 

The 20-member academy committee 
that produced the report, after a reportedly 
gruelling effort to reach a consensus, gave 
its strongest endorsement to a new 6 GeV 
synchroton radiation facility, estimated to 
cost $160 million. This new generation 
synchrotron would, according to the 
committee, open up major new research 





“Major Facilities for Materials Research and Related 
Disciplines, National Academy Press, Washington, 
DC, 1984. 












“areas by providing hard X-ray radiation at 
an intensity orders of magnitude greater 
than is now achievable, In particular, such 
asource could be used to detect elements in 
parts per million concentration and to 
identify their precise geometrical location 
ina molecule. One important application is 
in the discovery of geometric details of the 
active sites of catalysts and enzymes. 

The 6 GeV synchrotron would be 
designed to take maximum advantage of 
the new ‘‘insertion devices’’ that can 
greatly boost the intensity of synchrotron 
radiation. Existing machines were designed 
and largely completed before the value of 
insertion devices was fully appreciated. 

The committee’s second-priority 
recommendation was for the construction 
of an advanced, steady-state neutron 


& source that would provide perhaps ten 


times the intensity of present machines, 
Neutrons provide a unique probe of 
condensed matter by interacting weakly 
with atomic nuclei; neutron scattering has 
been used: for example to determine the 
structure of magnetic superconductors 
and the spatial organization of macro- 
molecules. US facilities are in the ‘‘dark 
ages’’ according to one committee 
member; by the mid-1990s, the earliest date 





at which a new facility could be on-line, 
existing facilities in the United States will 
be nearly 30 years old. 

The third-ranked priority is a synchro- 
tron along the lines of the proposed 
advanced light source. This 1-2 GeV 
machine would be optimal for producing 
vacuum ultraviolet and soft X-ray radi- 
ation, of particular value in chemical 
physics and electron spectroscopy. Tech- 
nological factors allow for radiation from 
such a machine to have a high coherence as 
well, favouring imaging applications such 
as microscopy and holography. (Although 
the administration has secured funding for 
the Berkeley centre — now known as the 
Center for Advanced Materials, without 
the prefix ‘‘National’’ — a decision on con- 
struction of the advanced light source was 
deferred.) 

The committee also. made a strong 
recommendations for upgrading existing 
facilities and for more money for small 
materials research programmes. 

At least some of the committee’s recom- 
mendations are expected to be incor- 
porated into the fiscal year 1986 budget 
request now being formulated. It will be 
released by the President in January. 

Stephen Budiansky 





US manpower 


Shortages of specialists foreseen 


Washington 

A. SHORTAGE of aeronautical engineers and 
computer specialists in the United States 
by the year 1987 but large surpluses of life 
Scientists.are predicted in a report publish- 
ed this week by the National Science Foun- 
dation (NSF). 

NSF is a respected name in the difficult 
field of manpower planning and its figures 
are likely to.be seized upon by a variety of 
special interest groups during financial 
planning exercises this fall. The study ex- 
plicitly addresses the manpower shortages 
likely to follow from the current planned 
increase in defence expenditure of 45 per 
cent in real terms over the period 1982- 
1987, 

The period covered is from 1982 to 1987, 
and a variety of assumptions about 
economic growth and military spending are 
considered. The main results are little af- 
fected by the assumptions, however, and 
show clearly that a serious shortage of 
specialized engineers — thought by many 
to have been overcome in the past year or so 
— is still in prospect. The new analysis sug- 
gests that it will be possible to fill vacancies 
by retraining engineers and scientists from 
other disciplines, but that this will require 
serious additional expense and impede pro- 
gress through productivity and quality 
losses. NSF expresses particular concern 
that.a large switch in supply could lead to 

students. forgoing advanced degrees to 
capitalize on job opportunities, with conse- 
quent difficulties for university recruit- 
< ment? 











While growth of jobs in engineering is 
expected to continue apace, led by elec- 
trical and electronic engineering, growth of 
employment opportunities in science is ex- 
pected to slow down markedly from the 8.7 
per cent annual average between 1977 and 
1982 to only 3 to 4 per cent per year. 
Growth will be most rapid for computer 
systems analysts and social scientists, in- 
cluding psychologists. Agricultural and 
biological sciences show the smallest pro- 
jected growths, with agriculture barely 
keeping pace with the growth of overall 
employment. On a simple supply/demand 
analysis the number of biologists by 1987 
will exceed requirements by over 60 per 
cent, but the surplus is dramatically reduc- 
ed when inter-professional mobility is 
taken into account. Mathematicians, in 
contrast, are likely to be much in demand, 
especially if defence expenditure increases 
as quickly as is planned. Technicians will 
also not have to look too hard for jobs, as 
their job opportunities follow closely those 
for engineers and computer systems 
analysts, where the defence built-up again 
will increase demand. 

NSF declines to comment on policy op- 
tions for containing the projected shortfall 
of electronics and aeronautical engineers. 
It prefers to remain a source of factual in- 
formation and leave it to others to argue 
about action. 

Tim Beardsley 


*Projected response of the science, engineering and 
technical labor market to defense and nondefense 
needs: 1982-87, National Science Foundation. 














Computers 


IBM in Europe 
Brussels au 
Two giant US companies, IBM and ITT, 
are to participate in the European Com 
munity’s Esprit programme. The avowe 
aim of this strategic programme in info! 
mation technology research is to hel 
European companies to catch up with th 
US and Japanese penetration of the Euro 
pean home market and the world at large 
The announcement comes in the sam 
week as the results of an investigation b 
the Commission of an alleged abuse 
IBM of its dominant position in the Euro 
pean computer market. 
An EEC spokesman was quick to dis 
any idea of a trade-off between the tw: 
events. In the Esprit programme, IBM ani 
ITT will participate through their Eur 
pean branches and will share witha num 
of other companies the results obtained 
More than 440 companies and unive 
sities will be collaborating in the first par 
of the main Esprit programme; an averagi 
of four companies (but sometimes asm 
as ten) will join in each project. About 2 
million ECU (European Currency Un 
or about £120 million has been put aside fo 
the projects agreed to this year. 
In the long-running IBM anti-cart 
case, the Commission has reached ano 
winners compromise with IBM. The Com 
munity wanted IBM to announce th 
technical details of new products as soona 
they were advertised, to enable: smalle 
companies to make compatible equipment 
IBM has now agreed that such technical ii 
formation will be released within fou 
months of a new product being announced 








Bombs and rockets . 


THE offices of the European Space Agenc 


(ESA) in Paris were open again on Monda 
after a bomb explosion at the weeken 
destroyed its public relations departmen 
which was empty at the time. Actio 
Directe, a French terrorist organization, 
claimed responsibility. 

Some speculate that the fact th 
Telecom-1, one of two satellites launche 
by the rocket Ariane-3 from Kouro 
French Guiana, on Saturday, would carry 
French military communications systems, 
had raised terrorist ire. : 

However, the launch of Telecom-1 and 
the European Communications Satellite, 
ECS-2, into geostationary transfer orbit 
went perfectly. On Monday morning, 
ECS-2’s apogee motor was fired, injecting. 
it into true geostationary orbit. The 
satellites appear to be functioning 
perfectly, but nobody at ESA was making. 
firm predictions until the last. circuit was 
switched on — just in case Action Directe 
had perfected a high-technology sting. 

Robert, Walgate: 



















THE current Soviet drive against 
nefficiency and corruption is throwing a 
isturbing light on the country’s applied 
esearch structure. Since the early 1970s, 
party directives have urged close ties 
between research and production, and the 
stablishment of ‘‘scientific-production 
nions” to serve the needs of the ‘‘scien- 
tific-technological revolution’’: it now 
‘appears that, far from speeding up the 
mplementation of research in production, 
uch ‘‘unions’’ can themselves be a cloak 
or slackness and corruption. Last month, 
ravda drew attention to a particularly 
flagrant case — that of the “All-Union 
Scientific Research Institute for Potato- 


"| blame the tools 






































_based Food Products’? — but in terms 
which made it clear that this exposé was 
meant as a warning to others to mend their 
ways. 

For many years, the usual explanation 
vhen production fails to match target has 
een that the scientists have done their part 
but there have been bureaucratic delays in 
implementing their recommendations. 

< it was precisely to obviate these bottle- 
ecks that the scientific-production unions 
ére conceived. Yet the institute in 
uestion belongs to the union: indeed, its 
irector, a certain A. Mazur, is also head of 
he scientific-production union. Neverthe- 
ess, and even though the institute is 
situated in Byelorussia, a renowned 
‘potato-growing region, the institute’s 
ecord is appalling. In fifty years of exis- 
ence, says Pravda, the institute has not 
yublished asingle monograph, textbook or 
anual. The research projects supposedly 
aking place are overstaffed in comparison 
ith similar projects abroad, where the 
results are ten times better. 

On the other hand, the institute is said to 
‘be expert in paper shuffling and falsifying 
‘eturns. After anumber of commissions of 
Inquiry had failed to penetrate further than 
‘the director’s office, an authoritative 
investigation was initiated by the central 
committee of the Communist Party of 
Byelorussia. 

It was found that most of the claimed 
innovations” had never been carried 
through, and that the few which were 
implemented had an ‘‘economic effect’’ of 














More institutional inefficiency 


only a fraction of that claimed, Between 
them, over the past six years, the institute 
and the scientific-production union lost 1.1 
million rubles by failing to install mechan- 
ized flow lines. Over the past two years, 1.6 
million rubles were lost on projects which 
came to a halt at the ‘‘working out”’ stage. 
Conversely, one new installation was based 
on obsolete technology and was scrapped 
without ever going into operation. 

At the same time, funds have been 
diverted and improperly disbursed, and the 
accounts falsified by as much as 667,000 


Japanese cities 


Neoaquapolis 


Tokyo 

Not to be outdone by ministries that see 
the future Japan populated by ‘‘tele- 
topians’’ and ‘‘technopolitans’’ (see 
Nature 5 July, p.5), the Agency of Natural 
Resources and Energy has come up with a 
proposal for a ‘‘neoaquapolis”’ project in 
its annual ‘‘vison’’. Although it is not clear 
what is to be “neo” about the aquapolis, 
the project is based on more than the 
Japanese love of making up new words 
from foreign tongues (this one a mix of 
Latin and Greek). The proposal is that a 
marine city should be built on a man-made 
offshore island to help promote Japan’s 
ocean development. 

Marine development received tremen- 
dous impetus in Japan when the 1982 Law 
of the Sea Conference gave recognition to 
the establishment of 200-mile economic 
zones. With island territories scattered ina 
2,800 km arc practically from Siberia to 
Taiwan — and the occasional convenient 
emergence of new islands as a result of 
undersea volcanic activity —- Japan was 
found to rank second only to New Zealand 
in the increase in economic area this 
decision brought about. Japan’s 
“economic”? sea area is, at 4.5 million 
square kilometres, twelve times its land 
area and the sixth largest in the world. 

Research has been accelerated on a 
whole range of ocean resources — 
fisheries, including artificial fish pastures 
and the piping of light to the sea bottom to 
increase algal growth; seabed oil and 
minerals; wave power; deep-sea ocean 
thermal heat; the extraction of uranium 
from sea water; and survey and sensing 
equipment, including both satellite and 
buoy systems. National projects are also 
under way to develop manganese nodule 
mining techniques and sub-sea oil pro- 
duction systems which will sit on the ocean 
floor in deep waters. With government ex- 
penditure at around 60,000 million yen 
(£183 million) a year and large-scale invest- 
ment by private industry, only the United 
States is putting more money into the 
oceans than Japan. 








This aaa institute has a ‘key role in 
the much publicized ‘‘Food Programme” 

launched two. years ago to bring Soviet 
nutrition up to Western standards by the 
end of the century. Swift action might 
therefore be expected to rectify such a 
deplorable situation. But, as Pravda points 
out, although six months have passed since 
the facts came to light, and although some 
of his subordinates have been demoted, 
Mazur is still in charge of both institute and 
scientific-production union. And, says 
Pravda, the scientific staff of the institute 
still have ‘‘no fresh thoughts nor original 
technical ideas’’ in their ‘‘scientific 
baggage”. Vera Rich 








The sea is also being thought of as a place 
to store things. A project is under way to 
build huge synthetic skinned ‘‘sausages”’ 
which will float in the oceans full of oil. 
What more natural than to put some of the 
population in the sea too? Even building 
artificial islands turns out not to be a new 
idea — eleven have already been built and 
another five are on the way. The most 
spectacular, Port Island, off Kobe, has 
20,000 inhabitants and is the world’s 
largest container port. Costs have proved 
very high — around Y400 million an acre 
— and construction has only proved 
justifiable in areas that extend already very 
densely populated regions. 

What the new report calls for is the 
vigorous promotion of industry-govern- 
ment cooperation to develop the advanced 
technologies necessary for a marine city 
to be built on an articial offshore island. 
Exactly when the project might be feasible 
is not made clear. But in the meantime, the 
vision recommends that Japan team up 
with other countries to develop and build 
undersea robots. Alun Anderson 


Follow the action 
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New Enghind 


INVESTMENT of venture capital in high- 
technology companies in 1982 in the 
various regions of the United States. Total 
investment increased from $1,025 million 
in 1980 to $1,822 million in 1982. Figures 
from Technology, Innovation and 
Regional Development published by Office 
of Technology Assessment, Washington, 
DC, July 1984. » Q 












-Whale-watching 





~ Conservation goes commercial 


Provincetown, Massachusetts 

THE commercial exploitation of whales is 
once again a modest success in this small 
town, until a century or so ago one of the 
score of New England ports with a fleet of 
whalers on its books. But now the objective 
is not killing whales but watching them. At 
least four small enterprises operate diesel 
launches that offer visitors a chance to see a 
whale for between $10 and $13 a head. 
Business thrives, at least on clear days. The 
whales are not physically harmed, but what 
they think of the small flotilla scouring the 
nearby banks for a sight of them is not 
recorded. 

The growth of this modest industry in 
the past eight years is not just a proof that 
conservation policy need not be an un- 
mitigated drain on the public purse but also 
a neat demonstration of a symbiotic 
relationship between a commercial enter- 
prise and an informal research enterprise 
=~ the Cetacean Research Program, based 
at Provincetown. The boat-owners give the 
whale-watchers access to their animals, not 
only off Cape Cod but, out of season, in 
the Caribbean. The conservationists repay 
this kindness by providing an intelligent 
running commentary on the proceedings. 

Charles Mayo, the guide on one.of the 
Dolphin Company’s boats last week, and 
& one of the founders of the Cetacean Re- 
‘search Program, has obviously learned in 
seven seasons to forestall the frustration of 
a hundred or so people who see nothing 
after four hours at sea. He emphasized 
from the start thaton such a hazy morning, 
the chances of seeing a whale were bound to 
be small, especially because the upwelling 
of cold water off the submarine glacial 
morains where the whales feed might turn 
the haze into fog. Obligingly for the peace 
of mind of a hundred or so passengers, a 
fin-whale appeared right on cue, displaying 
its dorsal fin as if it were an oversized 
dolphin gambolling half a dozen times be- 
tween five-minute dives. 

Humpback whales (Megaptera novae- 
angliae), although on the average only 40 
feet in these parts, are easier to see, at least 
on summer mornings, because of their 


habit of lying on the surface. They are also 


identifiable (to an enthusiast with a long 
telephoto lens on his camera) by the shapes 
of the white patches on their bellies and the 
flecks of white on their dorsal fins and tails. 
The Cetaceans have given them names — 
one of three lying half asleep on the surface 
was excitedly recognized as ‘‘Little Spot”, 
a calf known to have been born early in 
1979 in the waters around the Antilles. The 
other two, a mature female and a first 
season calf, declined to display enough of 
“their tails for instant identification. 
The Cetacean Research Program now 
“yeckons-to have distinguished 230 hump- 
“back whales in. the waters off the western 
‘edge’ of the Stellwagen Bank, many of 















which have been also recognized at the 
southern extreme of their migration to the 
Caribbean (where they mate). Mayo is 
working on a detailed account of 213 of 
them for publication and says that the data 
he and his associates have gathered are the 
“best database on humpbacks in the 
world’’. 

So are they still in danger of extinction? 
Mayo cannot be sure, but thinks the scanty 


evidence may be encouraging. The number | 


of first-season calves recognized in the 
water increased from 4 in 1979 to 12.in 
1983, while this year they have found a fur- 
ther 12 with three months yet to go before 
the annual migration south. Surprisingly, 
while calves return with their mothers in the 
second season, at.two-plus (when suckling 
is over) two thirds have transferred 
allegiance to another female. As yet, there 
is nothing like a comprehensive survey of 
the humpback population off this north- 
east coast, while both fin and humpback 
whales from the Greenland populations 
may still be hunted legally. 

The Cetacean Research Program is run 
on a shoestring, raising $160,000 last year 
from the US branch of the World Wildlife 
Fund, a number of small foundations and 
by the sale of buttons on the boats fora tax- 
deductible $2. Most of the money goes on 
film and equipment, with a tiny subsistence 
for those working far from home. The pro- 
ject would prefer not to have to ask the 
Dolphin Company for a commission for 
fear of compromising its independence. 

There is also a petition to sign asking for 
a total ban on hunting and for the 
protection of critical whale habitats; 















































signatories line up in ‘the inner cabin with 
studied nonchalance as if they were coming 
forward at a Billy Graham meeting. The 
hope is to better last year’s roster of 45,000 
signatures, which were ‘‘sent straight off to 
the [international] whaling commission’’. 
This is the only hard-sell on behalf.of 
conservation on the voyage, although it is 
occasionally let slip that this or that anim: 
may have been killed before being able 
return next year. i 
Much will no doubt depend on whether 
the whales regularly perform as well as they 
did last week. One fin whale first sighted 
straight ahead rushed by the Dolphin vess 
at a distance of about 5 metres in 
imitation of an animated nucle 
submarine. Three minke whale 
(Balaenoptera acutorostrata) mov 
rapidly through the fog and long be 
half a dozen fin whales had been seen c 
to, some whale-watchers were harden 
enough to keep their noses firmly in t 
books. Little Spot and her two companions 
were found on the return journey inalmo 
exactly the same place, still half-asl 
One other humpback female some’ mil 
away, at first thought to have been Litt 
Spot’s mother (called Columbia), after 
imitating a 50-foot crocodile and a leaping 
dolphin, spread her tail above the water f 
long enough to have Mayo rushing about 
shouting “That’s Ivory!” just as a-man 
might recognize an old flame in the middle 
of nowhere. Ivory, he says, has been back 
with four calves since 1977, and now they 
hope she is pregnant again. If it goes on like 
this, the whales will be bumping into each 
other. Two of the Dolphin company’s 
boats plying staggered shifts seemed to 
have some difficulty in avoiding a collision 
last week. 








Nature index of biotechnology stocks 





12-Month 12-Month Company Close Close Change 
high low previous 27 July 
month 

14 6 Biogen (Switzerland) BY 6% -1% 

2 1 Bio-Logicals (Canada) VA 1'% “Vy 
14% Th Bio-Response (USA) Bu 8 'h ~ “fà 
14 9% Cetus (USA) 1% 9% -2 
10% 44 Collaborative Research (USA) 5% 54 - h 
19°% WA Damon (USA) 14% 13 -13⁄4 
2634 11% Enzo-Biochem (USA) 15 12% -212 
10% 4% Flow General (USA) 6% 43⁄4 -134 
42 28% Genentech (USA) 34% 33 “1A 
10% 4r Genetic Systems (USA) 5% 5 -Y4 
17% 84 Genex (USA) 9 1% +2% 
23 11 Hybritech (USA) 14 Wh 3% 
16% 77 Molecular Genetics (USA) 10% 8% -11⁄2 
15 81 Monoclonal Antibodies (USA) 12 8% -334 
607% 39 Novo Industri A/S (Denmark) 4434 40 `% ~A fa 
2234 14⁄2 Pharmacia (Sweden) 15% 17 ‘4 +1% 








Closing prices are for the last Friday of the month. For over-the-counter stocks, bid price.is 
quoted; for stocks on the American and New York exchanges, the transaction price. Nature’s 
weighted index of biotechnology stocks stood at 138 on 27 July, compared with 145 a month 


earlier. Data from E.F. Hutton, Inc. 
















East-West relations 


IR — Your editorial “How to order an 
East-West thaw’’ (28 June, p.735) shoots 
at the wrong targets. Its ‘‘sorry tale” of 
how East-West relations came to deter- 
jorate to their present state is ‘‘familiar and 
depressing”’ only in its servile acceptance of 
every nuance of the official Reaganite 
version of events. 

Having swallowed these myths it is 
perhaps not surprising that you are able to 
‘say that Washington is ‘‘about to try again 
for better scientific relations with the 
Soviet Union’’, as if throughout this 
administration nothing had been closer to 

resident Reagan’s heart (other than the 
odd anti-communist crusade). than better 
scientific relations. As the scientific 
community must be aware, nothing can be 
further from the truth. 

It is the United States that has impeded 
Scientific contact with the Soviet Union. It 
is. the United States that has brought back 
cold war ploys to cut down the exchange of 
scientific information and created an 
atmosphere in which Soviet academics 
have been represented as red spies and 
some scientists have actually been mis- 
treated by the US authorities. 

The Soviet Union has always been 
against discrimination in the field of 
science and technology, and has more than 
60 inter-governmental agreements with 
‘Western countries, covering the main areas 
and forms of cooperation in science and 
technology. As a result of these agree- 
ments, the countries concerned have 22 
long-term programmes, some of them 
scheduled to last for decades. 

The USSR Academy of Sciences has 
agreements on cooperation with scientific 
establishments in more than 100 countries. 
Some 500 Soviet scientists have been 
elected to membership of more than 200 
national scientific organizations of other 
countries. Many of them are in the leader- 
ship of various international research 
centres. The USSR Academy of Sciences 
has over 80 foreign members from among 
the outstanding scientists of other 





“This year marks 25 years since the 
signing of an agreement on the exchange of 
personnel for research purposes between 
the USSR Academy of Sciences and the 
National Academy of Sciences of the 
United States. 

Despite the hindrances created by the 
last two US administrations, these contacts 
continue. Last year saw the end of a third 
Soviet~US Arctic expedition which 
collected important data on the study of 
whales and the fin-footed animals. 

-’ Encouraging results were received by the 

M.M. Shemyakin Institute of Bio-Organic 
Chemistry of the USSR Academy of 
Sciences, which cooperated with the 

Buffalo Medical Center in the United 
States, in the study of antibiotics and 
proteins effective against tumours. 














In 1983 these establishments concluded a 
further five-year agreement on coopera- 
tion. Of world-wide interest is the exchange 
of research results between the Soviet 
Union and the United States in, for 
example, the fields of cosmonautics, 
thermonuclear energy and cardiovascular 
diseases, 

Soviet science has achievements in many 
fields which it can share with other nations; 
it has more research personnel than any 
other country, about 1.5 million or 25 per 
cent of the world figure. 

The mutual advantage of contacts in 
science and technology is endorsed by 
scientists and public figures of many 
Western countries, many of whom do not 
admire the Soviet Union’s socio-political 
system, 

Their opinion coincides with the Soviet 
Union’s immutable stand on this question 
not because of political considerations, but 
because the growth of scientific and 
technological links promotes world 
progress, particularly international 
understanding and trust. 

ALEXANDER SAPSAI 

(Political Commentator) 
Novosti Press Agency, 
4 Zubovski Boulevard, 
Moscow, USSR 
@ Mr Sapsai does not comment on one of 
the principal items raised by the article to 
which he refers -—- East-West mis- 
understanding (to say the least) over the 
treatment of Andrei Sakharov in the past 
two years — Editor, Nature. 





Nuclear power 


Sır — The British nuclear power 
programme was recently discussed exten- 
sively by Sir Alan Cottrell (“No Power of 
Persuasion’’, Nature 7 June, p.545). A 
review of an exhaustive three-volume 
survey of nuclear power technology edited 
by Walter Marshall, his article accords high 
praise to a work that is ‘‘an honest tale, 
plainly told’’, free of rhetoric, advocacy, 
passion or prejudice, in contrast to the pro- 
paganda world of the ‘‘Pied Piper” anti- 
nuclear lobby. The terms ‘‘military’’ and 
“weapons” appear nowhere in the review, 
neither in the description of contents, nor 
in the reviewer’s own list of neglected 
topics. 

Yet the military connections of the pro- 
gramme are indubitable. In the United 
States, the Calder Hall reactor is com- 
monly known as a gas-cooled weapons 
reactor that made some electricity on the 
side. The continuing commitment of the 
United States to maintain its treaty rights to 
use British plutonium for nuclear weapons 
is a current issue. 

J.R. RAVETZ 
Department of Philosophy, 
University of Leeds, 
Leeds LS2 9JT, UK 














T T p ee 
AIDS priority 
Sirk — Some comments of Tim Beardsley 
(‘Dispute over AIDS [acquired immune 
deficiency syndrome] patent priority” 
Nature 19 July, p.174) may leave your 
readers with the impression that human 
T-cell leukaemia virus IH (HTLV-IHD 
reagents were supplied to our group by Dr 
R.C. Gallo in our early investigations on 
lymphadenopathy virus (LAV). On the 
contrary, we supplied Dr Gallo with LAV 
first isolate on 17 July and 23 September 
1983. According to Dr Gallo, the first 
sample failed to grow in his laboratory, but 
the second did. 

HTLV-IIl was brought to our 
laboratory by a co-worker of Dr Gallo, Dr 
Sarngadharan, on 15 May 1984 for com- 
parison with our own isolates. In our 
earlier investigations, we received from Dr 
Gallo only HTLV-I reagents, which were 
useful to show that LAV was not related to 
HTLV-I. 

Our virus was deposited at the French 
National Collection of Cultures of Micro- 
organisms on 15 July 1983. It has since been 
freely available to any qualified laboratory 
and has indeed be sent to more than a dozen 
laboratories throughout the world. 

Moreover, I disagree with the statement 
that ‘‘antibodies to core proteins are less 
well correlated with disease symptoms” 
than the p41 putative glycoprotein of 
HTLV-II 

Data published from our laboratory!? 
as well as from other laboratories? indicate 
a high degree of correlation between 
antibody against the major core proteins of 
LAV and AIDS and pre-AIDS (lympha- 
denopathy syndrome). The lack of anti- 
body to the p25 protein in the sera of some 
AIDS patients may be due to a profound 
impairment of their humoral response. 
Indeed we have observed a decrease or even 
a disappearance of antibody titre in some 
patients during evolution of the disease?*. 

This phenomenon may be of prognostic 
value. Furthermore, the presence of anti- 
bodies to any of the LAV/HTLV-III 
antigens cannot be considered per se as a 
sign of AIDS or pre-AIDS, since a number 
of healthy homosexuals or haemophiliacs, 
as well as some asymptomatic carriers, 
have such antibodies. Although the incu- 
bation period of the disease may be very 
long, it is fair to assume that as in other 
viral diseases, the AIDS agent will not 
induce in all infected individuals a severe 
pathological disorder. The significance of 
antibodies to the various antigens of LAV/ 
HTLV-II remains therefore to be deter- 
mined, and is one of the real objectives of 
current research on AIDS. 

Viral Oncology Unit, L. MONTAGNIER 
Institut Pasteur, 
Paris 75724, France 


1. Montagnier, L. eral. in Human T-cell leukemia/ Lymphoma 
viruses {eds Gallo, R.C., Essex, M.E. & Gross, L.) 
363-379 (Cold Spring Harbor Laboratory, New York, 
1984). 

2. Vilmer E. et af, Lancet i, 743-57 (1984). 

3. Kalyanaraman V.S, er al. Science 225, 321-325 (1984). 

4. Brun-Vezinet F, ef al. Lancet tl, 1253-36 (1984). 
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Where cosmic rays come from? | 


The class of X-ray stars which are also sources of gamma rays, one the object called Geminga, 
shows how much there is to do before they can be called the source of cosmic rays. 


Ir there were ever any doubt of the value in 
astronomy of ancient if crude observations 
of phenomena, it would surely be dispelled 
by the demonstration in this week’s issue 
(p. 464) of how Bignami, Caraveo and Paul 
have been able to use a Chinese record 
dating from AD 437 to narrow down the 


a choice of a model for Geminga, the y-ray 


source. On the face of things, the tale 
resembles that of the identification of the 
Crab nebula as the remnant of a supernova 
observed by the Chinese a millennium ago, 
and recorded with sufficient precision for 
the identification to be convincing. The 
difference is that the star which surprised 
Chinese observers six centuries earlier is 
nowhere near a supernova remnant com- 
parable with the Crab. That, so far as can 
be told, it lies close to the position now 
observed for Geminga proves nothing, but 
in the absence of other information and in 
the knowledge that Geminga must be an 
exceptional object, it is natural that people 
should put the two together. 

~~ Geminga itself requires more than casual 
explanation, as do the handful of other y- 
fay sources now recognized. The obvious 
difficulty is that the y-rays (whose 
spectrum extends: above 50 MeV) are far 
more energetic than can be accounted for 
by thermal processes. With the rule of 
thumb that one electron-volt is roughly the 
equivalent of 10* K, y-rays in this range 
could be generated only at temperatures of 
the order of 10? K. And the mechanism 
invoked for the generation of X-rays in 
binary systems, involving the infall of 
material, usually from a companion star, 
onto the surface of a neutron star, with or 
without the annihilation of positrons and 
electrons near the surface, is similarly 
inadequate. 

Although Geminga was recognized as a 
y-ray source a decade ago, it is only now 
that enough data have accumulated to say 
much about it. The first discoveries of y- 
rays were made from satellites (but have 
since been repeated at a higher energy by 
ground-based detectors). In the past five 
years, an object within the same half- 
degree region of the sky has been 
recognized also to be an X-ray source first 
by the Einstein satellite and, more recently, 
by Exosat. These are the data which now 
sustain the belief that Geminga is a periodic 
“source of radiation with a period of almost 


“c exactly one minute. This was the develop- 


< ment which led to the short burst of 
“speculation, last year, that Geminga might 
be such an unusual object.as to be respon- 














sible for exciting the minute-long natural 
oscillation of the Earth by means of 
gravitational radiation. 

Mistakes like that are by no means un- 
expected, given the difficulty of extracting 
data from objects such as y-ray stars. The 
problems are well illustrated by the account 
of Bignami ez al. with two associates, also 
in this issue (p. 481), of the variability with 
time of the X-ray emission from Geminga. 
Nearly ten hours of satellite observation 
appear to have sent only 700 useful X-ray 
photons through the Exosat detectors. 
Direct measurement of, say, the energy 
spectrum is only on the margin of what is 
possible. Wringing an estimate of the 
periodic fluctuation of the radiation from 
such an object is an act of faith. Yet 
Bignami ef al. derive not merely the period 
but also the rate at which it has increased. 

The extraction of a period from such 
data is necessarily a statistical exercise, and 
not a particularly objective one. What 
Bignami ef al. have done is to fit the arrival 
times of the small bunch of photons they 
have been able to extract from the 
published X-ray data to various periods in 
the neighbourhood of 59 seconds. In doing 
this, the authors have plainly been looking 
over their shoulders at the chequered 
history of the supposition that Geminga is 
indeed a periodic source of X-rays first put 
forward in 1977 but withdrawn in 1981. 
Pending the accumulation of more data, it 
is natural that Bignami etal. should take on 
trust the previous estimate of the period. 

In such circumstances, model builders 
plainly enjoy uncomfortably many degrees 
of freedom. Bignami ef al. consider but 
reject the possibility that the Geminga 
source is an isolated neutron star. Even if 
such an object were able to convert energy 
into high-energy photons efficiently, it 
would have to be implausibly close to the 
Solar System to function as observed. If, 
on the other hand, the period of 59 seconds 
is not that of the primary rotation of a 
neutron star but the precession of its axis, 
there should be a second shorter period of 
fluctuation (not found in the data) and 
“conventional” pulsar radiation should be 
much more powerful — but even now, no 
radio pulsations from Geminga have yet 
been observed. 

The authors settle instead for a model 
put forward two years ago to account for 
y-ray emission from the X-ray source 
Cygnus X-3, involving a binary system of 
which one member is a neutron star. To fit 
the optical observations, its companion in 





Geminga must be a dwarf star. Buthowc 
such a system have a period of mutuz 
rotation less than a minute long? Th 
explanation, according to Bignami et al. ; 
that the true period of orbital rotation: 
much longer, getting on for three hour 
but that the neutron star component of th 
binary is the source of a beam of high 
energy particles accelerated towards ‘th 
more massive dwarf star and the 
converted by nuclear collisions into y-ray: 
and neutral pions. The period observed wil 
thus be that corresponding to the bea 
frequency between the orbital and stella 
rotation. l 
Precisely what should be made of th 
proposal is bound at this stage to. be- 
matter of personal taste. With so few data 
the remarkable feature of the situation” 
not that so much doubt persists but tha 
anything worthwhile has been gleane 
about Geminga. Moreover, there are now 
several testable proposals, of which th 
most intriguing may be the possibility tha’ 
what seems to have been a once-and-for-a 
change in the rate of increase of- th 





observed period may coincide with ‘th 


surprising increase of the flux of cosmic y 
rays (with energies in excess of 10°? eV) 
éarly in 1980, well observed by. ground- 
based detectors. A second coincidence. 
would in the circumstances be almost: 
clinching. ; 
Of the puzzles that remain, the most 
puzzling is the origin of the object. Isolate 
neutron stars may be visualized easily 
enough as having begun their existence. 
spinning much more quickly, and to hav 
been progressively decelerated. If the 
period of fluctuation assigned to Geminga 
is indeed that corresponding to. the beat 
frequency between two other rhythm: 
motions, it is a little easier to understan 
how the system may have been creat 
comparatively recently. The possibilit 
that the binary system was created in the 
collapse of an unstable massive star which 
somehow avoided a supernova explosion is. 
attractive but, for the time being, 
untestable. 
So why not wait until there are enough 
data to satisfy all reasonable curiosity? 
Because that will take many more X-ray 
satellites, and because the issue is 
potentially too important to be left in 
limbo. For there is a possibility that these 
objects are the principal source of cosmic 
rays in the galaxy. It would. be a great 
convenience if that were the case. 
Jolin. Maddox 









Cancer 


Functions of ras oncogenes 


“from Chris Marshall 


One of the fundamental! tenets of cancer 
research is that the conversion of normal 
cells. to tumour cells is a multistage process. 
‘A possible mechanism would involve two 
or more genetic alterations, perhaps affect- 
ing different cellular functions. Studies 
with mesenchymal and epithelial cells in 
culture have provided some clues as to how 
this might work. They have identified two 
distinct differences between normal cells 
and tumour cells. The first is that tumour 
cells generally have the capacity to divide 


_ forever — they are immortalized. And se- 
_ cond, their growth is controlled abnormally. 


Thus tumour cells, unlike normal! cells, will 
often proliferate in low levels of serum 
mitogens or in the absence of anchorage. 
Frequently associated with abnormal 
growth control are changes in cell mor- 
phology. The existence of immortalized 
cell lines such as 3T3, which show normal 
growth control and are non-tumorigenic, 
and the demonstration for two tumour 
viruses, polyoma and adenovirus, that the 
functions of immortalization and abnor- 
mal growth control are genetically 
separate'?, suggest that different genes 
may be involved in conferring these two 
phenotypes on tumour cells. 

The question then is, which genes in 
tumour cells are involved in immortaliza- 
tion and which confer morphological 
transformation and abnormal growth con- 
trol? A year ago three papers published in 
Nature led to the same conclusion: ac- 
tivated ras oncogenes, detected by their 
ability to transform the established 
fibroblast cell line NIH 313, were not 
capable of immortalizing non-established 
cells but could morphologically transform 
and confer abnormal growth control on 
immortalized cells and, under certain con- 
ditions, non-immortalized cells*+*. A paper 
appearing in this issue of Nature comes toa 
different conclusion: under appropriate 
conditions, transfection with ras genes can 
lead to immortalization. These results 

early differ from those published 
previously, but they are still consistent with 

nultistage models of neoplastic transform- 
ation because to produce the tumorigenic 
phenotype, both the expression and coding 
potential of the ras gene had to be altered. 

Spandidos and Wilkie’ have transfected 
non-established strains of Chinese hamster 
and rat cells with mutant and normal ras 
genes either under the control of their own 
promoters or in plasmids that also contain 
transcriptional enhancers from simian 
virus 40 or the Moloney murine leukaemia 
virus long terminal repeat. They find that 


cells transfected with an activated c-Ha- 


ras-1 oncogene cloned from the T24 blad- 
der carcinoma cell line are immortalized 
but not morphologically transformed or 











anchorage-independent. When cells were 
transfected with the oncogene under the 
control of a transcriptional enhancer they 
were immortalized, morphologically 
transformed, anchorage-independent and 
tumorigenic. Further, while the normal 
c-Ha-ras-1 gene alone did not affect the 
cells, when coupled to a transcriptional en- 
hancer it immortalized non-tumorigenic cells. 

The reasons for the discrepancy between 
the earlier experiments and those of Span- 
didos and Wilkie are not entirely clear. Ex- 
periments using the same constructs but in 
Syrian hamster cells have not resulted in 
immortalization (R.F. Newbold, personal 
communication). The experiments of 
Spandidos and Wilkie, however, point to 
the importance of achieving the appro- 
priate degree of expression of transfecting 
genes, and this degree may be subtly dif- 
ferent in different cell types. 

Another possible explanation for the dif- 
ferent results is suggested by the observa- 
tion that cells differ in their response to ex- 
ogenously supplied transforming growth 
factors (TGFs) and that this reflects the 
ease with which they can be transformed®. 
Thus, differences in response to TGFs by 
different cell types may explain why, in 
some cases, a ras oncogene can mor- 
phologically transform non-established 
cells*5, while in Spandidos and Wilkie’s ex- 
periments the T24 oncogene on its own did 


not. Interestingly, immortalization seems | 


to be associated with an increase in sen- 
sitivity to TGFs®. Differences in respon- 
siveness to TGFs and the degree of expres- 
sion of a transfecting gene may also explain 
the intriguing observation that human 
fibroblasts are resistant to the effect of a 
transfecting ras oncogene’, Human fibro- 
blasts are also resistant to transformation by 
Kirsten murine sarcoma virus (KiMSV)'°. 
What is not clear at this stage is whether 
experiments with  ras-containing 
retroviruses really help to resolve the issue 
of whether ras immortalizes cells. 
Although innoculation of Harvey, Kirsten 
or BALB murine sarcoma viruses produces 
tumours, immortalization may not be a re- 
quirement for tumour formation by sar- 
coma virus because the virus stocks always 
contain a non-transforming helper virus, 
and a tumour can grow both by cell division 
and by recruitment from spreading viral in- 
fection. It would be of great interest to 
know whether the cells in these tumours 
have the ability to proliferate endlessly in 
culture. Infection of non-established rat 
embryo cells in culture with KiMSV only 
leads to morphological transformation at 
very low efficiency and such cells do not 
become immortalized (ref.8 and B.W. 
Ozanne, personal communication). 
Nevertheless, it looks as though ras 











genes, like the myc gene*, may function as 
immortalization genes. It is important to 
note, however, that none of the ex- 


periments reported so far has 
demonstrated that the immortalized 
phenotype of the transfected cells is direct- 
ly under the control of the transfecting 
gene. This has been done so far only in the 
case of the large T gene of polyoma virus. 
Using a temperature-sensitive mutant it has 
now been possible to show that a func- 
tional large-T protein is necessary to main- 
tain the immortalized phenotype!’. Such 
experiments are critical because of the pro- 
pensity of rodent cells to undergo spon- 
taneous neoplastic transformation. The 
rates of neoplastic transformation differ 
between species, for example, the 
frequency of establishment of cell lines 
from Chinese hamster is about 10 times 
higher than that of Syrian hamster cells!?. 

Introduction of an oncogene into cells is 
only one way to analyse transformation. 
On page 508 of this issue, another 
approach is described. Stacey and Kung 
have micro-injected into various cell types 
purified p21 ras protein from BALB 
murine sarcoma virus expressed in 
Escherichia coli. Unsurprisingly, though 
comfortingly, micro-injection into NIH. 
3T3 cells results in morphological 
transformation, No transformation occurs 
when the protein is injected into non- 
established human diploid cells, a result 
which is reminiscent of those of Sager? and 
Kopelovitch!®. Of more novelty is the find- 
ing that when non-dividing NIH 3T3 cells 
are micro-injected with BALB MSV p21], 
the cells start to synthesize DNA. Such an 
effect is independent of serum growth 
factors since when quiescent NIH 3T3 or 
NRK cells are micro-injected in serum-free 
media with p21 ras derived from the T24 
c-Ha-ras oncogenes, they undergo rapid 
proliferation (James J. Feramisco, 
personal communication). These results, 
coupled with the observations that ras 
expression varies through the cell cycle'4 
and that the p21 ras proteins interact with 
the receptor for epidermal growth factor!5, 
suggest that one function of the normal ras 
gene product may be in transducing signals 
from growth factor receptors. Mutant ras 
genes may be capable of giving the signal in 
the presence of levels of growth factors 
which are insufficient to make normal cells 
divide. Whether immortalization depends 
on such a function of the p21 ras protein 
remains to be determined. a 
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Global geospace study 


from M.J. Rycroft, A.J. Smith, D. Jones, J.R. Dudeney and S.D. Shawhan 


A MAJOR international programme to 
study ‘geospace’ is currently being planned 
by scientists in the USA, Japan and 
Europe. The term geospace was coined 
recently to describe the ensemble of 
separate regions close to the Earth and 
traditionally called the atmosphere, iono- 
sphere, magnetosphere, magnetosheath 
and solar wind. The single word em- 
phasizes that although these systems have 
until now been explored separately — for 
example, the magnetosphere in the Inter- 
national Magnetospheric Study (1976-79) 
and the stratosphere and mesosphere in the 
Middle Atmosphere Programme (1982-85) 
— they are in fact intimately coupled 
througha wide variety of mass, momentum 
and energy transfer processes and the time 
has now come to’study them as a whole. 
“The Global Geospace Study (GGS) has 
two main scientific aims: to understand 
how energy from the Sun, particularly that 
carried by the solar wind and impinging on 
geospace, is transferred into, and con- 
verted by, the geospace system until it is 
eventually dissipated as heat in the 
ionosphere and upper atmosphere; and to 
understand the origin, transport and 
energy-gaining and -loss processes of the 
plasma populations of geospace. These 
questions ate important for two basic 
reasons. First, they give insight into funda- 
mental plasma physics. Some 99 per cent of 
matter in the Universe exists as plasma. The 
behaviour of cosmic plasma is not easily 
simulated in the laboratory, however, and 
geospace contains a vast natural plasma 
readily accessible both to detailed measure- 
ments in situ and to remote-sensing studies. 
The second reason is that an improved 
understanding of the response of geospace 
to solar variation has practical applications 
in radio communications, distribution of 
electrical power, geomagnetic surveys for 
minerals and hydrocarbons (particularly at 
high latitudes), space applications 
engineering and, possibly, the weather. 

If the plans are approved, four space- 
craft will be launched in the early 1990s to 
make concerted and comprehensive 
observations of four key components of 
geospace (see the figure). The spacecraft, 
known as Wind and Polar, will focus on the 
two sources of flowing plasma, in the solar 
wind and in the ionosphere and magneto- 
sphere (particularly the polar regions), 
while the Equator and Geotail spacecraft 
will concentrate on the two principal 
energy-storage regions, the ring current 
and the geomagnetic tail. Extensive observ- 
ations made from the ground using modern 
techniques and a strong theoretical and 
- modelling effort complete the six com- 
ponents of GGS. 

-oe Alfthe spacecraft will make plasma, par- 











ticle and field measurements, though the 
exact specifications of their instruments 
(for example, energy range, sensitivity, fre- 
quency range) will be tailored to suit the 
particular region being studied. The space- 
craft Wind, orbiting on the sunward side of 
geospace, will measure temporal changes 
of plasma density and velocity, ion com- 
position, temperature and magnetic field 
strength in the solar wind input. The effects 
of these changes will then be measured on 
Geotail, Polar and Equator, and on the 
ground. For example, it is believed that a 
change in the interplanetary magnetic field 
embedded in the solar wind can trigger a 
‘substorm’ in which energy stored in the 
geomagnetic tail is suddenly released into 
the auroral zones. This process might be 
observed by Geotail as a change in 
magnetic field direction and as plasma ac- 
celeration; the relative timing of these 
events will give information about the 
physical processes involved and their rela- 
tion to one another. Increases in the 
energetic particle fluxes in the ring current 
and in plasma wave activity would be 
detected by Equator, enhanced auroral 
emissions in the polar regions by Polar, and 
ionospheric heating, electric currents, 
plasma flows and wave generation observ- 
ed from the ground at high latitudes. 
Three spacecraft (Wind, Equator and 
Polar) will be built by NASA and the 
fourth (Geotail) by the Institute of Space 





Targets for spacecraft of the International Solar Terrestrial Programme. Wind will focus on the» 
solar wind, Polar on polar regions of the ionosphere and magnetosphere, Cluster on magnetospheric : 
microphysics, Soho on the Sun, and Equator and Geotail on the two main energy-storage regions, 
the ring current and geomagnetic tail respectively. 





and Aeronautical Science, Japan: The in 
struments will be provided by US and. 
Japanese principal investigators working. 
closely with European and American co 
investigators. Four ground-based facilities 
have been proposed: the incoherent scatte 
radar at Sondrestromfjord, Greenland, & 
dual auroral radar network in the Arctic 
and a Canadian network of ground. in- 
struments for the Northern Hemisphere 
and for the Southern Hemisphere, aco 
prehensive array of experiments at and 
around the British Antarctic Survey sta 
tion, Halley (76°S, 27°W geographic). 

In planning GGS, the importance of effi 
cient and ‘rapid handling, processing and 
dissemination of the data, using the mos 
modern computer and communications 
technology available, has been recognized 
Data from the spacecraft will be processed 
at a central data-handling facility before 
being sent to investigators, probably in the 
form of optical discs. Ground data will b 
inserted into the system in a similar way. 
the Antarctic data being transmitted from 
Antarctica via a geostationary satellite in 
order to be available rapidly. : 

GGS is a component of the even wide 
International Solar Terrestrial Pro 
ramme, agreed by the space agencies:-o! 
USA, Europe and Japan. Other space m 
sions, which will concentrate on solat 
observations (Scho) and magnetospheric 
microphysics (Cluster) and will comple 
ment GGS, are currently being inves 
gated by the European Space Agency. 
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Stratigraphy 


Carbon isotope anomalies? 


from Michael A, Arthur 


‘AS stratigraphic resolution in some parts of 
“the geological record improves, and 
sampling for stable isotope studies 
: becomes ever more detailed, palaeoceano- 

graphers and geochemists are beginning to 

discover apparent evidence of major rapid 

'hanges in ocean-atmosphere chemistry. 
Many of these ‘chemical events’ are 
nferred from changes in the stable carbon 
isotopic composition of marine carbonate 

‘ocks and fossils, and the sulphur isotopic 

composition of marine evaporite sulphate 

minerals. In a stimulating paper, Magaritz 
‘èt al. have suggested the discovery of the 
largest and most rapid enrichment of C 
relative to "C (positive 6'C shift) yet 
found in Phanerozoic marine rocks’. 

“Their analyses of carbonate carbon 
isotopes were performed on samples from 

¿strata just below basal sequences through 
“two. Upper Permian evaporite deposits — 

he Castile Fm of the Delaware Basin, 

Texas and New Mexico, USA, and the 
‘Mari Slate of the Zechstein Series of north- 

-west Europe. The data from both series, 

‘which are presumed to be equivalent in age, 
“indicate the occurrence of a positive 63C 

hift of nearly 7 per mil, taking place in less 

than 4,400 yr in the case of the Delaware 

Basin deposits and 7,500 yr in the case of 
the Marl Slate. Relative timing of the rate 
_of the shift was established using presumed 
-annual varves in both finely laminated 
Sequences. The authors argue that, for a 

ariety of reasons, the 6°C shift measured 

n these deposits accurately reflects an 
event that occurred in the world’s oceans at 
that time. The implications of such an 
event for organic carbon burial rates and 
for changes in atmospheric ocean 
chemistry are staggering. 

- Shifts towards more positive (or heavier) 
6C or 634S suggest, respectively, 
increased rates of burial of organic carbon 
and reduced sulphur whereas negative 
‘shifts suggest decreased rates of burial. 
Any such changes require net transfers of 
carbon (or sulphur) between the oxidized 

ind reduced reservoirs of the element and 

ransfer of oxygen (and CO,)to or from the 

‘atmosphere. Therefore, these proxy 

records of geochemical transfers are 
important for consideration of short- and 

dong-term changes in atmospheric 
chemistry, climate and the survival of life 
on. Earth. 

“Many previous studies have focused on 
he apparent long-term stability of the 
arbon~sulphur cycles, and have proposed 

¿constancy in the mass of atmospheric 

-oxygen.on the basis of crossplots of average 

64C and 6S, period by period (30 Myr or 

more). The crossplots of long-term 

Averages of stable isotope data suggest that 

net transfers of carbon to the reduced 





reservoir (organic carbon) are 
approximately balanced by net transfers of 
sulphur from the reduced (sulphide) to the 
oxidized (sulphate) reservoir, thereby 
maintaining oxygen levels in the 
atmosphere at some steady-state value?+. 
Recently, however, higher-resolution time 
series of carbon isotope data have 
suggested that major short-term changes in 
the rate of organic carbon burial have 
taken place. For example, carbon isotope 
shifts of less than 1 per mil over a few 10? yr 
suggest increasing rates of burial of organic 
carbon of about twice the current rate 
during the glacial~Holocene transition®-© 
and major increases in organic carbon 
burial rates over periods of a few 10° yr 
have been inferred from shifts of 1 - 3 per 
mil during parts of the Cretaceous and 
Cenozoic?8, These increased burial rates 
could have moderated the effects of 
proposed increases in CO, outgassing by 
volcanic activity™%!°, An important 
negative 64°C shift of 1 - 2 per mil occurred 
over less than 10° yr at the Cretaceous- 
Tertiary boundary!!:!?, perhaps signalling 
near cessation of productivity in ocean 
surface waters. A negative 6°C of about 
0.5 per mil near the end of the Miocene!?.!4 
has also been documented in pelagic 
carbonate sequences. 

The sudden increase in rate of organic 
carbon burial implied by the carbon 
isotope shift documented by Magaritz etal. 
is, however, difficult to accept and the 
cause difficult to envision, particularly 
because it is also suggested that the isotope 
event is not a short-lived excursion, but 
represents a sudden shift to a long-term 
high rate of organic carbon burial. 
Magaritz ef al. also suggest that the lack of 
any sympathetic decrease in 6°45 values ac- 
companying the 643C shift indicates the in- 
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“dependence of the carbon and sulphur 












cycles on relatively short time scales, 

The main question, though, is not so 
much whether the well-reasoned inter- 
pretations of Magaritz ef al. are valid, but 
whether the samples they selected are ap- 
propriate for the type of analysis they wish- 
ed to make. Acritical problem in extracting 
primary geochemical signals from ancient 
sedimentary rocks is the ubiquitous spectre 
of diagenetic overprints. This problem may 
have haunted the efforts of Magaritz et al. 
to obtain high-resolution time series of 
stable carbon isotope data from varved se- 
quences, particularly those containing 
significant amounts of organic matter. In 
fact, it appears that the shape of the 63C 
shift, which was detected both in the 
laminated, relatively organic-carbon-rich 
claystones and siltstones of the Bell Can- 
yon Fm of the Delaware Basin and in the 
laminated organic-carbon-rich intervals of 
the basal limestone of the Castile Fm 
evaporites, may be an artefact of early car- 
bonate diagenesis. Organic carbon values 
are as high as 5 wt per cent in the Bell Can- 
yon Fm and as high as 9 wt per cent in the 
Castile Fm. The carbonate phase analysed 
by Magaritz et al. in these units consists 
primarily of euhedral rhombs of dolomite, 
which they state are characteristic of 
‘primary’ precipitates; however, itis equal- 
ly likely that the dolomite is.an authigenic 
precipitate. Bacterial sulphate reduction 
and methanogenesis in the pore waters of 
the relatively organic-carbon-rich 
sediments may have caused important 
changes in the 6)°C of the total dissolved 
carbon, as well as changes in alkalinity 
which led to the precipitation of authigenic 
carbonate mineral phases with unusual car- 
bon isotope values!5, 

The so-called ‘smooth transition’ from 
light 64°C (nearly -3 per mil) in the Bell 
Canyon strata to heavy values (nearly +6 
per mil) in the Castile evaporite carbonates 
may merely represent an increase in the im- 
portance of the primary evaporite car- 
bonate with relatively heavy 6'°C values 
relative to that of isotopically-light 
authigenic phases. The carbonate content 
(as CaCO,) in the Bell Canyon beds 
averages only 30 per cent, whereas that in 
the basal limestone is about 70 per cent. 
Moreover, the difference between 613C of 
organic matter and carbonate in the Bell 
Canyon Fm averages 27.4 per mil whereas 
that in the Castile is 30.5 per mil, again sug- 
gesting partial diagenetic alteration of car- 
bonate in the Bell Canyon Fm. The 
evaporite carbonates of the Castile Fm may 
reflect something near the average carbon 
isotope value of later Permian surface 
seawater, but the carbonates of the Bell 
Canyon Fm are probably mainly 
authigenic. 

Further support for this interpretation 
comes from unpublished stable isotope 
analyses of the uppermost shallow-water 
carbonates of the Permian Capitan Fm of 
the Delaware basin by R.K. Given and 
K.C. Lohmann. The uppermost bedg of the 





Capitan Fm are. -stratigraphically y 
-equivalent to the upper part of the Bell 
Canyon Fm. The 6C of the least altered 
Capitan Fm material, according to Given 
and Lohmann, is +5.2 per mil — very 
similar to the Castile Fm carbonate. 
Therefore it seems that the rapid shift in 
ëC reported by Magaritz et al. is an 
artefact of diagenesis. The increase in 63C 





‘to the relatively high Late Permian values 
must have occurred earlier in the Permian 


or even over a longer period of time; thus, 
on the basis of data presently available, 
there is no need to postulate extreme fluc- 
tuations in rates of organic carbon burial 


ERR 


over most of the Late Permian. g 


Michael A. Arthur is at the Graduate School of 
Oceanography, Rhode Island 02882. 





Gene transfection 


A step nearer gene therapy? 


from David Weatherall 


THE last few years have seen spectacular 
advances in our understanding of the 
_ molecular pathology of some human gene 
disorders. It turns out that the commonest 
and most extensively studied of these 
conditions, the thalassaemias, in which 
there is defective synthesis of the 
polypeptide chains of haemoglobin, result 
from a series of diverse structural 
mutations of the globin genes!.?. But while 
the work on the thalassaemias has told us a 
great deal about abnormal gene action and 
has led to the development of methods for 
prenatal diagnosis by direct DNA analysis, 
it has not resulted in any improvement in 
patient management. Not surprisingly 
therefore, thoughts have turned to the 
possibility of replacing the defective glo- 
« bin genes. Successful treatment of 
thalassaemias in this way represents a 
formidable task; nonetheless, a paper on 
page 476 of this issue of Nature? makes a 
step in the right direction. 

Before it will be possible to insert globin 
genes into. blood cells with any reasonable 
expectation of correcting a thalassaemia 
mutation, a number of difficulties will have 
to be overcome. The recognizable red-cell 
precursors in the bone marrow are already 
terminally differentiated, that is they are 
programmed to go through several 
divisions and then to become mature red 
Cells destined to be destroyed after about 
120 days in the circulation. Hence the 

* target for gene insertion has to be a 
haematopoietic stem cell, a self-sustaining 
population from which all the blood cells 
(including white blood cells and platelets) 
are derived. These cells constitute less than 
0.1 per cent of the marrow cells, cannot be 
isolated as a pure population and can be 
assayed only in murine systems which are 
not applicable to human experimentation. 
Furthermore, even if it were possible to 
introduce genes into a proportion of stem 
cells there is no reason why these cells 
should proliferate preferentially; the defect 
in haematopoiesis caused by defective 
globin chain production is only apparent 
when the globin genes are activated in the 
terminally. differentiated erythroid 

precursors. Moreover, there is no 
` guarantee that the inserted genes would be 

-expressed only in red cells and not in white 

“cells-or platelets. Even if they were 














expressed in the appropriate cells their 
activity might not be synchronized with 
that of genes for other globin chains. For 
example, if 8 -globin genes were inserted to 
cure B-thalassaemia, it would be of little 
value if B-chains were produced more 
rapidly than their partner @-chains; the 
conversion of f-thalassaemia to 
a-thalassaemia would hardly be a tour de 
force for gene therapy. 

Hitherto, these difficulties have been 
compounded by the fact that techniques 
for inserting foreign DNA into cells, using 
calcium microprecipitates for example, are 
extremely inefficient, achieving a 
transfection rate of approximately 1 cell in 
10°. Thus, using the most optimistic 
calculations, we might need 10° marrow 
cells — about 10-20 ml of human marrow 
— to have a chance of inserting a new gene 
into 1 stem cell. It was against this 
unpromising background that a few years 
ago an attempt was made to insert a normal 
B-globin gene into the marrow cells of a 
patient with B-thalassaemia. Given the 
difficulties involved, it is not surprising 
that this premature experiment failed, 
although at least the effect of the bad press 
that followed was to clarify the criteria that 
would have to be met in any future 
attempts of this kind’. 

The paper by Williams et al.? in this issue 
of Nature suggests that at least one of the 
major obstacles to introducing foreign 
genes into marrow cells may have been 
overcome. Their elegant experiment entails 
inserting a marker gene into murine 
haematopoietic cells using a retrovirus 
vector and then following its fate using a 
well defined assay system for stem cells®, If 
mice are irradiated at an appropriate dose 
they die of marrow aplasia. However, if 
marrow is injected after irradiation the 
animals can be rescued. The donor marrow 
populates the spleen in the form of discrete 
haematopoietic colonies which have been 
shown to be the progeny of single cells. The 
latter, which thus have the properties of 
stem cells, are called colony forming units- 
spleen (CFU-S). The Boston group 
constructed a defective retrovirus vector 
containing a neomycin resistance gene 
(NEO) from Tn5 and a mouse cDNA 
sequence encoding dihydrofolate 
reductase. They then. transfected. mouse 














marrow cells, injected them into irradiat 
mice and examined DNA prepared from 
spleen colonies by Southern blotting using 
a probe for the NEO sequence. Abou 
10-25 per cent of the haematopoietic cell 
from the regenerating spleens contained 
the NEO-hybridizing fragment, suggestin; 
that the recombinant genome had been 
transferred intact into a significan 
proportion of CFU-S. When CFU-S from 
these mice were transferred to a second 
group of irradiated mice, haematopoieti 
stem cells containing the fragmen 
appeared in the spleens of the recipients. 
indicating that the transfected CFU-S had 
the capacity for self renewal. Preliminary 
analyses suggest a single site of i integration 
per CFU-S. 
These results are extremely encouraging. 
Together with the recent work of Joyner ë 
al.’, who demonstrated the value of a 
similar but independently derived vecto 
for gene transfer into mouse: haema 
topoietic cells in vitro, they suggest thai 
defective retrovirus vectors are able to 
achieve a very efficient level of integration 
into the DNA of haematopoietic stem cells. 
and that the transfected cells retain their 
capacity. for self renewal. As the author: 
are careful to point out, many difficult 
remain before this approach can be used 
for gene therapy. For example, nothing i is 
known about the capacity for expression or 
regulation of genes inserted in this way, o 
about their structural integrity after 
multiple cell divisions. The safety and long. 
term stability of retrovirus-transformed 
cell populations will have to be explored. 
The present experiments were carried ou 
in irradiated animals; it remains to be seen | 
whether a system can be developed to 
promote preferential survival and 
proliferation of transfected stem cells-in 
intact animals. Finally, up to 15 pg o 
globin may be needed per cell to correct:a 
thalassaemia defect, so an inserted gene. 
would have to be very efficiently expressed 
Perhaps the most immediate application 0 
the new approach will be for correctin 
enzyme deficiencies, where a much lowe1 
degree of expression of an inserted gene. 
might be sufficient. : 
It is still early days, but the description of 
an efficient method for transfecting 
haematopoietic stem cells offers majo: 
encouragement. to those who believe tha 
the ultimate goal of clinical genetics is gene 
replacement therapy, rather than 
termination of pregnancy. O 
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Possible effects of unrestricted 
pesticide use on tropical birds 


from Jared M. Diamond 


AS the list of endangered species grows 
inexorably longer, announcements of yet 
another plant or animal being close to 
‘extinction have lost their shock value. It 
may still occasion surprise, however, when 
an entire fauna is found to be disappearing. 
Thus, J. Mark Jenkins’ report (The Native 
Forest Birds of Guam, Am, Ornitholo- 
‘gists’ Union, Orn. Monogr. no. 31, 
‘Washington; 1983) on the decline of all 
native forest bird species. on the island of 
Guam deserves mention — especially as it 
may portend similar catastrophes in other 
areas exposed to unrestricted use of 
insecticides. 

Guam is a humid forested tropical 
Pacific Island of 209 square mile area, 
‘belonging to the Marianas group and 
-administered as a US territory. It formerly 
harboured 13 native forest bird species, all 

üt two of them endemic at the species or 
subspecies level to Guam or to the 
arianas. Most of the species were 
common or abundant until the early 1960s. 
Their fates thereafter have been 
‘documented by roadside censuses carried 
out by government biologists, and by 
counts that Jenkins carried out in 1978 and 
1979. In the late 1960s and early 1970s all 
ative forest bird species went into decline, 
‘and four are now near extinction. The 
worst affected area is southern Guam, 
where nine species have disappeared 
completely and only one remains common. 
The surviving populations of most native 
species are now confined mainly or entirely 
to the northernmost one-tenth of the 
island, the rest of Guam having become 
virtually an ornithological desert for native 
species. 

What happened? The usual explanations 
invoked to explain island bird extinctions 
~ habitat destruction, introduced 
predators, storms and disease — do not 
work well for Guam. The island still has 
extensive areas of native forest, in which 

apanese soldiers who refused to surrender 

1945 remained hidden until the last of 
‘them was captured nearly 30 years later. 
Forests sufficiently large and productive to 
support humans could surely support fly- 
‘catchers and honey-eaters if there were no 
other problems. Furthermore, although 

abitats have been damaged by 
‘development, this has mainly affected the 
northern area where native birds are 
nevertheless doing best; with one exception 
the introduced predatory mammals, 
lizards and snakes have been present at 
least since 1890; and while Guam 
experiences periodic typhoons with 
windspeeds of up to 200 m.p.h., the native 
birds must ‘have. been exposed to such 








typhoons throughout their evolutionary 
history. Introduced diseases are always a 
possible explanation, but there is no 
specific evidence for their role on Guam. 
Several pieces of evidence implicate 
pesticides. The US military sprayed, dusted 
and fogged DDT weekly onto Guam 
(especially southern Guam) during and 
after World War II, and farmers in 
southern Guam carelessly applied large 
amounts of DDT in the 1960s. Bodies of 
the insectivorous swift Collocalia 
vanikorensis bartschi yielded DDE 
residues averaging 0.27 parts per 10° 
(p.p.m.) in 1975, while guano collected 





under’ swift nests yielded DDE residues 
increasing from 0 p.p.m. in the oldest 
layers to 0.1 p.p.m. in the most recent 
layers. Farmers, developers and the US 
military are still applying insecticides and 
herbicides today for pest and weed control. 
The insecticide hypothesis would explain 
why Guam’s insectivorous birds have 
suffered steeper population crashes and 
more severe range contractions than have 
its omnivores and frugivores. 

While many North Americans and Euro- 
peans feel that use of pesticides is subject to 
too few controls in their own countries, 
these agents are misused even more in some 
tropical countries without vocal 
environmental movements. If the insect- 
icide theory for population crashes of 
Guam birds proves substantially correct, 
the recent fate of Guam’s avifauna may 
find parallels elsewhere. im 





Jared M. Diamond is Professor of Physiology at 
the University of California School of Medicine, 
Los Angeles, California, 90024. 





Semiconductor processing technology 


New prospects offered by 
photolytic deposition 


from S.J.C. Irvine 


A Rank Prize Funds mini-symposium was 
recently held in Malvern on the topic of 
photolytic deposition*. Participants were 
brought up to date with the most recent 
advances in the use of lasers for a wide 
range of semiconductor device processing 
technologies, from laser writing of metal 
contacts less than 1 pm wide to laser- 
enhanced etching of gratings on GaAs. 

A major innovation in the field has been 
metalization of semiconductors for micro- 
electronics, such that metal films are 
accurately deposited from a volatile metal- 
organic source in a region of the substrate 
illuminated by a laser. This can be achieved 
by various mechanisms, including direct 
local heating of the semiconductor surface 
for pyrolytic decomposition of the metal- 
organic source and photolytic decompo- 
sition using UV lasers. R. M. Osgood 
(Columbia University) pointed out that 
while in photolytic processes, bond- 
breaking is more specific and sub-micro- 
metre features can be written, pyrolytic 
deposition offers greater surface sensitivity 
and higher deposition rates. D. Bauerle 
(Johannes Kepler University, Linz) uses an 
argon ion laser for writing nickel strips at 
scan rates in excess of 100 um st. High 
deposition rates allow fast scan rates and 
therefore short processing times for writing 
metalization structures. Deposition of the 
highest-resolution structures have been 
achieved, however, by photolytic 
decomposition of metal-organic adlayers. 

D.J. Ehrlich (MIT Lincoln Laboratory) 


*Photolytic deposition on metals, semiconductors and 
dielectrics’, 24-27 April, organized by K. Thbs and $. J.C. Irvine, 











described how aluminium stripes, con- 
siderably narrower than the laser spot 
width, can be deposited by exploiting 
nonlinear effects in photodeposition. 
Aluminium lines are nucleated onto quartz 
using a UV laser and subsequently 
thickened by selective heating of the 
aluminium with a CO, laser. The 
thickening process occurs by the more 
rapid pyrolytic decomposition of tri- 
isobutyl aluminium. One interesting use of 
nonlinear processes is a photodesorption 
or photoactivation for patterning of a 
surface before deposition. 

Two exciting developments reported at 
the symposium were the deposition of 
copper and platinum. Until now, it has 
been difficult to find suitable volatile pre- 
cursors for photodeposition. Copper 
deposition was reported by S. Rolt of STL 
and by F.A. Houle of IBM, using 
acetylacetonate chelate compounds and 
illuminating the substrates with UV eximer 
lasers to photodissociate these precursors. 
Platinum photodeposition can be achieved 
through KrF eximer laser excitation of 
Pt(PF;), (I. Gianinoni, Max-Planck 
Institut für Quantenoptik, Garching). 
Clearly, future developments in the range 
of metals deposited by photolytic 
excitation will strengthen the applications 
of this technology. 

Another new area of development, vital 
for the progress of photolytic processing, is 
the growth of epitaxial semiconductor 
films, where single crystal layers are photo- 
deposited onto lattice-matched substrates. 
The conditions for deposition are‘more ` 











and some surface heating is required to 
enable the surface atoms to order on the 
crystal lattice. Examples of these new 
developments are the growth of 
germanium onto sodium chloride sub- 
strates and of mercury telluride onto 
indium antimonide substrates. In a slightly 
different application of laser irradiation, 
H. Beneking (Institut fiir Hal- 
bleitertechnik, Aachen) described the 
epitaxial growth of gallium arsenide below 


450°C by metal-organic chemical vapour | 


deposition combined with laser excitation 
of the growth surface to improve surface 
kinetics at these low temperatures. 
“The non-thermodynamic conditions 
created by photodissociation of precursors 
is attractive for deposition of insulators, 
such as SiO, and A1,0O,, at high growth 
rates and at low temperatures. R. Solanki 
(Colorado State University) presented 
results on oxide growth over large areas 
showing good step coverage and low pin- 
hole density. 

The. breadth of semiconductor 
processing capability using laser photo- 
chemical techniques was an impressive 
feature of the symposium. The potential 
for maskless integrated device processing 
using a laser system is obvious, especially 
for device development or for custom 
devices. Lasers also have a place in more 
conventional processing, however; for 
example, high resolution etching of 
PMMA by photoablation using a 193 nm 
eximer laser pulse (G.M. Davis, University 
of Oxford). 

Many more fundamental studies of 
surface photochemistry have been stimu- 
lated by the range of in situ analytical 
techniques: available. R.P. Salathe 
(Generaldirektion PTT, Bern) reviewed in 
situ diagnostic techniques, such as 
electrical measurements, optical trans- 
mission and reflectivity, and luminescence 
measurements. Particular attention was 
paid to the problems encountered in 
studying films which are deposited over a 
small area (= 1 ym) and the initial stages of 
growth. Studies of the morphology of 
growth can provide a valuable insight into 
laser/solid interactions with, for example, 
electric field enhancement created by 
certain sizes of surface features. Osgood 
described how holographic grating 
formation can lead to an electric field 
enhancement, for metal deposition, in the 
illuminated regions. This depends on the 
relationship between grating spacing and the 
wavelengths of the surface plasma waves. 

Photolytic deposition of metals, semi- 
conductors and dielectrics is a new field of 
research which is rapidly gaining 
momentum. Not only will it provide a 
means for exploring fascinating physical 
effects, but it will surely be an important 
processing technology of the future. 0 





SLC. Irvine is at the Royal Signals and Radar 
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Malvern, Worcs WRI4 3PS. 
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Molecular genetics 






Ciliates come of age 


trom Joseph G. Gall 


FROM what organism was a catalytic RNA 
molecule first isolated and characterized? 
Where can one find an animal that, at one 
time in its life cycle, has giant polytene 
chromosomes like those of Drosophila but 
at another time has each gene on a separate 
small molecule? In what organism does 
amplification of the genes for ribosomal 
RNA (rDNA) occur at a defined and in- 
ducible stage of the cell cycle? And finally, 
from what organism was a chromosomal 
telomere first isolated, sequenced and 
shown. to function in a heterologous 
system? If you answered ‘a ciliated proto- 
zoan’ to each of these questions, you are 
probably one of the small band of 
biologists who already know the advan- 
tages of working with. these unicellular 
organisms, and who attended the first 
International Conference on Ciliate 
Molecular Genetics*. For the benefit of 
anyone who was not there, this is what we 
talked about. 

Nearly all aspects of ciliate research are 
dominated by the nuclear dualism of these 
protozoa — each unicellular organism con- 
tains one or a few diploid micronuclei 
(MIC) and usually one giant pseudopoly- 
ploid macronucleus (MAC). The MIC is 
largely inactive in RNA synthesis except for 
a brief period during meiosis; it divides in 
norma! mitotic fashion at each cell division 
and is responsible for transmitting the 
chromosomes in a Mendelian fashion at 
the time of sexual fusion (conjugation). 
The MAC, on the other hand, controls 
essentially all ‘vegetative’ functions of the 
cell, most notably the synthesis of RNA. 
During cell division it pinches in half with- 
out undergoing a typical mitosis, and it 
breaks down completely during conjuga- 
tion, when it is replaced by a new MAC 
derived from the zygote nucleus; thus, in 
normal conditions the MAC and MIC in 
the same cell start life with the same genetic 
constitution. For an introduction to these 
and other aspects of ciliate biology one 
should consult David Nanney’s highly 
readable book, Experimental Ciliatology 
(J. Wiley, New York; 1980). 

Beginning with the pioneering work of 
Nanney some 30 years ago, the focus of 
genetic studies in ciliates has shifted 
gradually from Paramecium to Tetrahy- 
mena. (At the Cold Spring Harbor 
meeting, Nanney, from the University of 
Illinois, discussed molecular data relevant 
to ciliate phylogeny, leaving the genetics to 
others.) It was clear from the presentations 
of Peter Bruns (Cornell University) and Ed 
Orias (University of California, Santa Bar- 
bara) that Tetrahymena is now quite 


* The first International Conference on Ciliate Molecular 
Genetics at Cold Spring Harbor Laboratory, 2-6 May, was 
organized by Martin Gordvsky and Peter Bruns. 





respectable from the standpoint of genetic 
maps, useful mutants and specially marked. 
strains. Because the genetic constitution 0! 
the MIC is not critical to the cell, Bruns is 
able to map genes rapidly to each of the fiv: 
chromosomes by putting MICs that ar 
deficient in one of their five chromosomes. 
into a cell with a complete MAC, usin 
genetic tricks of his own design. 

In contrast to the MIC, with its conve 
tional genetic constitution, the MAC co: 
tinues to bring surprises. It has been known 
for some time that the MAC of hypotrich 
(Oxytricha, Euplotes, Stylonychia) co 
tains separate gene-sized molecules, whic 
emerge from an elaborate sequence of fr 
mentations and DNA eliminations, follow 
ed by the addition of C,A,/G,T, repeats: 
the new telomeres. Much of what we kno 
about the molecular biology of this process 
we owe to the group led by David Presco 
(University of Colorado) and Presco 
summarized the current information inh 
introductory lecture. L. Klobutche 
(University of Connecticut) then reported 
that one MIC gene in Oxytricha contains 
three small inserts of 49, 49 and 32 base. 
pairs (bp) within the coding region that ar 
missing from the MAC copy and suggested 
that formation of the MAC involves. 
throwing away some sequences withi 
genes. The MAC of the holotrichs (Tetri 
hymena, Paramecium) undergoes less 
change than that of the hypotrichs, but 
studies from several laboratories, in par- 
ticular those of M-C. Yao (Washington 
University, St Louis), M. Gorovsky 
(University of Rochester) and E.H. Black- 
burn (University of California, Berkeley), 
show that MAC formation in Tetrahymena 
involves excision and ligation of sequences, 
as well as addition of telomeres with a. 
characteristic and perfect C,A,/G,T, 
repeat. Just where these repeats come from. 
is not clear. Although there are internal: 
clusters of C,A,/G,T, in the MIC 
chromosomes, they are probably not the 
source of the new ends because neither are 
they perfect repeats, nor are they adjacen 
to sequences that are destined to end up 
near to ends. So perhaps, suggested Black- 
burn, the C,A,/G,T, repeats are added se- 
quentially by a non-template mechanism. 

Ends of chromosomes, or more propert 
the ends of MAC DNA molecules, figure 
prominently in several other reports. D. 
Gottschling and T. Cech (University of 
Colorado) showed that about 100 bp (in-. 
cluding the C,A,/G,T,, repeats) at the ter- 
mini of the gene-sized molecules of Oxy- 
tricha MACs are resistant to digestion by 
micrococcal nuclease, suggesting thata: 
special DNA-protein complex, distinct. 
from nucleosomes and involving only 100 
bp, defines the functional telomere in this 












organism. J. 
and F. Caron (Centre de Génétique Molé- 
culaire, CNRS, Gif-sur-Yvette) each 
reported that a gene coding for a surface 
‘antigen in Paramecium, the A antigen of P. 
etraurelia and the G antigen of P. 
primaurelia respectively, was located near 
he end of aMAC chromosome. The situa- 
tion is remarkably reminiscent of the 
variant surface antigens of trypanosomes, 
where the expressed copy of the antigen 
gene is similarly located next to a telomere. 
In Paramecium, environmental factors 
influence which of several non-allelic sur- 
face antigen genes is expressed, but there is 
no evidence that switching from one type to 
another involves transposition of the ex- 
pressed gene copy, as it seems to in the try- 
panosomes. 

Sequence data on the Paramecium sur- 
face antigen genes from both groups sug- 
gest some unusual codon usages; in par- 
ticular, the translational stop codon TAA 
occurs in all three reading frames in 
putative exon regions. Direct sequencing of 
the mRNA by Caron confirmed the 
presence of UAA in the transcript. It has 
een known for some time that ciliate 
RNAs are not efficiently used by hetero- 
logous in vitro translation systems, and the 
unusual occurrence of UAA may provide 
the explanation. 
= Two papers dealing with protein-DNA 
interaction were particularly worth noting. 
E. Niles (SUNY, Buffalo) identified a 
region upstream from the transcription in- 
itiation site in the T. pyriformis rDNA that 
contained ten tandem copies of a 16 bp se- 
quence; the sequence is almost identical to 
the binding site for Escherichia coli cata- 
bolite activator protein (CAP) in the lac 
operon. and CAP binds to the appropriate 
restriction fragments of the rDNA in the 
presence of cyclic AMP. These observa- 
tions raise the interesting possibility that 
DNA transcription in Tetrahymena is 
regulated by a CAP-like protein. O. 
Westergaard (Aarhus University, Den- 
mark) looked for topoisomerase I activity 
in the rDNA chromatin of Z. thermophila, 
using SDS-induced cleavage of the DNA as 
the assay. He found three regions in the 
central portion of the rDNA palindrome 
that were specifically cleaved, and each of 
ese sites shared a common 16 bp se- 
quence (different from that observed by 
iles). The function of the presumed topo- 
omerase is unknown. The cleavage 
regions are upstream from the site of 
transcription initiation, but they are also 
ot far from the origin of replication. 
Tetrahymena offers unique and nearly 
untapped opportunities for studying the 
molecular. events of meiosis, since along 
with certain fungi and algae, it is one of the 
few organisms from which one can obtain 
rge amounts of precisely staged meiotic 
aterial. D. Martindale (McGill Universi- 
ty) used this feature to prepare cDNA 
clones of genes that are expressed only dur- 
ing meiosis. One of these, a non-repetitive 
gene present in both MICs and MACs, 



































































reer (Indiana University) 








Drosophila. A cross-reacting genomic 
clone from yeast hybridized to several yeast 
RNAs, one of which was strongly induced 
during sporulation. A cross-reacting 
Drosophila clone was localized to the 
region of zeste by in situ hybridization to 
salivary gland chromosomes; restriction 
enzyme mapping showed that the zeste 
gene itself is probably involved. Zeste has 
been implicated for some time in somatic 
chromosome pairing in Drosophila. These 
new results from Tetrahymena suggest that 
meiotic and mitotic pairing in widely 
diverse organisms may involve homolo- 
gous proteins. 

As in other ciliates, conjugation in the 
hypotrich Euplotes is induced when 
cultures of different mating types are mixed. 
Unlike Tetrahymena and Paramecium, 
however, Euplotes forms both homotypic 
and heterotypic pairs. P. Luporini and C. 
Miceli (University of Camerino, Italy) have 
purified heat-stable glycoproteins, called 
gamones, which induce homotypic pairing 


cross-reacts with sequences in yeast and | 








type from that used’ as s the $ source of the 
gamone. Gamones are active at concentra- 
tions in the picogramme per ml range, con- 
sistent with the needs of such free-living 
organisms in nature. Following the original 
suggestion of A. Miyake (University of 
Camerino), gamones are believed to be 
recognized by receptors on the surface of 
the organism, a primitive system for dis- 
crimination between ‘self’ and ‘non-self’. 
Many diverse topics were touched upon 
in this useful symposium. Only a few 
papers were directed primarily to ciliate 
specialists; an impressive number illumin- 
ated questions of general importance for 
eukaryotic molecular biology. The study of 
ciliates is rapidly coming of age, and we can 
expect an increasing number of workers to 
use these fascinating protozoa as exper- 
imental material in the near future. O 


Lo 
Joseph G. Gail is American Cancer Society Pro- 
fessor of Developmental Genetics at the 
Carnegie Institution, Baltimore, Maryland 
21210. 








100 years ago 


SEATS IN RAILWAY CARRIAGES 


In a recent article in Science et Nature the writer, 
after animadverting on the lateness of the day at 
which shoemakers have at length begun, though 
still very imperfectly, to take account of the 
osseous framework of the human foot, proceeds 
to investigate the relation between the structure 
of the human trunk and that of the seat, more 
particularly in railway carriages, designed for its 
accommodation, In a sitting posture the pelvis 
has for its sole function the support of the upper 
part of the body. The spinal columns, however, 
is inserted in the pelvis, not in the form of a 
straight line but of a curve (Fig. 1). This 
inflection on the part of the backbone, while 
adding to the mobility of the trunk, imposes on 
it the necessity of a continual balancing 
movement, the centre of gravity being shifted 
every time the head and thorax sway to one side 
or the other. Such balancing. movement is 
necessarily also attended by a certain 
expenditure of energy. To allow the upper part 
of the body to remain comfortably at rest there 
must be supports for the back, the shoulders, 
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and the head. So far as these are wanting, the 
body will tend of itself, unless counteracted by 
an effort of will and nervous force, to bend 
forward, till at last the forehead finds the knees 
to lean on. The position of the body in sitting is 
all the easier, and its rest all the more complete, 
the more decided is the inclination of the back of 
the seat and the more obtuse is the angle formed 
by the trunk and the thighs. Seats such as the 
dormeuses realise the most favourable 
conditions in this respect. 

Fig. 2 represents a man comfortably seated 
and propped. The back of the seat supports him 
principally under the shoulder-blades, offers the 
chest a depression to sink in, and altogether 
keeps the upper part of the body in a free and 
easy position. Fig. 3 shows the same person in a 
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similar position, but with his head resting 
behind. In both these figures the back of the seat 
is seen exactly, in profile, and to the writer of the 
article such seems the construction which is most 
convenient in railway carriages. 

Fig. 4, on the other hand, represents the 
profile of a man seated as passengers are in 
many of our actual first-class carriages. His 
position is perceived to be a forced one in 
contrast with that just noticed, and altogether 
disagreeable. 

Under the actual conditions, such as they have 
been described, what becomes of the traveller 
when sleep at length overtakes him? Little by 
little he slides down on his seat till the lower 
extremity of his shoulder blades, which has most 
need of support, finds the most sensible 
projection. Lastly, the head inclines forward or 
to the side, if it does not bury itself in the breast. 


From Nature 30, 319, 31 July 1884. . 








Nuclear war — counting the cost | 


Sik — Recent papers on the consequences 
of nuclear war’? have not attempted to 
relate their findings to historical events. 
There are at least three events that appear 
relevant. The ozone depletion from the 
1908 Tunguska meteor was found by Turco 
et.al. to be comparable with that expected 
from a 5,000~-10,000 megaton nuclear war. 
Stothers’ study* of the volcanic dust cloud 
of an536 found its optical depth to have 
been between 2.2 and 2.5 and its duration 
to have been approximately one year, com- 
parable with nuclear war models. The in- 
tense incendiary attacks on Japanese cities 
during the last months of the Second 
World War offer a test of the injection and 
retention of large quantities of urban 
smoke in the atmosphere. All three of these 
events could conceivably be used to nor- 
malize the models to actual events but the 
smoke study requires the use of recent 
meteorological and astronomical data. 

The measured area of the total destruc- 
tion by fire from the well documented 
USAAF attacks.on Japan between 9 March 
and 18 August 1945 was 178 square miles 
(464 km?) or 1.8 per cent of the burned 
area of the smallest attack (100 megaton 
cities only) necessary to produce a nuclear 
winter!, 

Eddy ef a/.° noted that 0.1 to 0.2 per cent 
changes in solar output, as measured by 
spacecraft, can be related to the fraction of 
the.solar disk covered by sunspots. By us- 
ing spectral analysis techniques ap- 
propriate to low signal to noise ratio 
signals, Currie’ discovered that between 
1870 and 1977 there existed an inland 
temperature variation of 0.18°C with a fre- 
quency matching that of the solar cycle. 
Eddy demonstrated® that such a variation 
can be driven by sunspot blockage of the 
solar disk. Since the nuclear winter implies 
a near total blockage of sunlight, the much 
smaller attacks on Japanese cities can be 
expected to produce an effect comparable 
tothe changing sunspot areas but to my 
knowledge there have been no attempts to 
investigate the historical record for such an 
effect. WILLIAM H. BOWN 
757 Rose Lane, 

Los Altos, 
California 94022, USA 
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Sır — The known behaviour of smoke in 
the aftermath of large fires raises questions 
about the climatic conclusions of Turco et 
al. and Covey et al.?. The recent work of 
thers? suggests that-a 90 per cent reduc- 

on of solar insolation (even over several 
m onths) will not cause freezing surface 

















temperatures. Even regionally persistent 
smoke (one month duration — from near- 
by forest fires) does not cause surface freez- 
ingt, contradicting the claim of Covey etal. 
that smoke clouds persisting over a region 
for a few days would do so. 

Covey et al. also note that a major uncer- 
tainty in ‘‘nuclear winter’’ is the extent of 
prompt smoke removal. This effect is 
demonstrated by the ‘black rain” follow- 
ing some firestorms during the Second 
World War>’. Large fires themselves can 
cause thunderstorms’. 

A major factor in the atmospheric 
residence time of smoke in the atmosphere 
is the altitude to which it rises. Turco ef al. 
allow for firestorm smoke to enter the 
stratosphere, but none of the Second 
World War firestorms lofted smoke to 
such heights>?, nor did much larger (ap- 
proximately 1,000 km?) natural 
firestorms!°, 

The great spread of forest fire smoke 
(several thousand km distance) discussed 
by Crutzen and Birks!! may not be typical. 
Special upper-atmospheric circulation pat- 
terns are credited with both the great 
distance covered by the 1918 Minnesota 
fire smoke pall’? -and the transoceanic 
spread of smoke from the 1950 Alberta 
fires!3-14, Smoke from nuclear fires may 
not easily spread far beyond its origins. 

Turco ef al. consider 100 million tons of 
smoke sufficient for major hemispheric- 
scale climatic perturbations. Such a total 
(or significant fraction thereof) could have 
been reached during historic fires, evident- 
ly without climatic perturbation. Areas 
of over 25,000 km? have burned 
simultaneously'5. Masses of 4.2 g cm? are 
possible for mature forests!*!’, Assuming 
3 per cent smoke emission and 2/3 fuel 
consumption (possible for high-intensity 
fires'?), more than 20 million tons of 
smoke particles can be generated in only 
one such natural fire. 

JAN PECZKIS 
Northeastern Illinois University, 
Chicago 60625, USA 
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@ These two letters are a foretaste of 
large amount of correspondence (on both 
sides) on this topic — Editor Nature. 





The origins of 
malignancy 


Sik — Asan outsider, I would like to raise 
some questions about the distinctive 
features of malignant tissue. 

One may suppose that the growth of no 
mal tissue is regulated by the inhibition of 
cell division by some material produced by. 
daughter cells. This mechanism suggests 
that cells produce substances which attach. 
to receptor sites on the membrane of the 
cells involved, inhibiting cell growth and 
division; the inhibitors appear to b 
relatively tissue specific. 

Accordingly, excessive growth in malig 
nant tissue could be caused by.a breakdow 
in this feedback mechanism. Although it 
possible that malignant cells produce insu 
ficient inhibitory substances to control 
their own growth, it seems more likely that 
the cells. continue to produce these 
substances but are relatively unresponsive 
to them. 

If the degree of specificity of the 
substances produced by malignant cells for. 
the receptors of normal cells is sufficiently 
high, then the growth and division of nor- 
mal tissue will be inhibited. As the malig- 
nant cells replicate in ever-increasing 
numbers, more and more growth inhib: 
tory substances will be produced, over- 
riding tissue specificities between different 
tissue types. 

By extending this view of malignancy to 
its effect upon normal tissue, a number. of 
clinical manifestations can be explained. 
First, benign tumours generally grow only 
by expansion and the surrounding com- 
pressed connective tissues tend to enclose 
the growth in a capsule. Malignant 
tumours, by contrast, grow also by infiltra- 
tion and invasion, If malignant cells simply 
replicate at an enhanced rate, then expan- 
sion would occur along the lines of least 
resistance and physical restrictions would 
predominate. But if malignant cells also in- 
hibit the growth and replication of the sür- 
rounding normal tissue, then invasion may 
be expected. Malignant cells would invade 
by inhibiting their competitors. 

Second, malignant tissue has poorly 
developed blood vessels and bleeding oc- 
curs easily. Again this may be explained by 
the excessive concentration of growth in- 
hibitory substances acting on normal tissue. 

Third, advanced disseminated cancer 
is often accompanied by cachexia: or 
generalized atrophy. When the malignane 
is very extensive, then wasting of all norm: 
tissues ensues. 

Some cancers are typified by an extreme- 
ly fast staraweh rate. Others which are equal- 





y damaging have a much lower growth 
ate. The extent of the damage to normal 
tissue may therefore not just be determined 
‘by the growth rate of a malignancy but also 
by the degree of general specificity of the 
ubstances produced by the tumour. 

This model therefore seems capable of 
“explaining some of the clinical manifesta- 
tions of cancer. It suggests that malignant 
“cells reduce the rate of growth and division 

of normal cells by producing substances 
which themselves play a normal part in the 
regulation of cell growth. It follows that 
removal or inhibition of these substances 
might convert a malignancy into the 
equivalent of a benign tumour, prevent the 
‘replacement of normal tissue and hence in- 
fluence the course of the disease. 
i ERIKA COWARD 
30 Langton Road, 
London NW2 6QA, UK 





Limits on the selfishness 
of DNA 


Sir — Doolittle, Kirkwood and Dempster 
recently argued (Nature 307, 501; 1984) 
“that some ‘“‘selfish DNAs (for example, 
“elements which transpose duplicatively) 
“May restrain their own reproduction within 
‘genomes to avoid driving their hosts, and 
ence themselves, into extinction. They 
suggested that such self-restraint should be 
“expected to evolve in elements that impose 
- acost on their host’s fitness which increases 
“with copy number. That is, copy number 
“should be limited so that host mortality 
“does not exceed host reproduction. This 
wiew is fatally flawed, as it ignores a funda- 
mental constraint on the evolution of 
selfish’? DNA. 
-= Doolittle etal. presented a mathematical 
“model which showed that a self-restrained 
selement would be favoured over one with 
unlimited reproduction. They apparently 
¿did not realize that a potential host lacking 
veither element would be favoured over 
hosts carrying one of the elements. An ele- 
“ment which imposes any cost may be 
reated simply as a deleterious host gene, so 
election of the host will eliminate that 
element. To persist, ‘‘selfish’? DNA which 
s. confined to one host (their model did not 
allow for transfer of the elements between 
hosts) must be beneficial to its host or be 
-continuously generated de novo at a rate as 
¿great or greater than that of its loss due to 
“selection (against its host) or vegetative 
“segregation (failure to be vertically 
transmitted). The conclusion of Doolittle 
vet al. may be reinterpreted to mean that 
“self-restrained elements will be eliminated 
“more slowly than unrestrained ones, but 
both will be eliminated. A different 
approach might show that self-restraint 
acan evolve to avoid imposing any cost on 
“the host, but modelling such a process 
might be difficult. 

It has become common for biologists to 
imagine ‘‘selfish’’ DNA as a ‘‘genomic 
parasite’, implying that it imposes a cost 
onits host, but most do not realize that true 
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for horizontal transfer. Genetic elements 
which can be transferred horizontally may 
be able to offset a cost to their hosts by 
colonizing new hosts. This would require a 
high enough transfer rate to balance their 
losses by vegetative segregation and 
selection against their hosts. Temperate 
bacteriophage, some plasmids and 
temperate-like viruses of eukaryotes may 
fall into this category, but one would have 
to know rates of transfer and intensities of 
selection to make such a claim. A general- 
ization is clear — one should expect genetic 
elements without a mode of horizontal 
transfer to be beneficial to their hosts 
and/or continuously generated de novo at 
rates sufficiently high to make up for their 
losses. RALPH V. EVANS 
Department of Zoology, 

University of Massachusetts, 

Amherst, Massachusetts 01003, USA 


Earthquake prediction 


from b-values 

Sir — In 1981 W.D. Smith! made deter- 
minations of the b-value for a series of 
“moving windows” for various areas in 
New Zealand. The ‘‘b-value’’ is the slope 
(best estimate) of the relationship between 
magnitude and frequency of earthquakes 
over a fixed interval and fixed area; a 
“moving window’’ comprises a fixed 
number of events, say from event 1 to 50, 
the window being ‘‘moved”’ by shifting 10 
events each time. Smith found that b-value 
maxima were associated with subsequent 
major earthquake events in accordance 
with a relationship he determined. 

In 1982, with a postgraduate student 
whose supervision had been entrusted to 
me, Smith’s principles were applied to 
Papua New Guinea. Excellent records of 
earthquake events are kept by the Papua 
New Guinea Geological Survey and were 
made available to us. Over a series of five 
years, it was possible to isolate the earth- 
quake events associated with certain tec- 
tonic features and for some of these, to ap- 
ply Smith’s method. We found that the 
relationship he devised was similarly close 
for Papua New Guinea earthquakes. 

This may be of interest to anyone 
wishing to study b-value maxima as earth- 
quake precursors. The work is recorded in 
a university report?. However, since the 
data covered 1,669 earthquake events, it 
was not practicable to publish it. It is not 
possible to predict earthquakes by this 
method from our work since the relation- 
ship is one between time after the b-value 
maximum and the magnitude of the subse- 
quent event — the longer the time lapse, the 
greater the earthquake which follows. Fur- 
thermore, since then, Smith has had con- 
siderable doubts about the accuracy of the 
relationship he found (W.D. Smith, per- 
sonal communication). However, it would 
be a pity if the data and findings, involving 
a considerable amount of work, should be 
unavailable to workers in the field, its only 


parasitism would require a mechanism 












record being in a form relatively obscure to 
library searchers. S. NOEL KIEK 
145 Beach Rd, 

Batehaven, 

New South Wales, Australia 2536 


1. Smith, W.D. Nature 189, 135-1359 (1981). 

2. Emande, F.T. & Kiek, S.N. Earthquake Precursors. 
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University of Technology, Lac, 1982), 





Brain, behaviour and the 
immune system 


SIR — We read with great interest the News 
and Views article on ‘‘Psychoimmunology 
before its time’’ (Nature 309, 400; 1984), 
which calls attention to the now substantial 
evidence that brain and behavioural states 
can alter aspects of immune function. 
Attention is also called to other studies 
which have found links between similar 
behavioural states and health outcome. 
There has been a tendency, as noted in the 
article, to treat these two areas of research 
as if they were one and to confuse 
biological and epidemiological findings. 
Nature’s near-scepticism concerning the 
explanatory power of the reported immune 
findings in relation to the role of stress in 
health outcome is well taken. But such an 
attitude might also be interpreted to 
suggest a sceptical approach to the 
biological findings themselves when they 
cannot adequately explain the 
epidemiological, such as with studies of 
bereavement. This type of reasoning would 
suffer from the same fault as that ascribed 
in the Nature article to the ‘‘psycho- 
immunologists’’ and further underscores 
the need to consider studies of behaviour 
and immune interactions in a biological 
context. 
Current research on the effects of brain 
and behaviour on the immune system has 
provided reproducible, statistically and 
biologically significant data. The 
expanding knowledge about lymphocyte 
function and the developing technology 
may well provide the opportunity to 
elucidate further the association between 
brain and behavioural states and 
immunity. It remains to be determined 
whether such biological processes can ` 
explain aspects of physical illness. 
STEVEN J. SCHLEIFER 
STEVEN E. KELLER 
MARVIN STEIN 

Department of Psychiatry, 

Mount Sinai Medical Center, 

New York, New York 10029, USA 





Somatic gene mutation and 
breast carcinoma (correction) 


DUE to an editorial error, the above item of 
scientific correspondence (Nature 25 July, 
310, 103-104; 1984) was incorrectly 
credited to a single author. It was in fact 
from M.A. Hulten, C.S. Rodgers and S.M. 
Hill, all at the Regional Cytogenetics 
Laboratory, East Birmingham Hospital, 
Birmingham B9 5ST, UK. g (Pee 


























Angular velocity: a new dimension in nuclei 
R. M. Diamond & F. S. Stephens 


Nuclear Science Division, Lawrence Berkeley Laboratory, University of California, Berkeley, California 94720, USA 





Nuclei can be studied from their ground states (~0 h) up to angular momenta of order 100 h, where 
they are literally pulled apart by centrifugal effects. This range of angular momenta can be viewed a 
resulting from ‘cranking’ the nucleus around a ‘rotation’ axis, where the critical variable is the crankin; 
velocity. The calculated response of nuclei to such an imposed angular velocity corresponds well wit 
recent observations, and includes a rich and varied interplay of collective and single-particle phenomena 





< FIFTY years ago, with the discovery of the neutron, nuclear 


physics was at the forefront of studies of the ultimate con- 
stituents of matter and was where two of the four known funda- 
mental interactions were first encountered. New forms of matter 
are still- being sought at extremely high nuclear temperatures 
and densities, and attempts are being made to calculate nuclear 
properties from quantum chromodynamics, although such study 
-has mainly separated off into elementary-particle physics. The 
nucleus is gradually being recognized as one of nature’s most 
interesting quantal few-body systems. It concentrates into a 
single system many types of behaviour, almost all of which are 
found individually in other systems, which interact with one 
another in nuclei. A basic quantitative description of such inter- 
related phenomena is developing. The main thrust of nuclear 
physics has thus become understanding this quantal few-body 
system and its.relationship to other such systems. 


- 1o There are many approaches to the study of nuclear physics. 


The ‘classical method of Rutherford’ is still one of the most 
important: shoot-a projectile at the nucleus and see what hap- 
pens. Rutherford analysed the probability of scattering 
naturally-oceurring a particles through various angles and 
deduced that the ‘atom’s positively charged nucleus was very 
small, 10,000 times smaller than the atom itself. Since that time 
nearly every conceivable. projectile has been used: neutrinos, 
photons, electrons, mésons, nucleons and nuclei themselves, 
ranging from mass 2 (deuterium) to 238 (uranium). Depending 
on- the projectile and bombarding energy, the result can be a 
very delicate transfer of a photon or nucleon, the complete 
fusion of target and projectile, or, at extremely high energies, 
an initial compression and heating of the target—projectile system 
followed by some kind of explosion. The analysis of ‘what 
happens’ has produced much of our knowledge of nuclear 
structure. Another approach is the study of the de-excitation of 
nuclei excited by one means or another, originally by natural 
radioactive decay, Generally, these nuclei decay from state to 
state by emitting photons until the ground state is reached— 
much like atomic de-excitation—although this depends on the 
excitation energy and, to some extent, the nucleus. The result 
of such studies is a mapping of the lowest energy levels of a 
nucleus, which is a major source of information about nuclear 
structure. Today, these methods are no longer distinct. The 
high-spin studies, for example, generally use a low-energy fusion 
reaction to bring large amounts of angular momentum into the 
fused system and then study the y-ray decay of this system, 
which is usually completed in approximately a nanosecond. 
The available information on nuclear structure is extensive 
and varied. Organizing it is inevitably somewhat subjective, but 
almost any scheme would have major divisions of ‘single-particle 


behaviour’ and ‘collective behaviour’, because the nucleus really 


a ‘few-body’ (rather than a many-body) system and behaves 
accordingly: On one hand, many nuclear properties can be 
mined largely by the motion of-a single nucleon, and a 
model works. well; the nucleons are assumed to move 


independently in their average potential, in close analogy to the: 
atomic shell model. On the other hand, the nucleons, especiall 
in heavier nuclei, often behave collectively, and there are clos 
analogies both to solid-state and to familiar macroscopic. sys 
tems. This behavioural dichotomy is the central theme: of th 
high-spin studies we are interested in. But before: describin: 
these studies, we will briefly characterize these two aspects 


` nuclear behaviour. $ 


The independent-particle description of nuclei has: a-lon 
history. The discovery of the neutron’ in 1931 imimediatel 
triggered the nuclear shell model, which had previously bee 
tried unsuccessfully with protons, electrons and a-particles.a 
constituents. It was proposed by Heisenberg’ and others: wh 
had just understood the structure of the atom, and indeed, th 
similarities of these two systems are striking. The differenc 
amounts mainly to replacing the long-range Coulomb potential 
of the atom with a short-range one more appropriate for the 
nucleus. Initially, there were serious doubts about an indepe : 
dent-particle model for nuclei, and it was some time before it. 
was fully appreciated that such a model works because the Pauli 
principle greatly restricts the possible scatterings, thereb 
increasing the mean free path. The next crucial idea. was-the 
large spin-orbit interaction (/-s) in nuclei, proposed in 1949 by 
Mayer” and by Haxel et al.°, which solved the problem that the 
early shell model had above mass 20. Because of the resulting 
large spin-orbit splitting, the highest j, orbitals drop down into 
the next lower shell and are called ‘intruders’. They have different 
parity from their lower-shell neighbours, and thus they remain. 
rather pure shell-model states and are easy to identify. These 
are the most important orbitals for building high angular 
momentum states. The (spherically symmetrical) shell model 
implies that the nuclear levels are bunched into groups constitut- 
ing the shells. A filled shell has extra stability, so that near closed 
shells nuclei tend to be spherical, or nearly so. On the other 
hand, spherical shapes are disfavoured between closed shell 
The nucleus then explores the shape degree of freedom to find 
a lower energy. Closed shells can also occur for nonspheric 
shapes with high symmetry, resulting in extra stability for such 
shapes at these particular nucleon numbers. Such seemingly 
random variations in nuclear properties (like the shape) due to 
the detailed shell structure are called shell effects. ; 

One of the earliest collective phenomena observed in nuclei 
is fission, an evolution of nuclear shapes resulting in a division. 
into two (or occasionally three) fragments. This process was 
discovered in 1939°7, with profound consequences. Not long.” 
thereafter (1947) the first of the normal vibrational modes of- 
the nucleus was discovered*—the giant dipole resonance. This 
is an oscillation of neutrons against protons (isovector), and 
only recently has it been joined by some isoscalar giant reson- 
ances—oscillations of the nuclear shape (protons and neutrons 
in phase). Yet a third collective effect, rotation, turns out to be 
most important for the present discussion. Not all nuclei can 
rotate, but somé of those that do have beautiful rotational level 





































molecules. All three of these collective effects are very well 
described by the liquid-drop model introduced by Bohr and 
Kalckar’ in 1937. This model considers the nucleus as a charged 
iquid drop, with volume, surface, Coulomb and (later) rota- 
‘ional energies. Combined with shell corrections, it gives the 
est existing estimates of the bulk nuclear properties. There is, 
jowever, at least one quantal collective effect in nuclei that is 
ot described by the liquid-drop model, the pairing correlations. 
They are quite analogous to those in a superconductor or super- 
uid, and represent a coherent scattering of nucleon pairs among 
he levels near the Fermi surface. They have a role in high-spin 
tudies; however, among the collective effects, it is rotation that 
dominates the high-spin phenomena. 














„arge angular velocities 


The amount of angular momentum that a nucleus can hold is 
‘limited. The usual limitation is concerned with fission, and it is 
easy to understand that the centrifugal force associated with 
‘rotation will tend to encourage this process. Without any barrier, 
fission is rapid-—-occurring in around 107% s. Thus to ‘exist’ (that 
is, longer than ~107%™ s) the nucleus must have a barrier against 
fission. Such barriers can be estimated using the liquid-drop 
odel'®, and the angular mometa at which they just vanish are 
hown in Fig. 1 by curve l, as a function of nuclear mass, A 
(along the valley of @ stability). The maximum is about 1004 
or A~ 130. The curve falls off sharply at higher mass because 
of the increased Coulomb repulsion due to the additional pro- 
‘ons. (Nuclei in the actinide region have measurable spon- 
taneous fission lifetimes even at a spin of zero.) It falls off at 
ower mass because the nuclear moment of inertia (proportional 
to A*’*) becomes smaller, so that for a given spin the rotational 
frequency is larger, thereby increasing the centrigugal force. If 
cold nuclei could be produced corresponding to the curve hy, 
pectroscopic studies might be possible up to this limit of angular 
momentum. But the heavy-ion fusion reactions that bring in this 
uch angular momentum to the compound nucleus also bring 
several tens of MeV of excitation energy, greatly increasing 
he fission probability. To prevent fission, another process must 
uccessfully compete to de-excite the nucleus, and at such excita- 
on energies this can only be particle evaporation. The time 
scale for this particle evaporation is 10717-107?" s, and to slow 
the fission down to such times, a fission barrier of the order of 
the neutron binding energy (~8 MeV) is required. The dashed 
ine in Fig. | corresponds to an 8-MeV fission barrier, below 
which particle evaporation should dominate. 
Figure | shows another interesting aspect. The curve h; is 
determined by two different types of nuclear shape in different 
ass regions. At the highest masses the shape where the fission 
arrier just vanishes is spheroidal, more specifically, oblate. In 
act, this is the stable shape everywhere below the curve h. In 
he region between /, and ly the equilibrium shape is ellipsoidal, 
enerally triaxial, and elongates with increasing spin. These 
hapes are well known in the general context of equilibrium 
shapes of rotating objects. If one reverses the sign of the 
oulomb energy term in the liquid-drop model, the equations 
escribe a rotating gravitational object with surface tension (a 
liquid). The limit of negligible surface tension was applied to 
calculations of the shape of astronomical bodies (the first being 
1¢ Earth) by Maclaurin’' in 1742. The spheroidal shapes below 
liin Fig. 1 bear his name, whereas the ellipsoidal ones above 
were found about 100 years later by Jacobi’. If, on the other 
hand, one increases the surface energy greatly relative to the 
ravitational energy, one describes weightless rotating droplets 
(as examined by the Apollo astronauts using blobs of water). 
One can; even. consider negative. masses (moments of inertia) 
nd describe bubbles in ordinary fluids (or in nuclei, for that 
matter). The nuclear properties depicted in Fig. | are related to 
a very widespread type of behaviour. Since the dashed line in 
Fig. | includes some area above l, there is a hope of finding 
some of these elongated shapes in nuclei at very high spins. 





tructures, similar to: (though ‘less perfect than) those of 
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Fig. 1 A plot of angular momentum in a nucleus against the 

nuclear mass number, A, The curve ly traces out the points where 

the fission barrier is zero, according to the liquid-drop model. 

Below the curve j, the equilibrium shape is an oblate spheroid 

(Maclaurin); between 4, and 4, it is an ellipsoid, generally 

triaxial (Jacobi). The dashed line indicates a fission barrier of 8 MeV 
(from ref. 10}. 


Called ‘superdeformed nuclei’, they will be energetically 
favoured by shell effects for some nuclei and disfavoured for 
others. There is great interest in identifying such shapes at high 
spins, as they would give interesting information about the 
applicability of the liquid-drop model in these rather extreme 
conditions. 

Figure 2 illustrates the decay modes for a nucleus of mass 
~160. The coordinates are nuclear excitation, E*, and spin, L 
The heavy lines divide the E*~J space into regions of different 
decay modes. The ‘yrast’ line is the locus of states of lowest 
energy for a given spin, so that no states exist in the nucleus 
below this line. A typical heavy-ion fusion reaction might lead 
to an initial excitation energy of ~65 MeV and spin distribution 
ranging from 0 to ~65 h as indicated by the light line in Fig. 2. 
As long as the nucleus has sufficient energy above the yrast line 
to emit nucleons (~10 MeV), it usually does so; y-ray emission 
is too slow to compete well with particle evaporation. But at 
excitations below the nucleon binding energy, y-ray emission 
takes over and de-excites the nucleus to its ground state. The 
angular momentum removed by the particle evaporation is small 
if neutrons or protons are involved (~1 h per particle and only 
a few particles). Figure 2 shows that the highest spins (longest 
y-ray cascades) will be associated with the fewest neutrons 
emitted. These y-ray cascades have two principal types of transi- 
tions. The ‘statistical’ transitions carry off energy but little 
angular momentum and so cool the nucleus towards the yrast 
line. The yrast-like transitions follow paths roughly parallel to 
the yrast line and remove the angular momentum of the system. 
These are often collective rotational transitions. There are many 
pathways from the beginnings of a high-spin y cascade until a 
region near the yrast line is reached, with the result that no 
single transition has enough intensity to stand up in the spectrum 
(with present techniques). This is the origin of the name ‘con- 
tinuum’ y-ray spectrum, although this is not a true continuum. 
When the nucleus has cooled sufficiently, the population con- 
denses into a few pathways and the transitions in these pathways 
stand up in the spectrum and. are resolved. This typically happens 
in the spin range 30-40 h for masses around 160, and it provides 
a logical division in high-spin studies. In the lower-spin region, 
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Fig. 2 The heavy lines constitute a phase-like diagram for the 

decay modes of a nucleus having mass number ‘about 160 as a 

- function of excitation energy and angular momentum. The lighter 

horizontal line indicates the range of angular momentum brought 

in by a-typical heavy-ion reaction, following which two of the 

= many possible decay pathways are shown (longer arrows represent 
neutron evaporations and shorter ones y-ray emissions). 


one can use all the techniques of conventional y-ray spectros- 
copy and develop detailed information on the nature of the 
transitions and states involved. At the higher spins where the 
population is spread out too much to permit the study of 
individual transitions, new techniques are providing a picture 
of the average nuclear behaviour. Intensive work is, of course, 
under. way to resolve this ‘continuum’ spectrum using new 
detector systems. 


Shape effects 
One of the most: important factors in determining the physics 
of high-spin states is illustrated by rotational behaviour of rigid 
classical objects. In Fig: 3, the moment of inertia of such an 
object (solid lines) is compared with that of a rigid sphere for 
a variety of shapes and’ rotational axes. The shape.and axis is. 
defined by y, which varies from ~120° to 60° as the object varies 
from a prolate shape rotating about its symmetry axis, through 
oblate and prolate shapes rotating about.axes perpendicular to 
the symmetry axis, to an oblate shape rotating about its symmetry 
axis. These axially symmetrical shapes are shown in Fig. 3, and 
the regions between correspond to shapes with all three axes 
different-—triaxial. The deformation is given in terms of £, which 
is to lowest order just AR/R, the difference in radii divided by 
the average radius. Values of e between 0.2 and 0.3 are typical 
for the familiar deformed rare-earth and actinide nuclei, and 
0.6. corresponds to an axis ratio of 2:1, the largest known in 
nuclei. The largest moments of inertia, and therefore the lowest 
rotational energies, occur for the range of shapes between y = 0° 
and'60°. The very largest moment of inertia for moderate defor- 
mations is for y=60°, an oblate shape rotating around its 
symmetry axis, and it is for this reason the Earth has such a 
shape. The. full Jiquid-drop model treatment of a rotating 
nucleus'° including surface and Coulomb energies in addition 
to these geometrical shape considerations is shown by the dots 
in Fig. 3. There is no: strong shape preference in these additional 
liquid-drop model terms, so that simple geometry determines 
the liquid-drop shapes.. This is. significant, as. the liquid-drop 
model is out best guide to such macroscopic nuclear properties 
and-is even the average limit to which some of the microscopic 
(individual particle) models are normalized. 

To see how important these geometrical shape effects are, one 
must choose. a mass and spin, and for A= 160 and J = 60, an 





_ energy scale is given on the right side of Fig. 3. The variation 
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Fig. 3 The ratio of the moment of inertia of a rigid ellipsoid to» 
that of a rigid sphere’as-a function.of the ellipsoidal shape para- 
meter, y. The two-curves.are for deformations (~AR/R) of 6 = 02: 
and 0.6. The parameter y defines a rotation axis, as well asa shape, | 
and the four axially-symmetrical. shapes (two prolate and two’ 
oblate) are shown by the small drawings. The scale. on the right 
converts:the moment-of-inertia ratios into energy differences fora 
mass number around.160 and aspin of 60 h, The.dots indicate th 
energy differences from the full liquid-drop model (surface and. 
Coulomb energies.in addition to the rotational energy implied by 
the moment Of inertia). ‘ 





for e = 0.3 of about 10 MeV is larger than typical shell effects 
(~3 MeV) so that for this spin the shape effects considered her 
should be dominant. However, the rotational energy varies: as 
P so that, for I= 30, the shell effects and these classical shap 
effects should be about equivalent, and below. [ ~ 20 the she 
effects will dominate. The arguments made here would seem t 
apply only for collective nuclear. rotations, and even then only 
if the nuclear moment of inertia has the rigid- body value, neither 
of which is obviously the case. In fact, it is generally believed 
that rotating nuclei at high spins will, on average, have’ the 
rigid-body moment of inertia, and this is the case for indeper 
dent particle motion in a rotating anisotropic harmonic-os 
lator potential”, (The smaller moments of inertia observed 
nuclei at low spins are due largely to the pairing correlation 
which should be quenched by the Coriolis force above ~30 
Furthermore, even in noncollective cases, the trajectory of lowe 
levels (for a Fermi gas) follows that given by rotating tl 
appropriately shaped rigid body’*. Thus, these geometrical arg 
ments are expected to be valid, and shapes in the y= 0-60? 
range should dominate at high spin, that is above ~30-4-in the 
A = 160 region. There are several detailed microscopic calcul 
tions that agree with these expectations. : 

There is a further important aspect to these shapes. Th 
rotation of a nucleus about an axis perpendicular to the syt 
metry axis is a collective rotation with smooth bands, E (U 
HI +1), and strongly enhanced E2 transitions connecting tr 
levels. There are many examples of such rotors:in the re 
around mass 160, one: of which is shown in the left- hand Si 
of Fig. 4. This is the lowest-lying sequence of levels in "E 
The odd spins are missing, indicating that the two ends of the 
nucleus are indistinguishable (symmetry under rotation of 
about the) xory axis Hike homonuclear diatomic molecule: 




















so the electric quadrupole transitions connecting the levels 
generally vary smoothly in energy and are enhanced by about 
150 times over that expected for a single proton, indicating a 
ollective quadrupole shape as shown on Fig. 4, On the other 
hand, a quantal system like the nucleus cannot rotate around a 
symmetry axis. This degree of freedom is contained in the 
single-particle motions. Thus, a nucleus with y = 60° builds up 
its angular momentum by aligning that of one or more individual 
nucleons with the symmetry axis, like spherical closed-shell 
nuclei. An example of this bevaviour is shown on the right-hand 
side of Fig. 4. The Gd nucleus is nearly spherical in its ground 
State and builds its angular momentum by aligning particles as 
hown on the far right of Fig. 4. The aligned particles give the 
system an oblate shape that effectively rotates about its symmetry 
xis, y = 60°. The motion is almost completely noncollective and 
he transitions in the '*’Gd scheme are quite irregular in energy 
ind are not enhanced. Most nuclei combine these types of 
behaviour, leading to triaxial shapes between 0° and 60°. This 
endency can already be seen in the '**Er scheme, where there 
re irregularities around spins 16 and 26, which correspond to 
ingle-particle alignments. 





otational alignment 

‘he lack of smoothness in rotational spectra came as a surprise 
when in 1971, a-discontinuity was found in the energies of the 
ground-state rotational bands of several rare-earth nuclei’, As 
the nucleus -de-excites ‘from a high initial spin, the regular 
increase in rotational period (slowing down) is interrupted 
occasionally by rather sizeable decreases. These correspond to 
internal rearrangements, ‘nuclearquakes’, and are generally 
called ‘backbends’, They are related to the pairing correlations 
in nuclei. 

The nuclear pairing correlations have an important role up 
to spins around 304. The nucleon orbitals in a static deformed 
potential are two-fold degenerate, corresponding to a time 
reversal of their motion. The angular momentum, j, of the 
‘nucleon has projections, +0, along the symmetry axis and, 
\ hen occupied by two nucleons, results in total ‘angulatm momen- 





Fig. 4 The level schemes are for 
the lowest-energy high-spin states 
in Erand "Gd (refs 31-33). The 
sketches on the left- and right-hand 
sides illustrate the dominant source 
of angular momentum in each case, 
collective rotation and single- 
particle alignment, respectively. 


tum zero. Every orbital, characterized by j, ©, can give rise to 
such a spin-zero pair. The nucleons in a filled orbital near the 
Fermi level can scatter as a pair into a nearby empty orbital, 
and the coherent scattering pattern that develops comprises the 
nuclear pairing correlations. This smearing of the Fermi level 
blurs the distinction between particle and hole states over the 
region. of the scattering, resulting in ‘quasiparticles’ that are 
mixtures of the two. It is interesting that these correlations are 
closely analogous to those in superconductors or superfluids. 
In fact, the equations of Bardeen, Cooper and Schreifer'® (BCS) 
that first explained Superconductivity are taken over exactly into 
the nuclear case'’~’® and give nearly correctly both the systematic 
mass difference between even—even nuclei (all paired, zero 
quasiparticles) and odd-mass nuclei (one quasiparticle) and the 
~2-MeV level gap in even -even nuclei (zero to two quasiparticle 
energy). 

These pairing correlations affect the ability of the nucleus to 
generate angular momentum. This is plausible since, insofar.as 
the pairs are coupled to spin zero, they can contribute nothing 
towards the angular momentum. This causes a factor of two or 
three reduction in the nuclear moment of inertia, which is given 
reasonably well by the BCS wave functions. It follows that 
angular momentum will tend to weaken the pairing correlations, 
thus increasing the moment of inertia and reducing the rotational 
energy. The mechanism of this weakening is the Coriolis force, 
which acts oppositely on the two members of the pair, lifting 
their degeneracy. Ultimately, the Coriolis force will tend to align 
the particle angular momentum as well as possible with the 
rotation axis. This process is analogous to the effect of a magnetic 
field on the paired electrons in a superconductor, where there 
is a sudden change back to the normal state when a critical 
magnetic field is reached. At first, it was thought that a nucleus 
might behave similarly when a critical angular momentum is 
reached, but the nucleus differs from the superconductor in at 
least two respects: (1) rather than approximately Avogadro’s 
number of electrons; there are ~100 nucleons in the nucleus, 
of which only 10-20% are near the-Fermi level and thus par- 
ticipating in the pairing correlations and (2) the nucleons have | 
a. wide spread 9 ofj j values ranging fi from l k at to _ 2 (for mass 
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Fig... The aligned angular momentum, i. is plotted against rota- 

` tional frequency, w, for the first backbend (i,3,. alignment) region 

-of the lowest-lying (yrast) sequence in '’Yb-and of two bands in 

Saly (labelled E and F). The midpoint of the sharp rise is 

‘approximately the crossing frequency (from B. Herskind, personal 
communication). 


~100). The result is that the nuclear phase transition is not 
sharp but broad,.as evidenced by a gradual rise in the moment 
of inertia for spins up to ~20-30 h. However, within this gradual 
rise there is occasionally a large irregularity that corresponds 
“to the rather complete alignment of a particular pair of high-j 
nucleons. This comes about because the Coriolis force is propor- 
tional to j and thus affects high-j particles most strongly, so that 


at some point the nucleus finds it energetically most favourable — 


to-alignsuch a pair-almost completely, while keeping the pairing 
correlations among the lower-j nucleons. This is what causes 
the nuclearquakes. In "Er and many other nuclei of that region, 
itis the sudden alignment of a pair of ij3,.(f=6, s= +1/2) 
neutrons” that causes. the large irregularity at frequencies 
around. 0.25 MeV (I ~ 16). Some of these same nuclei suffer a 
sécond’smaller discontinuity when a pair of A,,,;2 protons aligns 
at frequencies around 0.4 MeV (J ~ 26). Such detailed informa- 
tion is not available at frequencies much higher than this. 
However, this rotation alignment of high-j nucleons gives much 
more information about nuclear structure than might be 
apparent from the discussion so far. 

There is a point of view that angular velocity or frequency is 
an important dimension along which nuclear properties can be 
measured. (The canonical expression for the frequency of a 
rotor is: hw = dE/dI, and since the typical E2 rotational transi- 
tion carries two units of spin, hw is approximately half the 
rotational transition energy. This is fortunate as the transition 
energy is one of the most easily observable quantities.) Use of 
this intensive variable seems likely to provide clearer views of 
the underlying physics than would result from use of the exten- 
sive variable, angular momentum, even though the latter is the 
quantized and conserved quantity. In this picture a rotational 
band is just a sequence of snapshots of the same configuration 
at increasing rotational frequency, in which different properties 
can be observed. The alignments discussed above stand out in 
: the various bands like mileposts, and we now concentrate on 
‘these and, further, on the critical frequency, hw. at which they 
occur. Much of the available information is on the alignment 
of two isz neutrons in nuclei around mass 160. In Fig. 5 the 
igned angular momentum, i, for this pait (measured by the 
difference in angular momentum between the band under con- 








reasonable, since the aligning neutrons in this case are 113/25 
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Fig. 6 A plot showing the E(y,)~ E(y:) correlations in '**Dy 

following the reaction of 205 Mev “Ca on Pd. The data were 

taken with Compton-suppressed Ge detectors, have been corrected 

for the response function and efficiency of the detectors, and 

have had uncorrelated events subtracted by an iterative procedure 
(from ref. 24). 


sideration. and a reference band) is plotted against rotationa 
frequency for three bands. The solid line is for the lowest-energ 
band in the even-even nucleus Yb, which is much the sam 
as the band in ‘Er plotted in Fig. 4. The critical frequency i 
about 0.26 MeV and the aligned angular momentum is ~10/ 
(12h is the maximum for two i,;,. neutrons), The dashed lines 
are for two. bands in the nucleus ‘Yb with one additional 
neutron located in an orbital labelled either E or F. These orbital: 
comprise a time-reversed pair at zero rotational frequency an 
are not very pure shell-model states, although their dominan 
component is h/z. In the even-even nucleus '® Yb, this pair o 
states (E, F) is available for the pairing correlations, and, i 
particular, a pair of i3/2 neutrons can scatter into it, On th 
other hand, in ‘Yb it is blocked by the odd nucleon for th 
bands based on either E or F. The pairing correlations ar 
thereby weaker in general, and, in particular, for a pair of iis; 
neutrons. It is then easier to unpair and align the i,3/2 neutron 
and this occurs at a lower rotational frequency, ~0.22 MeV, a: 
seen in Fig. 5. The shift is clear, closely reproducible in othe 
nearby nuclei?', and can be related through calculations to the 
change in the pairing correlations involved; it turns out t 
correspond to a 20-30% reduction in pairing. Such propertie 
are calculated by cranking a deformed shell-model potentia 
around an axis perpendicular to the symmetry axis and ca 
relate a frequency shift to a change in the pairing gap wit 
reasonable confidence. Thus, blocking just one orbital near th 
Fermi level reduces the pairing correlations appreciably, a resu 
that is confirmed by other kinds of experiments—transfers \ 
pairs of nucleons, and directly from the odd-even mass diffe 
ence. The pairing correlations in nuclei are marginal, and thre 
or four blocked levels of either type (protons or neutrons) a 
enough to destroy the correlations for that nucleon.type. But 
the analysis of data like those shown in Fig. 5 can be carried 
considerably further. 

The discussion so far has involved blocking one particular 
pair of orbitals, E and F. Others can be blocked, and most of 
the calculations of nuclear pairing effects assume: identical 
results for blocking any orbital equally distant from. the Fermi 
level (called ‘monopole pairing’). This is, in fact, not very 














some orbitals will have better spatial overlap with these than 
‘others. It seems that the more similar ones will have a greater 
effect on the pairing. One measure of the shape of an orbit is 
ts quadrupole moment relative to the nuclear symmetry axis, 
ind, the magnitude of the frequency shift has been shown” to 
ye correlated with the similarity of the quadrupole moment of 
he blocked state to that of the aligning particles. In fact, blocking 
avery differently shaped orbital produced no shift in hw.. Such 
higher order effects are referred to as ‘quadrupole pairing’. Their 
ppearance results from the few-body nature of the nucleus, 
and gives us some information about pairing phenomena which 
jo not occur in macroscopic systems such as superconductors. 
- Exploitation of the rotational-frequency dimension has just 
egun. Studies of the type outlined above can be extended to: 
1) additional blocked orbitals; and (2) other aligning pairs. 
igure 5 shows that the amount of aligned angular momentum, 
i, varies between the even (0-2 quasiparticle) and the odd (1-3 
quasiparticle) systems. This is probably also a pairing effect but 
is not yet as well understood as the critical frequency effects 
discussed above. There are many other properties to study as a 
function of frequency, the detailed effects of (usually small) 
changes in the nuclear shape being another one of interest. The 
rocess of quenching the pairing correlations is also being 
tudied. It has not yet been possible to obtain quantitative 
easures of this quenching, although it is clearly large in some 
cases. 





Highest spins 

Above about 30 or 40 ħ, individual transitions cannot at present 

be resolved following heavy-ion fusion reactions because too 

many de-excitation pathways exist. Thus, to study higher spins 

wé must study unresolved y-ray spectra. Most of the techniques 

devised to do this have involved measuring average moments 

of inertia, and considerable progress has been made. 

-CAs a consequence of the interplay between collective and 

single-particle motions, there are a variety of moments of inertia 
ne can measure and compare with detailed nuclear model 
alculations. The first distinction to make is between kinematic 

and dynamic values. The equation for the rotational energies 

of a symmetrical top is: 

hee 

57 I(I +1) (1) 

where # is the moment of inertia. One sees that a moment of 

inertia may be defined from the first derivative of the energy 

with respect to spin: 


gO a I 
= = 2 
i? (2 he (2) 


where #"” is called the ‘kinematic’ moment of inertia because 
it concerns the motion of the system—the ratio of angular 
momentum to angular frequency. The second derivative leads 


to a definition: 

$2 [PEA dI 

h? (5 ) hidw 8) 
where 4° is called the ‘dynamic’ moment of inertia because it 
‘concerns the way that the system will respond to a force. If 
there is only the kinetic energy term as given in equation (1), 
these are equal, but, in general, when there are additional 
J-dependent terms in the hamiltonian these two moments of 
inertia will differ. In the present case, the Coriolis force perturbs 
the internal nuclear structure, giving rise, in lowest order, to an 
(1-3) term, so that #° # ¥°), This situation is not uncommon 
in other branches of physics. The arguments carry over into 
translational motion, where p?/2m is analogous to 17/24, and 
additional momentum-dependent terms in the hamiltonian give 
rise to two observed masses. An electron moving in a crystal 
lattice is a close analogue”, where the kinematic mass deter- 
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ith a specific orientation relative to the symmetry axis, and mines the level density and related statistical mechanical propèr- 





ties, whereas the response of the electron to an external force 
depends on a different, dynamic mass. In cases where the extra 
(angular) momentum-dependent term(s) depend on (1°) p° (or 
as long as they can be expanded in lowest order as such), they 
can be taken together with the kinetic term to give a renormalized 
(moment of inertia) mass. 

These two moments of inertia can be defined in principle for 
any sequence of states desired, but certain ones occur naturally 
in the decay processes. If the particle configuration is frozen, 
so that one is confined to a collective rotational band, the 
appropriate moments of inertia are #1), and #2} a. When there 
is no perturbation (alignment, shape change, and so on) of the 
internal structure along this band, these correspond to the true 
‘collective’ values, and this is an approximation often made. In 
general, however, a single decay pathway involves a sequence 
of bands having different alignments or shapes. It is then natural 
to define effective moments of inertia #0) and #3, which 
include both the collective contribution and contributions 
caused by changes in particle alignment and shape. For the 
unresolved spectra from the highest spin states, the population 
is spread over many bands in many decay sequences. Neverthe- 
less, average values for these moments of inertia can be deter- 
mined in the following ways. 

The y-ray spectrum from a rotational nucleus is highly corre- 
lated in time, spatial distribution and energy. For a perfect rotor, 
this spectrum is composed of equally spaced lines, up to some 
maximum energy corresponding to the decay of the state with 
highest angular momentum. One aspect of this distribution is 
that no two y rays have the same energy. If plotted on a 
two-dimensional diagram of E,(1) against E,(2), such energies 
give a pattern with no points along the diagonal and a series of 
ridges parallel to it. The width of the valley along the diagonal 
is determined by the difference between rotational y-ray energies 
and thus gives values for 4. The important point is that the 
spectrum need not be resolved to determine the valley width. 
All that is required is that the populated bands have similar 
moments of inertia at a given frequency (y-ray energy). 

The data™ in Fig. 6 come mainly from '*Dy formed by 
bombarding '*Pd with “*Ca at sufficient energy (205 MeV) to 
bring into the fused system all the angular momentum the 
nucleus can hold (~70 A). The data have been corrected for the 
response function and efficiency of the Ge detectors, ‘sym- 
metrized’ around the diagonal to improve the statistics, and 
have an ‘uncorrelated’ background subtracted. A valley is 
reasonably clear between 0.8 and 1.35 MeV. (There are also 
horizontal and vertical lines corresponding to coincidences with 
strong discrete y-ray lines from states below 40 h.) The width 
of the valley is roughly constant and can be evaluated to give 
IG a/W = (85+2)MeV™', around 1.4 times larger than the 
rigid-sphere value. Such a large band moment of inertia probably 
implies a large deformation—close to an axis ratio 2:1. Thus 
this spectrum provides the best evidence to date for superdefor- 
med shapes at high spins (0.8-1.35 MeV suggests a spin range 
35< I <60), and, indeed, the microscopic calculations indicate 
a strong shell effect favouring such shapes in the region of '**Dy. 
This is a powerful technique for identifying rotational bands in 
an unresolved spectrum, and will, no doubt, contribute greatly 
to our knowledge of the highest spin states. 

The effective moments of inertia are simpler in some respects. 
They involve relating a collective y-ray energy with a spin or 
measuring the number of y rays in an energy interval. The 
former gives #&/ values that have been measured in several 
different ways, originally by relating the maximum y-ray energy 
in a spectrum to the estimated maximum spin input”. However, 
Sq is much more sensitive to the nuclear structure. It is possible 
to measure Jig because, in a spectrum consisting only of 
‘stretched’ electric quadrupole (J > I ~2) transitions (which is 
a good approximation in regions of rotational behaviour), the 
number of transitions in a given y-ray energy interval is half 
the spin removed by that interval. If one knows the fraction of 
the observed population that goes through the interval, then the 











height of the spectrum gives directly 4/(w). A method has 
recently been developed” to estimate the feeding as a function 
of spin, and #? values have been measured up to spins around 
60h in the mass 160 region. With increasing frequency these 
generally show broad and rather smooth variations from below 
the rigid-sphere value to as much as 1.6 times larger. This could 
be due to variations in deformation, as was discussed for #2), 
values, but #{% contains, in addition, single-particle contribu- 
tions and these are subject to rather large shell effects. Measure- 
ments of #2), by the correlation method in some of these nuclei 
show values much smaller than #@) at the highest spins, arguing 
against superdeformation as the cause of the large # values. 
Calculations support the conclusion that in nuclei heavier than 
'S21Dy one should see single-particle effects from the next higher 
major shell before onset of superdeformation. 

While such data do not give the detail obtained at lower spins 
from studies of resolved lines, they are, nevertheless, beginning 
to give important insights into the physics of these highest spin 
states. No doubt techniques to study unresolved spectra will 
develop further if we do not learn how to resolve this: continuum 
spectrum. 


The future. 


-The study of nuclei at high spin is an active area. There are new 
types of detector systems coming into operation, as well as a 
rapid development of the theoretical tools to interpret the data 
and to serve as a guide in further data acquisition. 

The information on high-spin states comes mostly from studies 
of y rays; thus there is a strong incentive to develop more 
powerful y-ray detector systems. An obvious goal is to measure 
the energy and angle of every y ray emitted from a decaying 
high-spin state (up to 35 transitions in some cases). Two 4a 
detector systems have been built to accomplish this. These 
instruments are both shells of Nal about 8 inches in inner radius 
and 7 inches thick (insuring almost complete absorption of all 
y rays). To isolate the individual y ray, the shell is divided into 
many elements, 72 for the system built at Oak Ridge” and 162 
‘for the one in Heidelberg”. These instruments can measure the 
number of y rays and the total y-ray energy emitted, each with 
about 20% resolution (FWHM). In general, for the decay of 
high-spin states the number of y rays is related to the initial 
spin-and the total energy to the initial excitation energy. Thus 
these instruments can isolate a rather small initial population 
region, as can be visualized in Fig. 2. The spectrum of y rays 
from this limited region should be-much simpler to study than 
that from the entire reaction, perhaps even fully resolvable. 
Furthermore, the spin and/or excitation energy (nuclear tem- 
perature) of the region can be altered by changes in the gating 
conditions. Such possibilities are exciting and, already, out of 
some initial studies*®, evidence for variations in the y-ray spec- 
trum with initial temperature has been found. 
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These ‘crystal balls’ also measure the energy and angle o 
(nearly) every y ray. This will surely be interesting to explore 
but is not quite as powerful as it might be because the y-ray 
energy resolution in Nal is rather poor, 5-6% (FWHM) fora 
1-MeV y ray. In fact, these crystal balls will probably often b: 
used in conjunction with detectors. of higher energy resolution 
mainly germanium semiconductor detectors, which give abou 
0.2% resolution at | MeV (but cannot be made so large). Such 
considerations have led to ‘combination’ detector systems? | 
low-resolution highly efficient shell to give the initial-state selec. 
tion (as described above) coupled with an array of high- resol: 
ution Ge detectors. One such apparatus exists at Daresbury’? 
another is nearly complete at Berkeley, and several others. art 
under construction. Such systems will contribute both toward 
resolving the continuum and to the detailed spectroscopy of th 
lower spin regions. 

The high-spin field is, thus, giving rise to a new generatio 
of data acquisition systems. Fortunately, the theoretical develop 
ments have kept pace. Single-particle motion can be calculated 
in deformed potentials of several types, and, further, these car 
be cranked about various axes to simulate the rotation. Su 
calculations, though still approximate, can be an excellent guide 
Virtually all the properties now measured can also be calculate 
and comparison provides a stimulus both to interpreting ‘th 
experimental data and to improving the. calculations. In: thi 
lower spin regions the pairing-correlation studies are an cramp 
of this process. 

Many questions remain. Two in. the lower-spin region are 
where and how are the pairing correlations finally quenched b 
the rotation; and what is the detailed nuclear shape and how 
does it vary for different bands (configurations), as a functior 
of spin in a single band, and as a function of nuclear temperature 
At higher spins the questions are broader. What are the appropri 
ate quantum numbers to describe the system? This is related ti 
the question of whether there are still large single-particle effect: 
(irregularities) or whether the nucleus has been homogenize 
at the highest spins and the motion has become fully collective 
One is examining in detail here the generation of collectiy 
properties out of an underlying single-particle structure. The 
there are the interesting questions connected with ‘superdefor 
mations’ and. the shape evolution connected with fission. Ove 
a broad range of masses, the angular momentum we can stud: 
is limited mainly by fission, so it is clear we can reach situatio 
where the centrifugal force produces major changes. How the: 
are influenced by shell effects or other aspects of the single 
particle motion will be fascinating to study. The nucleus provide 
a chance to study a few-body quantal system over a broad rang 
of a variable, the rotational frequency. The results should enric 
our perspectives on such systems. ; 
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instein Observatory and Exosat X-ray data from 1E0630 + 178 reveal a ~50% periodic emission at 


2 59 s. This confirms 


the earlier SAS 2 and COS B findings on 2CG195+4 at E> 50 MeV, and provides the temporal signature for the 
identification of Geminga. The observations, spanning over a decade (1973-83), also suggest a very high positive period 
derivative, P, which has become still higher between 1979 and 1983. A simple source scenario is proposed, based on a 
binary system containing a compact object responsible for the high energy emission, and also taking into account recent 


tra high energy y-ray measurements. 





THE high-energy (>50MeV) y-ray source 2CG195+4 
(Geminga), discovered by the SAS 2 satellite’? and confirmed 
by COS B (see ref. 3), is the brightest of the unidentified y-ray 
sources, and the one which has the smallest ‘error box’, with a 
radius of ~0.4°. As such, it has attracted many searches for 
counterparts at other wavelengths (see ref. 4 for a review); 
recently, a particularly interesting new Einstein X-ray source, 
and its optical counterpart candidate (ref. 5), has been proposed? 
as the object responsible for the y-ray emission. 

<: We have analysed the Einstein X-ray data as well as the new 
Exosat observation of this source’, and discovered a 259 8 
periodicity with a very high value of the period derivative P. 
Such periodicity was Ge geo! reported by the SAS-2 team’, 
and was later confirmed” and then retracted’ by the COS B 
collaboration as non-statistically significant. 

It now seems that the ‘Lamb-Thompson’ method of analysing 
the 121 SAS 2 photons, albeit crude, was indeed correct and, 
more important, that the timing signature confirms the identifica- 
tion of Geminga. 

_ Other interesting properties of this object are revealed when 
all the published data are taken together (including the ground- 
based measurements of Zyskin and Sane ), in particular 
iat the already very high P (>2 107? ss~') between 1972 and 
1979 seems to become higher still eevee 1979 and 1983. 

Finally, the ‘spindown’ time of this object hints at the possibil- 

ity.that.Geminga may be the remnant of the event witnessed in 
1D 437 by the Chinese, which was almost certainly not a super- 
va, but simply a star “seen by day”. 

A simple phenomenological model of the source is proposed, 

hich considers a binary system that includes a dwarf non- 

generate star and a collapsed object. 


The X-ray data 
‘able 1 lists the X-ray observations of Geminga. Five data sets 
are given for the 1979-83 period: two Einstein imaging propor- 
n counter (IPC) fields (3333 and 10371), one Einstein High 
solution Imager (HRI) field (8353) and two contemporary 
osat channel multiplier arrays (CMA) fields. The source data 
on.each observation were analysed separately for periodicity in 
the ~59-s range. Starting with the IPC 10371 data, where the 
st statistics. are available, we now describe the analysis pro- 
dure. It consists of two steps: the source photon definition 
and the periodicity search itself. The IPC data suggest that 
Geminga is a very soft source (see ref. 6), most of the counts 
of which are within the first 10 of the 32 IPC energy channels. 
nsidering also. the shape of the IPC background spectrum, 





Table 2 shows the signal and noise contributions to the observed 
source counts for three energy intervals of the IPC range; 
obviously, the best source signal-to-noise ratio is expected for 
energy channels 2-10. The relevant source photons are then 
defined by means of a saturation curve of the point spread 
function (PSF) of (in this case) the IPC instrument. (Fig. 1). 
The number of total photons within a given radius R (in pixels 
of 8 arcs) from the source position is plotted against the radius 
R, together with the number of background photons expected. 
The number of background photons can be accurately deter- 
mined from studying adjacent source-free regions and is remark- 
ably constant. One can then subtract the background contribu- 
tion from the total source counts, and obtain a ‘pure source’ 
curve (an integral PSF) which saturates (flattens) for R = 23-25, 
or at a slightly greater value than the usual one for harder 
sources of similar flux (see ref. 11). One can thus fix, a priori, 
R=23 and 2< E.n < 10 as the selection criteria yielding the best 
signal-to-noise ratio for this source. This gives 810 photons, the 
arrival times of which were subjected to a periodicity search: 
they are folded in phase with a period scanning the region 
around the extrapolation of the P(t) law joining the SAS 2 and 
COS B points: 59.40 to 59.80 s. This was covered in 20 steps of 
2x107*s, Such steps are reasonably independent: over the 
elapsed <20,000s of observation, there are ~300 ~ 1-min peri- 
ods, and for a 6-s bin (in a 10-bin light-curve), it takes a period 





Table 1 Observations 





Date Elapsed time Useful time 
(s) (3) 

Einstein 

IPC 3333 20 September 1979 35,676 2,401 

IPC 10371 17 March 1981 19,702 8,361 

HRI 8353 18 March 1981 8,397 2,411 
Exosat 

CMA I 9 September 1983 30,676 19, 106* 

CMA 2 9 September 1983 34,263 27,496* 





* Continuous observations; the difference between elapsed and useful 
times is due to instrumental dead time only. 


Table 2 Energy channels 





2-32 2-20 2-10 
Total counts 1,129 1,023 810 
BKG counts 220 140 89 














3.94 (9 d.f.) was found for P = 59.74. A further fine scan was 
carried out around this value, yielding a x° of 4.26 (9 d. f.) for 
P= 59,737 s. This has a single trial probability of | x 10, and 
considering the number of trials, a final probability of 2 x 107 
As a further check, a set of ‘calibrations’ was carried out, 
covering the region 10-210 s, where the data behaved as expected 
from classical statistics, indicating that the data base is not 
polluted by systematic time effects of unknown origin. Figure 
2a displays the light curve corresponding to P= 59.737 s. When 
the background level (of ~100 photons) is subtracted, it is 
clear that a significant (~50%) ‘unpulsed’ component is also 
present. 

Owing to the limited time interval covered by the Einstein 
observations (<3h), no assumption was necessary about the 
existence of a É, nor was there any scan for Ê, On the other 
hand, it is possible to perform other tests to check. the reality 
of the effect, and in particular, its behaviour, according to the 
signal-to-noise ratio. After the maximum x’ was found, the 
corresponding period was used to fold the source data for 
different R values (in pixel, see Fig. 1). The right-hand scale of 
Fig. l gives the x? values for that period (= 59.737 s) as a function 
of: .R.As expected, this goes through a maximum, peaking 
‘broadly around R~ 23, where the ‘pure source’ counts cease to 
increase, and then decreases for greater Rs, as mostly back- 
ground photons are being added. 

A further test, also a posteriori, is to introduce in the data 
base those photons with energy channel assignment > 10, that 
is, those that are mostly background. The resulting 1,190 
photons, folded at the best period (59.737), yield a x 223. 8, 
that is, degraded by the background introduction, We thus 
conclude, from the numerical value of the probability as well 
as from the signal behaviour with respect to noise perturbation, 
that the periodicity effect in the IPC 10371 photons from this 
source is significant. We also note that the general shape of the 
light curve appears to be regular, with two well defined peaks 
separated: by ~0.4—0.5 phase. 

The Einstein HRI observation 8353 was performed <12h 
after IPC 10371, on 18 March 1981. Such a small lapse in time 
means that the P of the source can again be neglected and the 
HRI data can be analysed using the same value for the period. 
The source is seen very- well in the HRI, with 91 counts within 
15 pixels (of 0.5 arcs), and thè counter background in this case 
is extremely low. The folding algorithm was then applied to the 
HRI data, yielding the ‘light curve’ shown in Fig. 26, for P= 
59.737 s and assuming the same time origin (phase) as for the 
IPC photons of Fig. 2a. Within the very limited statistics, the 
shapes of Fig. 2a and b are the same. Because of the common 
time’ origin, the IPC and HRI photons can then be folded 
together, producing the light curve in Fig. 2¢ where. the ei 
ground level (of 100 photons) is indicated. The reduced x? 
now = 4.72, or a single trial probability of ~5 x 107’ and (an 
sidering that no scans were performed for the HRI data), a final 
confidence level of ~1 107° for the periodicity of 59,737 s, in 
the Einstein March 1981 observations. Figure 3 shows the x? 
distribution for the a posteriori period scan for the complete 
IPC +HRI data set. The scan interval from 59.4 to 60.0 is shown 
for both the source data and the background. The source data 
show the reported periodicity as an apparent peak in the x? 
distribution, while no such-effect is seen in the off-source data. 
Note that, owing to the increased time base covering the IPC 
and HRI observations, the length of an independent period step 
is ~7 x 107+ s. Figure 3 can also be used to assess the error of 
the best period determination. Within the limited statistics, the 
size of the peak around 59.73s indicates an uncertainty of 
+0.05 s. 

The same analysis procedure as for IPC.10371 was then 
applied to the IPC 3333 data. Here, the source statistics are 
„poorer, owing to the shorter (3,000 s) exposure of the field. 
The source is, nevertheless, clearly visible, and is similar to the 
10371 observation, in terms of both the saturation curve (which 
follows Fig. 1) and spectral shape. Here, the period expected 


“change of 0.02s for a 1 -bin shift. A maximum reduced y? of 
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Fig. 1 Saturation curve of the Geminga source from the Einstein 
Observatory IPC 10371. observation. Left-hand scale: the number 
of photons in the 2~10. IPC energy channels within a given R (in, 
8 arc s pixels) plotted against R for: a, total; b, pure source: or, © 
total minus background, c, background, as measured for'several: 
adjacent source-free regions and assumed smooth. While the back- 
ground contribution-increases quadratically with R, the source is: 
seen to ‘saturate’ for R 223, Right-hand scale: reduced y? value” 
of the 10-bin light curve after folding the data at P = 59,7378 for. 

different R values. 2 


120 


100 [1 io 
l i Sarena 


oe GS Gr 


60 ‘ae 
i 








| 

t 

| 
fa tes 


Counts per bin 
tf 

O 

> 

| 

R 

© 


100 














0.0 0.2 0.4 0.6 0.8 1.0 
Phase 


Fig. 2 Light curves for the Einstein March 1981 obseivätións. a” 

IPC data only (energy channels 2-10, R= 23), 810 events folded 

at P =59.737; b, HRI data only (91 events) (right-hand scale) 

folded at the same period and in phase with a; Gs sum of the IPC: 

and HRI light curves (911 events), the reduced x? (OGL) is 4.72. 
The background level is also shown. 
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< Fig. 3 Examples of the a posteriori period scans for the 

“EPC 10371+HRI 8353 Einstein source data. a, Total calibration 
scan, covering the period range 10-2108 in 10,000 steps of 0.02s 
each. The data are seen to behave as expected from statistics, and 
the x° peak (4.72) at ~59.7 is apparent. b, ‘Zoom’ of the above 
scan, covering the period interval 59.5-60.0 s in 600 steps of 0.01 s 
“each; solid line: 901 source events: broken line: 1,295 background 
(off-source) events. The significance of the periodicity i in the source 
data can be gauged by shape and width of the y? peak between 
59.7 and 59.8 s. 
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Fig.4 Saturation curve of Geminga in the Exosat CMA2 observa- 
tion (September 1983). Thin Lexan (3,000 A) filter was used, Each 
pixel is 4 arcs. Curves a, b and c are as. used in Fig. 1. 








‘from the extrapolation of the SAS Zand: COS B data falls inthe 
irange 59.30-59.70s. A similar timing analysis has been per- 
formed in this region on the 208 photons with R=203 and 
energy channel 2-10, A maximum x’ of 3.6 (9 d.f.) was found 
for P = 59.466 s, corresponding to a single trial probability of 
2x104, reduced to 4x 107? when the number of independent 
trials are taken into account, 

The a posteriori checks on the signal-to-noise behaviour of 
the y7 values were also performed, and yielded results compat- 
ible with those obtained for IPC 10371. We conclude that, 
although not fully significant, the analysis of the IPC 3333 data 
suggests that the same effect is present, albeit at a period P= 
59.466 s, as a very strong period derivative (in excess of 
4x 10°’ ss7') between the two Einstein observations. Note that 
from ee Inc 10371 data one expects a 50% modulation, or, in 
the case of IPC 3333 observation, an effect due only to ~100 
IPC source photons. 

We now consider the more recent X-ray observations of this 
source, performed by Exosat in September 1983. The instruments 
used were the CMAs of the two (separate) low-energy telescopes, 
pointed in parallel at the source for ~10 h. The source detection 
and its possible time variability on a time scale of hours have 
been reported by Caraveo et al. (see accompanying report)’. 
Concentrating on the CMA2 data, obtained with a thin filter 
(3,000 A Lexan), transparent to this soft source, it is possible 
to produce (Fig. 4) a saturation curve similar to those obtained 
for the Einstein Observatory IPC data, with each pixel here 
being 4 arc s. The background level (also checked to be uniform 
in adjacent source-free regions) is much higher for these data 
than for the Einstein ones, possibly also due to the very different 
orbital characteristics. Here again, the source is seen to ‘saturate’ 
later than expected from the counter performances (see refs. 7, 
12) certainly due to the >20 arc min distance of this source 
from the telescope pointing direction. Thus, to have a result 
comparable with those of Einstein, rather than using a large R 
value (which would obviously accept a lot of background), we 
use an R value which implies the same signal-to-noise value as 
in the IPC data, that is, 10 when R =5. The folding algorithm 
was then applied to the 360 events of the CMA2 with R <5. 
The period scan region was, of course, influenced by the Einstein 
results, and covered the range 60.0-60.3 s, in steps of 0.01 s, or 
the value defining an independent step for a ~ 10h observation 
of this periodicity. A maximum y? of 3.09 (9 d.f.) was obtained 
for P = 60.06. A further small fine scan was carried out around 
this value yielding y? = 3.24 for P = 60.056; Fig. Sa shows the 
corresponding light curve. 

To exploit all the available Exosat data, the photons detected 
at the same time in the CMAI instrument, equipped with an 
aluminium/parylene (Al/Par) filter were used. Figure 5b shows 
the ‘light curve’ of these 75 photons, also folded in phase with 
the CMA2 photons at P = 60.056 and with R = 5. Although the 
CMA! data are clearly non-significant the similarity of features 
in the two independent distributions of the two separate CMAI 
and CMA2 instruments is interesting. Moreover, the sum of the 
two curves, that i is the total CMA data or 435 photons, shows 
a significant x? improvement (=3.86), and is also shown in Fig. 
5c. The overall probability of this light curve being due to a 
random fluctuation is ~1 x 107°. 

The same a posteriori calibration procedure as used for the 
Einstein data was applied to the Exosat CMA data: the source 
data were folded over the period 10-2105. While the data 
exhibited the expected statistical behaviour, no other significant 
periodicity was found in the range 59—60 s. 

No absolute phasing has yet been performed between Figs 2 
and 5. This, as well as the different statistics and instrument 
types, renders the comparison of the IPC and CMA light cuves 
difficult. However, some similarities in shape can be seen (for 
example two peaks) and the CMA light curve again implies a 
~50% source modulation. If anything, differences in the peak 
shapes could be attributable to the different energy ranges 
covered by the various counters and/or to the different epochs 
of observations. 








= The Exos. 

“dent confirmation of the existence of the periodicity effect in 
Geminga, with an overall confidence level between those of the 
two Einstein data sets, as can be predicted from the statistics 
and.the counter performances. 

As a general check against possible systematic origin of both 
the. Einstein and Exosat periodicity results, a calibration pro- 
cedure (consisting. of 50,000 steps between 10 and 110s) was 
applied for off-source data, taking a comparable number of 
photons for each case. In no case did the reported periods have 
an even remotely significant value of y*, thus ruling out possible 
instrumental causes for such periodicities: in the data from the 
two satellites. The dotted curve of Fig. 3 gives an example of 
the results of the folding on off-source data. 


The y-ray data 


The available observations in y rays published so far.come from 
the SAS 2 and COS B missions in the range >50 MeV, in refs 
Zand 8 and the two ground-based ones > 10’ eV, in ref. 10. It 
is not easy to assess the confidence levels individually, and even 
less ‘so to compare them, beyond the evaluations given in each 
paper. While the two ground-based measurements were rela- 
tively short.(1-2 days), for the two satellite. missions, due to the 
observation lengths, a P term had to be introduced, leading to 
a bidimensional P-P- scan in the periodicity search, which 
increased the number of ‘trials. However, the number of trials 
considered in the COSB retraction. of the effect” was probably 
not correct, owing to the obvious non- independence of the trials 
inthe P and P scans. While awaiting further analysis of the 
COS B data, we take the published P and P at their face values. 


The complete secular picture 


Having reviewed all the available data on the 59-s periodicity 
of Geminga, that is, two different. satellite y-ray (>50 MeV) 
‘obsérvations, two ground-based >10'* eV y-ray measurements 


and five diffetent X-ray satellite (few keV) data sets, we can 


present the secular picture, covering the period. December 1972- 
‘September 1983. This is givenin Fig. 6, where the period values 
are plotted against time: The. vertical error-bars of the X-ray 
data are derived using the method illustrated in Fig. 3. Even for 
the SAS 2 and COS B data, the duration of the measurement is 
unnoticeable on the graphic scale. For clarity, the earlier repor- 
ted errors on the P (refs 2, 8) are not plotted. 

All the points shown in Fig. 6 have a common secular trend, 
except for the 1981 measurements of ref. 10; which has a period 
of 59.28 s. Although the number of y-rays- used for this point 
is exactly half of those for the 1979 point at 59.46 s, the authors 
claim a higher level of confidence for it. We shall propose below 
a possible explanation for the position of this point; but first, 
we examine the secular trend of the other six measurements. 

Three possibilities of fitting the data with a P(t) law were 
investigated: (1) a straight line; (2) a second-order polynomial; 
and (3) two straight lines, The first gives a very poor fit and will 
be. disregarded. Good results could be obtained with a single 
parabola, while with two straight lines several possibilities exist, 
all imposing a significant break in the slope somewhere between 
1979 and 1980. The best fit, in this last assumption, is obtained 
using P = 2.4 10°? up to Modified Julian Day (MJD) = 11,000 
and P= 4.68 x 107° thereafter (Fig. 6). 

Assuming that the reported periodicity is due to a compact 
body rotation, and its rate of change to a secular slowing down 
of this rotation, the fits of Fig. 6 can be used to evaluate its age. 
In the parabolic fit, the continuously changing P reached 0 
about 15yr ago, an interesting if extreme suggestion. In the 
linear. fit, it is uncertain which value of P should be used for 
computing the spindown time 7 = P/P in view of the suggested 
change, which, if true, can hardly be considered a unique event 
inthe: object life. For the 1973-79 P, which seems to be very 
well represented by a single straight line, the spindown time 
would be. ~800.yr: this. time would. have to ‘significantly, 


ata, taken: individually, provide a good indepen- 
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Fig. $ Light curves of the Geminga Exosat CMA data folded in. 

phase with P = 60.0565. a, CMA? (Lexan) data (360 events). b, 

CMAI (Al/Par Filter) data (75 events). c, Sum of the a and db: 

data, yielding a reduced y* = 3.86 (9 d.o.f.). The background levels 
are also. shown. 


lengthened if similar changes in P-had occurred earlier in the 
object’s lifetime. On the other hand, if similar changes in'P 
occur frequently enough (perhaps once every 10 yr) then a ve 
small value of P can be reached in less than a few hundred year: 

Note that there is a preliminary report (P. Dourouchoux an 
A. S. Jacobson, personal communication) of an intense source 
of | MeV y rays.seen from the general Geminga direction during 
one HEAO 3 observation early in 1980, but not during the 
preceding one in 1979. 


The event of AD 437 


When studying Geminga, it is interesting to recall the ever 
recorded by the Chinese in AD 437 (ref. 10) when, on 26 January 
a star was “seen by day” (actually between 3 and 5 p.m.) in th 
Lunar Mansion “Tung Ching” °. Stephenson’? translates this 
into galactic coordinates l= 195, b = +5, a rather striking coin- 
cidence with 2CG195 +4. The uncertainties on these coordi 

ates, however, are unknown and may be large (F. R. Stephenson, 
personal communication). From the considerations on P an 

its possible changes, the ‘age’ of the object, or at least its 
spindown time, could be compatible with 1,500 yr, even if this. 
value is not implied by the data. On the other hand, the event 
of AD 437 is still not identified, because early attempts to 
associate it with the SNR 1C443 have now been shown to be 
untenable. The analysis by Stephenson and Clark’* suggests that 
the event was not due to a supernova, mostly because of its 
short duration. Moreover, no remnant of a supernova explosion 
of 1,500 yr ago (at least of the known types and especially if-at 
a distance of 2100 pe or so) could have remained undetected 
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Fig.6 Secular variation of the 59-s periodicity of Geminga. Over 
the 1973-83 decade, the periad values for each observations (see 
symbols where the measurement year is specified) are plotted 
against MJD, As an example of the good fit to the data, two lines 
are shown with slopes P = 2.4 10°? ss~! up to MID = 11,000 and 
P=4,68x10° thereafter. The time of the positive HEAO 3 
~} MeV y-ray measurement is shown with a vertical bar at 
MJD 11040. 


do the Geminga region. One is then left to consider an event 
roducing a relatively short optical flash, reaching an apparent 
visual magnitude of ~—4 (ref. 15), rather brighter than an 
irdinary nova. 


Constraints on the model 


e evidence summarized in Fig. 5 suggests a source with the 
‘highly unusual property of an emission covering the keV-TeV 
range with a periodicity around | min and which, moreover, 
shows a high and rapidly increasing period derivative. This is 
ot an easy problem to interpret. 

Maraschi and Treves'® noted, at the time of the first COS B 
observation, that an explanation for Geminga requires a choice 
between an isolated compact object (neutron star), or one in a 
binary system. For the isolated neutron star, a difficulty with 
the energy budget arises if the observed P and P are interpreted 
as being due to the spin down of a pulsar. Following Maraschi 
and Treves, the available energy loss E = Iwo, where w is the 
rotational angular velocity and I is the moment of inertia, would 
be in the region of 10°*-10"* erg s, and even if this were transfor- 
med with a high efficiency in y ray emission (both ~ 100 MeV 
and >10'? eV assuming that these could be produced by such 
a slow pulsar), it would require a distance to the squrce of 
Several tens of parsecs only. While this is not in contrast with 
the X- -ray source distance estimated from interstellar absorption, 
there is no independent evidence for such a small distance. 
Maraschi and Treves proposed that the observed ~ l-min period 
is that of the neutron star nutation, and that the true spin period, 
uch shorter, is so far undetected. This Deus ex machina would 
‘Supply, as in the case of Cyg X-3, all the energy needed, and 
‘one would only be concerned with satisfying the observational 
constraints on the flux at various wavelengths. We have scanned 
he data using a Fourier fast transform algorithm for unknown 
hort periodicities, but without success. Admittedly, this is a 
ifficult search, especially i in the presence of a strong and vari- 
able P. Note that, again following Maraschi and Treves, if the 
~59-s period P, is interpreted as due to the precession of an 
object spinning ‘with period Ps, then P,/ Ps = P,/ P,, implying a 
P, comparable with that of, for example, the Crab pulsar for a 
similar Ps. One would thus face the opposite situation—much 
more power than is observed—and would have to invoke a very 
unfavourable beaming geometry. 

-The alternative possibility, that of a binary system, appears 
More attractive because of the added degree of flexibility and 
also because of its better fit to the optical observations gathered 











so far'”"*, The my 220 candidate could be a subliminous 
G-type star in a binary system with a- collapsed object (which 
in itself could hardly yield the observed B~ V~ +0.6). This 
hypothesis could explain the 1981 point of Zyskin and Mukanov 
at 59.28 S As, for example, in the proposal by Vestrand and 
Eichler’? for Cyg X-3, a beam of ultrahigh-energy particles is 
created in the vicinity of the neutron star and hits the surface 
of the primary. Radiative collisions (7° and bremsstrahlung 
production) reprocess the incident beam to produce the obser- 
ved GeV-TeV y rays and the (possibly thermal) keV X rays. 
For a given angular width of the primary beam, and if the 
reprocessing introduces some further scattering, the possibility 
exists for the reprocessed radiation to be observed together with 
the ‘direct’ ultrahigh-energy beam. Co-rotation of the processing 
region would produce a beat period between the reprocessed 
emission and the direct one, the difference in frequency between 
the two being the orbital frequency. At variance with the quoted 
Cyg X-3 model, this is similar to what is observed, at different 
wavelengths, in some X-ray binaries and cataclysmic variables 
(see ref. 20). 

Assuming then that the 1981 ultrahigh-energy point is at the 
‘direct’ period of 59.28s, from Fig. 6 one would place its 
appropriate beat at 59.65 s, and thus compute the orbital period 
of the system, which turns. out to be 160 min. 

The immediate difficulty would then concern the other (1979) 
point of ref. 10, which, at 59.46 s, seems to be well aligned with 
the P fit of Fig. 6. If 10”? eV y-rays are also created by radiative 
collision reprocessing, this could be interpreted as a beat period 
itself, and imply that two period values, separated by an orbital 
frequency of 1x10°*Hz, could be present in the ultrahigh- 
energy y-ray data with possible different statistical significance 
and, of course, of difficult detection within limited statistics. 

In the above picture, the energy budget is not particularly 
eased with respect to the isolated neutron star situation, the 
main advantage being that, if precession is invoked to explain 
the 59-s period, the reprocessing geometry can help to eliminate 
the excess power generated by a fast pulsar. 

Many questions remain unanswered, especially if the observed 
periodicity is not due to precession. What could be the reason 
for such a high positive P? Could it be connected with angu- 
lar momentum transfer in a binary system, remembering that 
accretion must be limited to yield an X-ray luminosity of 
~10°° ergs”! (at 100 pe)? What is the cause of its apparent (and 
lasting) change? Could this be connected”'” to the ‘transient’ 
low-energy y-ray event at MJD 11040 (early 1980)? Is the 
obviously short lifetime of the system related to an evolutionary 
stage of a longer (binary) scenario? What about its origin? If 
the correlation with the AD 437 Chinese observation holds (in 
a way, this seems easier to accept than more radically short 
lifetimes) and because no SNR is observed with any certainty, 
a non-explosive collapse should be considered (as mentioned 
by Maraschi and Treves’), for example, with the mechanism 
proposed in ref. 23. 


Conclusions 


We have presented evidence for periodicity at 259s for five 
independent X-ray data sets of the Einstein and Exosat source 
within the Geminga y-ray error box. This also confirms the early 
discovery in y rays (SAS 2, COS B) of such an effect, and, more 
importantly, gives final proof of the identity of the X- and y-ray 
sources. For the X-ray data, the evidence is quite firm on the 
existence of a significant (50% ) unmodulated flux from the 
source. The complete data on this source, including satellite X- 
and y-ray data and ground-based ultrahigh-energy y-ray data, 
point to a very strong positive P for such a pulsation, which 
seems to exhibit either a continuous secular change in the years 
of observations (1973-83) or a sharp increase of about a factor 
of 2 in 1980. ; 
Some corollary points have also been made. The ‘age’ (= P/ P) 
of the ‘pulsating’ object, as well as the coordinates in the sky, 
could associate its. origin with the event witnessed by the Chinese 











“in AD 437. In view of independent ‘evidence on the proposed _ 


optical counterpart, a qualitative model can be constructed, 
based on a compact object (for example, neutron star) in a 
binary system. In this model, reprocessing by radiative collisions 
of an ultrahigh-energy beam would explain most of the keV-TeV 
data, which would be seen at a beat of a true rotational period 
of the compact object. A binary period of ~ 160 min would be 
implied. The ‘transient? HEAO 3 y-ray flux of | MeV suggested 
to originate from the Geminga direction could be correlated to 
the time (early in 1980) of the mentioned P increase. 

The data accumulated over a decade of Geminga observations 
and, in particular, the X-ray observations, have yielded sig- 
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When linked to transcriptional enhancers, the mutant Ha-ras-1 gene from the T24 bladder carcinoma cell line induces th 
complete malignant transformation of early passage cells, while the normal Ha-ras-1 proto-oncogene only induces immortaliz 
ation. Therefore, mutated Ha-ras-1 does not require a cooperating gene to trigger malignant conversion and ras genes. 
may be involved in the process of tumorigenesis at an earlier stage than previously suspected. 









CARCINOGENESIS in vivo has been shown to'be a multi-step 
process. Evidence for this comes from epidemiological studies! ; 
experimental chemical carcinogenesis in animal model systems’ 
and recent studies on virally induced tumours in chickens*“ 
The process has broadly been subdivided into two-steps, an 
initiating step and a completing step’. Initiation is thought to 
be an absolute requirement involving mutational events in as 
yet unknown genes, while completion involves subsequent alter- 
ations that result in the tumorigenic state. In attempts to develop 
experimental systems suitable for in vitro testing of this model, 
much recent work has focused on the tumorigenic conversion 
of cells in culturef®®. In such systems two steps can again be 
distinguished: a first step in which cells are immortalized (rescue 
from senescence) but have few phenotypic characteristics 
of malignant cells, and a second step (completing step) in 
which cells acquire phenotypes characteristic of malignant 
cells (for example, reduced serum requirement, anchorage 
independence and ability to induce tumours in experimental 
animals). 

Initial attempts to identify genes acting dominantly at the 
cellular level, which could affect one of these steps, concentrated 
-on: viral: genes. As a result of these experiments several viral 
genes. have been identified which are thought to effect rescue 
from s senescence but not Tora These include the polyoma 





















large T antigen and the adenovirus Ela genes”'®. Genes which 
exhibit the ability to cause completion to a malignant phenotype: 
include the adenovirus Elb and polyoma virus middle T. 
genes''-'?, Another set of viral genes (termed v-onc genes) in- 
volved in the malignant conversion of cells has been identifie 
in the acutely transforming, highly oncogenic retroviruses. Fev 
of these have been rigorously tested in quantitative assays fo 
rescue from senescence or completion, but it is clear that:a 
least some cases, retroviral oncogenes can trigger complet 
malignant conversion of primary cells (for reviews see refs 13, 
14). In these cases, it seems likely that both mutation of amino 
acid coding sequences and transcriptional activation contribut 
to the highly transforming phenotype. The retroviral oncogenes 
are closely related to and are assumed to be derived from norma 
cellular genes (termed proto-oncogenes). Alterations in these 
genes are associated with in vivo carcinogenesis. The alterations 
so far identified include amplification, rearrangements such as 
transposition or chromosomal translocation and mutation (for 
review see ref. 15). 
DNA-mediated gene transfer techniques are among the most 
useful ways of detecting altered cellular ee with 
transforming ability in tumour cells and cell lines**. Most of 
these experiments have used NIH 3T3 cells as recipiet 
most. experiments. have detected mutated cellular ho 
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‘Fig. 1 a, Schematic representation of pAG60 (6.2 kb), Homer 6 (8.7 kb), Homer 5 (8.7 kb) and derivative plasmids carrying the human T24 
“or normal Ha-ras-1 gene. The BamHI fragment containing the T24 Ha-ras-1 oncogene is 6.6 kb long’’, whereas the BamHI fragment containing 
“the normal human Has-ras-1 oncogene from fetal liver is 6.4kb*°, Plasmid pAG60*' contains the bacterial Tn5-encoded aminoglycoside 
--phosphotransferase (aph) gene under the transcriptional control of the 5’ and 3' signals of the atnes simplex virus thymidine kinase gene 
{HSV-1 tk). Plasmids pAGT! and pAGT2 were obtained by insertion of a 6.6-kb BamHI fragment containing the human T24 bladder carcinoma 
-Ha-ras-1 oncogene into the BamHI site of pAG60, and plasmids pAGNI and pAGN2 by insertion of the 6.4-kb BamHI fragment containing 
“the human normal Ha-ras-| oncogene. Plasmids pAGT! and pAGNI contain the T24 and the normal Ha-ras-1 genes in the same orientation 
as the aph gene and plasmids pAGT2 and pAGN2 in the opposite orientation. Homer 6 was derived from the cosmid vector Homer 5 by 
Jonathan Wolf. Homer 6 contains the aph gene under the 5’ transcriptional control of the Moloney murine sarcoma virus long terminal repeat 
(LTR) promoter and enhancer regions?” and the 3’ polyadenylation signal derived from the HSV-1 tk gene. The MoMSV LTR-containing 
sequences consist of a 530-base pair (bp) EcoRI-Xbal fragment of cloned integrated MoMSV carrying 230 bp of mink sequences upstream 
of the remaining 300 bp of viral LTR sequences”, The Xbal site in the MoMSV LTR was converted to BamHI using molecular linkers. 
. Homer 6 also contains the 430-bp Hpall-HindIli fragment of SV40 spanning the origin of replication and carrying the ‘enhancer’ region and 
the packaging signal of phage A (A cos). Plasmids pHO6TI and pHO6T2 were obtained by inserting the 6.6-kb T24 Ha-ras-1 oncogene fragment 
into the BamHI site of Homer 6 and plasmids pHO6N1 and pHO6N2 by inserting the 6.4-kb normal Ha-ras-1 gene into the same site. Plasmids 
pHO6T2 and pHO6N2 contain the T24 and the normal Ha-ras-l genes in the same orientation as the aph gene and plasmids pHO6TI and 
pHO6N1 in the opposite orientation, Homer 5 differs from Homer 6 in that it contains the aph gene under the 5’ transcriptional control of 
the HSV-| tk gene instead of the MoMSV LTR. b, The construction of recombinant plasmids containing the normal or mutant Ha-ras-| genes, 
. the aph gene and a single MoMSV LTR enhancer. EcoRI fragments containing the T24 Ha-ras-1 gene (6.6 kb) or the normal Ha-ras-| gene 
(6.4 kb) were cleaved from plasmids pHO6T! or pHO6NI (see a) and isolated from low melting agarose gels. The fragments were ligated to 
phosphatase EcoRI-cleaved pAT153 and plasmids pATI and pANI isolated. Clal digestion followed by ligation removed a 1.0-kb fragment 
¿containing adjacent EcoRI and BamHI sites producing plasmids pAT! and pANI which contain single EcoRI sites. Ligation of the 2.9-kb 
EcoRI fragment containing the aph gene linked to the MoMSV LTR fragment (isolated from pHO6TI, see a) into the EcoRI sites of pAT1 
and’ pANI produced plasmids pATGM1!, pATGM2, pANGMI1 and pANGM)2. The maps are not drawn to scale; arrows represent the 
transcriptional orientation of the Ha-ras-| and aph genes. AP, alkaline phosphatase; B, BamHI; c, Clal; E, EcoRI. 






f the oncogenes contained in Harvey and Kirsten murine 
arcoma viruses (ras genes)’*. As NIH 3T3 cells are considered 
‘be an abnormal cell line, already rescued from senescence 
nd predisposed to completion, it has been suggested that ras 
ncogenes are second-step transforming genes or | ‘pro- 
ressogenes’'*'’, Several recent studies support this pro- 
posal'*°°, They suggest that the Ha-ras-1 oncogene from the 
‘human T24 bladder carcinoma cell line, which has:a substitution 
tamino acid position 12, could cause the malignant conversion 
f early passage rodent cells only if they are immortalized by 
‘chemical carcinogens, or when a second gene mediating rescue 
from senescence is'co-transferred. 
_ Here we show that these requirements can be eliminated. The 
24 oncogene alone can rescue low passage rodent cells from 
enescence and, if transferred to recipient cells in recombinant 
INA. constructions containing transcriptional enhancers, can 
so directly trigger low passage cells to convert to a fully 
morigeni¢: phenotype. Moreover, the normal ras proto- 
oncogene can also rescue low passage rodent cells from senes- 
nce when introduced into recipient cells in high expression 
ectars: 



















Transformation 


In order to introduce normal and mutant ras genes into low 
passage rodent. cells, the cloned oncogenes were linked to a 
dominant selectable marker. The marker used was the aminogly- 
coside phosphotransferase gene (aph) from bacterial transposon 
Tn 5, which confers on eukaryote cells resistance to the antibiotic 
geneticin (G418). BamHI fragments containing either the acti- 
vated or the normal Ha-ras-1 gene were introduced into the 
BamHI site of three different bacterial plasmids containing the 
aph gene (Fig. 1). Plasmids pAG60 and Homer 5 contain an 
aph gene under the transcriptional control of the herpes simplex 
virus thymidine kinase gene (HSV tk) while in Homer 6 the 5’ 
tk control sequences have been replaced. by those of Moloney 
murine sarcoma virus (MoMSV) which contain a transcriptional 
enhancer. Both Homer 5 and Homer 6.include a fragment 
containing the simian virus 40 (SV40) origin of replication, 
which also contains an enhancer. Thus, in the pAG series, no 
known transcriptional enhancers:are present, in the pHOS series 
one enhancer (from SV40) is present, while in the pHO6 series 
two enhancers (from SV40 and MoMSV) flank the inserted 














Table 1 Transfection of Chinese hamster and rat cells with aph recombinant plasmids 





No. geneticin-resistant 
colonies per flask 
(liquid medium) 


No. geneticin- 
resistant 
colonies 





No. geneticin-resistant 
colonies per flask 
(liquid medium) 


No. geneticin: 
resistant. 


rer inten colonies: 
Morpho- per plate Morpho- per plate 
Total logically (semi-solid Total - logically (semi-solid 
Recipient Donor No. transformed medium) Recipient Donor no. transformed medium) 
cells DNA av. ts.d. av.t6.d. (%) av.+s.d, cells DNA av. ts.d. av. s.d. (%) av tsd: 
CHL(F3)| pAG60 3.3 £2.0 0 0 Rat embryo pHO6T1 25%5,2 23 + 3.6 (9) 1529: 
pAGTI 9.0+4.3 0 0 pHO6T2 244.9 «2044.2 (95) 1445.9 
pAGNI 7343.8 0 0 pHO6NI 1844.5 0 0 
Homer 6 45412 0 0 Rat embryo 0 0 0 
pHO6T! 994.13 92+10 (95) 19417 
pHO6T2 89494  84£8.3(94) 71417 Rat musclet  pAG60 33221 K : 
pAGTI 4343.0 0 0. 
pHO6NI 80+ 13 0 0 H 6 46 £83 0 0 
pHO6N2 83412 0 0 omer ; 
Homer 5 38412 0 o pHO6TI 95411 90+ 6.7 (95) 1649.2 
pHOSTI 2847.3 25+6.5(89). 2546.8 R eine ee (96) oe 
pATGM1 73 8.0 69 +.7,0 (94) 65+ 16 a b 0 0 0 
pATGM2 62417 59+ 16 (95) 5616 t empryo 
pANGMI 60+ 12 0 0 Rat skint pAG60 3.3422 0 0 
pANGM2 = 67:14 0 0 pAGTI 3.8224 0 0 
Salmon 0 0 0 Homer 6 40 #15 0 Qi: 
pHO6Ti 8847.0 83 + 9.0.(94) 68413. 
Rat embryot pAG60 2.5413 0 0 pHO6T2 63214 59 + 13 (94) 6320 
ae pAGTI 1.0+0.8 0 0 pHO6N! 7049.3 0 Oo 
uae Homer 6 1744.7 0 0 Rat embryo 0 0 0 
*Transfe ection of. thit passage Chinese hamster lung cells CHL(F3) was carried out as follows: 100 ng of each superhelical plasmid DNA mixed with 10 ug salmo 


sperm DNA as carrier was co-precipitated with calcium phosphate in a volume of 0.5m! 


1?! amd added to 1x 10° recipient cells in.$ ml medium per 25cm? flask, 7 


later the medium was changed with 5ml non-selective medium (SF12; Flow) containing 15% Hyclone serum (Sterile Systems Inc.) and incubation was continue ; 


37°C for 24h. The medium was then changed to selective medium containing 15% Hyclone serum and 200 pg mi~’ 


geneticin (Gibco). Duplicate 25-cm? flasks wei 


trypsinized, the cells counted and 1 x 10° cells plated per 9-cm bacteriological plate in 20 ml, Methocel medium (SF12 containing 0.9% Methocel (Fluka), 30% Hycto 


serum and 200 pg ml™! 


geneticin). The medium of liquid cultures was changed every 2-3 days for up to 10 days, when colonies were examined and counted. usin 


inverted microscope. Foci consisting of predominantly highly refractile, pebble-shaped cells which contained occasional giant nuclei, and which grew in a disorier 
manner were classified as morphologically transformed: Colonies were picked using cloning rings and trypsin after removing the top of the flask with a heated scalps 
Colonies in Methocel-containing plates were counted 10 days post-plating and picked with Pasteur pipettes. The data are derived from the results of four to six fas 


or plates per donor DNA from two to three experiments. 


+ Transfection of second-passage rat (Wistar) cells was carried out as follows: 1 pg of each superhelical plasmid DNA mixed with 10 pg rat embryo DNA. as: carrie 
in 0.5 ml calcium phosphate DNA co-precipitate were added per 1 x 10° recipient cells (passage 2 at 1:4 split ratio) in 5 ml medium per 25-cm° flask. Selection 
geneticin-resistant colonies in liquid or semi-solid medium. was ‘carried out as described above. The results are dérived from four flasks per donor DNA. : 


fragments. We also constructed plasmids pANGM 1, pANGM2, 
pATGMI1 and pATGM2 containing the normal or the T24 
Ha-ras-1 genes and the aph gene with a single MoMSV enhan- 
cer, by inserting a 2.9-kilobase (kb) EcoRI fragment containing 
the enhancer and the aph gene into plasmids pATI and pANI 
(Fig. 1b). 

Recombinant DNAs were introduced into early passage 
rodent cells using the. calcium phosphate precipitation technique 
first described by Graham and Van der Eb*'. The ability of cells 
to take-up and stably express the exogenous DNA was deter- 
mined by measuring the number of geneticin-resistant colonies 
obtained with each cell type and donor DNA. The ability of 
donor DNA to rescue cells from senescence, regardless of mor- 
phology, was determined by isolating -geneticin-resistant 
colonies and passaging the cells in vitro. In the growth conditions 
used here, individual hamster clones and Wistar rat cells 
senesced after approximately 30 doublings.. (Cloned cells 
capable of in vitro passage for > 100 doublings were considered 
rescued from senescence.) Second-step transformation (comple- 
tion) was determined by the ability of the cells to grow in 
semi-solid media (anchorage independence). 

Table 1 shows the results obtained on the introduction of 
100 ng of recombinant DNA into passage 3 Chinese hamster 
lung cells (CHL(F3)). Geneticin-resistant colonies were 
obtained with all recombinant DNAs tested, but at different 
frequencies. As might be expected, plasmids containing known 
transcriptional enhancers produced more colonies than the pAG 
series which did not contain enhancers. Microscopic examin- 
ation of the geneticin-resistant colonies revealed a most striking 
result. Colonies obtained after transfection with plasmids con- 
taining the normal Ha-ras-1 gene or the T24 Ha-ras-1 gene with 
no known enhancers appearéd normal, with flat morphology, 
and: exhibited contact inhibition. However, >90% of the 
-colonies obtained with plasmids containing the T24 Ha-ras-1 


gene and either or both the SV40 and MoMSV enhancers con 
tained highly refractile, pebble-shaped cells which grew in a 
disoriented manner and were not contact-inhibited (Fig. 2A). 
Table 1 also shows the results when transfected cells were 
simultaneously selected for both geneticin-resistance an 
anchorage independence. Again, doubly selected colonies were 
obtained only after transfection with DNA containing the T2 
gene and at least one enhancer, at about the same frequency as 
the morphologically distinct geneticin-resistant colonie 
obtained in liquid medium. This suggests that the morphologica. 
changes are characteristic of the second or completing transfor. 
mation step, and it was confirmed. by showing that cells from. 
morphologically altered colonies plated with a high efficiency 
in semi-solid medium. 

These results were not confined to hamster cells. Table | al 
shows the transformation of early passage rat cells from. ra 
embryo and muscle and skin from 2-week-old Wistar rats. Th 
results obtained were very similar to those observed with 
CHL(F3) cells. Geneticin-resistant colonies were obtained wit! 
all recombinant DNAs and all types of recipient cells and again 
the presence of transcriptional enhancers increased th 
frequency of geneticin-resistant colonies. However, the 
frequency was at least 10 times lower than that obtained with 
CHL(F3) cells (the results shown for rat cells in Table 1 were 
obtained with 1 ug of recombinant DNA), confirmed by dose: 
response tests (data not shown). The frequencies obtained fol 
lowing transféction of low passage lung and kidney cells from 
2-week-old rats were even lower. Most importantly, morphologi 
cally altered cells and anchorage-independent colonies were 
obtained only after transfection with DNA containing the T24 
gene and enhancers. Typical morphological appearances of. 
normal cells and their transformed counterparts are shown’in 
Fig. 2B. Transformation with pHO6N1 resulted in a significan 
number of Betsucin resistant colonies in tiguid medium, but 














¿these were morphologically normal. Simultaneous selection for 
“geneticin resistance and growth in Methocel failed to yield any 
anchorage-independent colonies. Transfection with pAGTI 
‘resulted in a very low number of geneticin-resistant colonies 
“and no anchorage-independent cells. When cultures were trans- 
fected with pAGTI or pHO6TI and plated in Methocel in the 
‘absence of geneticin, numerous small anchorage-independent 
“golonies appeared which rapidly senesced (200 colonies per 10° 
‘cells for pAGTI and 2500 per 10° cells plated for pHO6TI). 
Transfection of 2 x 10° rat cells in liquid culture with 20 pg of 
plasmid pT24 (ref. 22), which contains the T24 oncogene without 
a biochemically selectable marker, followed by selection in low 
‘serum, resulted in the transient appearance of morphologically 
altered cells which subsequently senesced. 

In summary, in both the hamster and rat cells the presence 
of the mutant T24 ras gene and transcriptional enhancers corre- 
lates with our ability to isolate directly morphologically altered, 
-anchorage-independent cells with almost the same frequency as 
“geneticin-resistant cells. 


Phenotypic properties of cloned cells 


Individual geneticin-resistant colonies of Chinese hamster and 
rat cells were picked and propagated in vitro, The phenotypes 
of individual colonies were analysed by determining which cells 
were rescued from senescence, which showed striking morpho- 
logical changes and grew in semi-solid medium, and which 
induced tumours in nude mice (Table 2). 


Fig. 2 A, Normal and transformed Chinese hamster lung cells: a, CHL(F3); b, FAGT-2; c FHO6N1-1; d, FHO6TI-1 cells. B, Normal and 
transformed Wistar rat cells; a, second passage muscle cells; b, second passage skin cells; e, muscle cells transformed with pHO6N I; d, skin 
cells transformed with pHO6NI; e, muscle cells transformed with pHO6T1; f, skin cells transformed with pHO6TI. 











All of the geneticin-resistant colonies derived from vector 
plasmids pAG60 or Homer 6 (four out of four individual 
colonies tested in each case) senesced and were unable to form 
cell lines (Table 2). To test for tumorigenicity, 10-20 geneticin- 
resistant colonies from pAG60 or Homer 6 transfections were 
pooled to obtain sufficient cells, and inoculated into nude mice. 
No tumours were obtained. However, 7 out of 10 colonies tested 
from transfections on hamster cells with pAGTI, which contains 
the T24 gene but no known transcriptional enhancers, were 
rescued from senescence. These cells showed no striking 
morphological changes, were not anchorage independent and 
did not produce tumours in nude mice. In contrast, all of the 
tested geneticin-resistant colonies derived from pHOS5TI, 
pATGMI, pHO6T! and pHO6T2, in which the T24 gene is 
adjacent to either one or two enhancers, were morphologically 
altered, anchorage independent and produced tumours in nude 
mice. The tumours grew rapidly (the animals became moribund 
within 10 days) and on necropsy, metastatic infiltrations of other 
organs were observed in some cases. These results were repeated 
with Wistar rat cells transformed with pHO6T1 and pHO6T2 
and strikingly, the anchorage-independent cells induced rapidly 
growing progressive tumours in nude mice (Table 2) and 3-week- 
old Wistar rats (data not shown). Very few geneticin-resistant 
colonies were obtained with pAGTI and rat cells (see Table 1). 
Two such colonies were picked but failed to grow. 

None of the geneticin-resistant colonies obtained from ham- 
ster or rat cells after transfection with recombinants containing 
the normal Ha-ras-1 gene were anchorage independent or able 




































Table 2 Phenotypes of geneticin-resistant hamster and rat cells 








No. of Transfected Rescued from Morphologically Anchorage : 
Cells clones with senescence transformed independent Tumorigenicity 
Chinese hamster 
< CHL(F3) 5 ~ 0/5 0/5 0/5 0/1* 
FAG 4 pAG60 0/4 0/4 0/4 0/1* 
FHO6 4 Homer 6 0/4 0/4 0/4 0/1* 
FAGNI 2 pAGNI 0/2 0/2 0/2 0/1* 
FAGT! 10 pAGTI 7/10 0/10 0/10 0/2 
FHOGN1 10 pHO6NI 9/10 0/10 0/10 0/2 
FHO6T1 4 pHO6TI 4/4 4/4 4/4 2/2 
FHO6T2 4 pHO6T2 4/4 4/4 4/4 2/2 
FHOSTI 4 pHOSTI 4/4 4/4 4/4 2/2 
FATGM 1 4 pATGMI 4/4 4/4 4/4 2/2 
FATGM2 4 pATGM2 4/4 4/4 4/4 2/2 
Rat 
Muscle 4 — 0/4 0/4 0/4 0/1* 
Skin 4 _ 0/4 0/4 0/4 0/1* 
RMHO6 4 Homer 6 0/4 0/4 0/4 0/1* 
RSKHO6 4 Homer 6 0/4 0/4 0/4 O/T. 
RMHO6N1 4 pHO6N1 4/4 0/4 0/4 0/2: 
RSKHOG6N1 4 pHO6N1 3/4 0/4 0/4 0/200 
Fi ; 4 pHOSTI 4/4 4/4 4/4 IER 
© RSKHO6TI . 4 pHOG6T!I 4/4 4/4 4/4 2720.5 
<o RMHO6T2. 4 pHO6T2 4/4 4/4 4/4 Woe: 
» RSKHO6T2 4 pHO6T2 4/4 4/4 4/4 Wt 
hme ace re mete nied nnn incerta EN AAE oneness oa N 


‘Individual colonies from the experiments shown in 1 Table | were picked as described in Table 1 legend and propagated in SF12 liquid mediu 
containing 15% Hyclone serum and 200 pg ml! geneticin. Cells which grew for more than 100 cell doublings were classified as rescued fra) 
senescence, The classification of morphologically altered cells is described in Table 1 and Fig. 2 legends:and anchorage independence was classifi 
by a plating efficiency of >20% in the semi-solid medium: described in Table 1. Tumorigenicity was tested by inoculating | x 10° cells subcutaneotis' y 
into four or five l-month-old nude mice. With tumorigenic cells lines, experimentally induced tumours appeared within | week in all inoculated 
animals, whereas no tumours were detected up to 2 months after inoculation of non-tumorigenic cells. : 

* In these cases insufficient numbers of cells from individual colonies were obtained for the tumorigehicity tests because the Cells senesced: 
obtain sufficient numbers the cells from 10-20 colonies were pooled and propagated for a limited number of passages before testing. 


to produce tumours in experimental animals. However, a high 
proportion of the hamster colonies produced by pHO6N1 (9 
out of 10) and pANGMI (4 out of 4), where the normal gene 
is flanked by enhancers, were rescued from senescence and grew 
into established cell lines. The same was true for rat muscle or 
skin cells transformed with pHO6N1. Four out of four muscle 
and'three out of four skin cell foci grew into established lines. 
Inno case did we observe any obvious ‘crisis’ during the immor- 
talization process. Geneticin-resistant colonies. derived from 
transfections with pAGNI or pAGN2, which contain no known 
enhancers, were very difficult to propagate. Only two colonies 
grew in vitro and both senesced after about 20 doublings. 


Malignant conversion 


FAGT1-2 and -FHO6NI-! are immortalized Chinese hamster 
cell lines obtained by transfection of CHL(F3) cells with recom- 
binants pAGTI and pHO6N1, respectively. These cells have a 
near normal morphology (see Fig. 2A), are contact-inhibited, 
anchorage dependent and are not tumorigenic (see Table 2). 
However, they have a ~ 107’ frequency of spontaneous transfor- 
mation to anchorage independence, detected by plating in semi- 
solid media, and these achorage-independent cells are 
tumorigenic (data not shown). 

Table 3 shows the ability of various recombinants to convert 
these two lines to an anchorage-independent phenotype. As 
expected from the previous results, pHO6TI can readily trans- 
form FAGTI-2 and FHO6NI-I cells to anchorage indepen- 
dence. However, the frequencies obtained (7.6107 to 1.7 x 
107°) are much higher than that obtained with primary cells 
(~8x107°, Table 1). Transfection with R157, a clone which 
contains the adenovirus-2 Ela gene, also produces anchorage- 
independent colonies with both cell lines, although at a lower 
frequency. The RIS clone had no detectable effect on the 
anchorage. independence. of CHL(F3) cells (data not shown). © 


Plasmid pHO6N1, containing the normal gene in the presen 
of enhancers, also transformed both cell lines, as did pAGT! 
containing the T24 gene with no enhancers. Thus, immortalize 
cells could be transformed to anchorage independence using 
the same donor plasmid. as in the original immortalization ste] 
Because no anchorage-independent cells could be obtained: by 
transfection of 2 x 10° CHL(F3). cells with up to 20 pg of the 
donor DNAs, we suggest that this represents a qualitative change 
in immortalized cells. Thatis, the immortalization process results 
in qualitative changes to the cells which renders them mo 
senstive to further transformation even with the same gene 
construction. Presumably, conversion to anchorage indepe 
dence with the same. gene construction reflects a quantitative 
increase in the expression of that gene in the already immortal- 
ized cells. No further transformation of FAGTI-2 cells w 
obtained using pAGNI, which contained the normal gene with 
no enhancers, suggesting that conversion to anchorage indepen- 
dence requires either the mutation of the T24 gene or enhan 
expression of the normal Ha-ras-1 gene. As Homer 6 produce 
no measurable increase in the frequency of anchorage-indepe 
dent colonies, we assume that the enhancers in pHO6N] act in 
a cis rather than a trans manner, probably at the level of 
transcription. 

Combining the above results, we suggest that the transforming 
potential of the Ha-ras-1 gene is modulated at the level of 
transcription as well as mutation. In the absence of enhancers 
the mutant T24 gene can rescue cells from senescence, but cannot 
transform them to a tumorigenic phenotype. In the presence: of 
enhancers acting in cis, the gene directly triggers events which 
result in a tumorigenic phenotype. A similar effect is observed, 
with the normal Ha-ras-i. In the absence of enhancers, no rescu 
from senescence or complete transformation is obtained. In the 
presence of enhancers the normal gene is capable of rescuing 
cells from senescence. Apparently, both transcriptional activa- 
tion and mutation are required to trigger tumorigenic conversion. 








xpression of human Ha-ras-1 
election of geneticin-resistant colonies after transfection with 

recombinant DNA ensures that all selected cells contain donor 

DNA. This was confirmed by Southern blot analysis (data not 

shown) which showed the presence of one to five copies of 

donor DNA, in some cases as full-length copies, in other cases 
dividually integrated into host or carrier DNA. 

The level of Ha-ras-1-specific transcripts in transformed cells 

as analysed by Northern blot and dot-blot analyses, using the 
6.6-kb BamHI fragment of the cloned T24 gene as a hybridiz- 
ation probe. The expected 1.2-kb Ha-ras-l-specific RNA was 
detected in most transformed cells. Much higher levels of the 

2-kb RNA were detected in cells transformed with pHO6TI, 

yntaining two enhancers, than in two cell lines obtained with 

AGTI, which contains no known enhancers. Moreover, when 
the pHO6TI and pHO6T2 transformed cells were passaged in 
nude mice, the resultant tumour cells also contained high levels 
of the ras transcript (data not shown). 

The results were confirmed by dot- hybridization tests (Fig. 
3). Cells transformed with recombinants containing the T24 
gene and no known enhancers (FAGTI-1 and FAGTI-2) con- 
‘ined relatively low amounts of Ha-ras-|l-specific RNA (even 
lower than the human T24 bladder carcinoma cell line). In 
ontrast, much higher levels of Ha-ras-l-specific RNA were 

and in cells transformed with recombinants which contained 
either the normal or mutant T24 genes plus known enhancers 

FHO6NI-1, FHO6N2-1, FHOSTI-1, FHOSTI-2, FHO6TI-1 

nd FHO6T2-1). From Fig. 3 it can be estimated that these cells 
contained 20-60 times as much RNA as FAGTI-1 or FAGTI-2. 
Again, the high transcription level was maintained in tumour 

ells produced by passage in nude mice (FHO6TI-ITI and 
FHO6T2-2T1). Similar results were obtained with transformed 
fat cells (data not shown). 





Karyotypic analysis 
Morphologically altered geneticin-resistant hamster and rat 
colonies were picked and the karyotypes analysed after 15-20 
cell doublings. All of the transformed lines were subsequently 
shown to have a tumorigenic phenotype. As expected, the ham- 
ster CHL(F3) cells and the normal Wistar rat skin and muscle 
cells had a normal modal chromosome number (22 and 42, 
respectively). Three out of four tumorigenic hamster cells, iso- 
dated after transfection with pHO6TI or pHO6T2, contained a 
ear normal modal distribution, while the other was almost 
tetraploid. In contrast the transformed rat skin and muscle cells 
‘exhibited marked aneuploidy. On further passage the proportion 
of cells with a near normal number of chromosomes decreased 
nd eventually most cells became heteroploid. These results 
“suggest that the transformed cells were chromosomally abnor- 
-mal. When, to investigate this in more detail, the banding pat- 
terns of the transformed hamster cells were determined, in each 
ase a distinctive karyotype different from CHL(F3) cells was 
btained and the presence of marker chromosomes noted 
D.A.S., M. Freshney, R. Balfour and N.M.W., unpublished 
esults). 


Discussion 


We have demonstrated here the potential for a single mutated 
uman oncogene, the Ha-ras-! from the T24 bladder carcinoma 
ne, to trigger both step | (rescue from senescence) and step 2 

(tumorigenic conversion) transformation of early passage rodent 
ells. Furthermore, we show that the ‘normal’ Ha-ras-1 proto- 

-oficogene can rescue early passage cells from senescence. This 

transforming ability of the proto-oncogene, and the ability of 

the T24 gene to cause tumorigenic conversion, depends on the 
presence in the vector DNA of transcription enhancers. We 
uggest. that the increased transforming potential of the two 

“genes results from increased expression of the p21 proteins. 

Strong support for this suggestion comes from the experiments 

of Table 3, which show that the enhancer effect is in cis and 





Table 3 Transformation of immortalized Chinese hamster lung cells | 
to anchorage independence 





Colonies per 


plate per pg 

DNA per 10° 
Recipient Immortalized Donor cells* 

cells with DNA (av. tsd} 

FAGTI-2 pAGT! pHO6T1 139 +30 
FAGTI-2 pAGTI RIS 2211 
FAGTI-2 pAGTI pHO6N! 80419 
FAGTI-2 pAGTI pAGTI 9+6.2 
FAGTI-2 pAGTI pAGNI 0 
FAGTI-2 pAGTI Homer 6 0 
FAGTI-2 pAGTI Salmon 0 
FHOG6NI-I pHOGNI pHO6T! 92 +16 
FHO6N 1-1 pHO6NI RIS 1348.5 
FHO6NI-1 pHO6NI pHO6NI 50416 
FHO6N1-1 pHO6N! pAGTI 1646.5 
FROGN 1-1 pHO6N1 Homer 6 0 
FROONI-1 = pHO6NI Salmon 0 





FAGTI-2 and FHO6NI-1 are cells rescued from senescence after 
transfection of CHL(F3) with plasmids pAGTI and pHO6N1, respec- 
tively (see also Table 2). 

* | ug of each superhelical plasmid DNA mixed with 10 ug salmon 
sperm DNA as carrier in 0.5 mi calcium phosphate DNA co- precipitate 
were added per | x 10° recipient cells in 5 ml medium per 25-cm? flask. 
24h later the medium was changed with 5 ml non-selective medium and 
incubation continued at 37°C for 24h. Cells were then trypsinized, 
counted and plated at 10-fold dilutions in 20 ml Methocel-containing 
medium per 9-cm plate in the presence of 200ug ml”! geneticin: 
Colonies were counted 8 days post-plating. The data are derived from 
the results of six plates per donor DNA from two experiments. 


not in trans, and from those of Fig. 3, which show increased 
levels of Ha-ras-| transcripts in cells transformed with enhancer- 
containing DNA. 

These results are consistent with recent reports which show 
that the T24 gene readily transforms already immortalized 
Chinese hamster cells” and rat cells'*, as well as the standard 
NIH 3T3 cell line”. However, our data depart from recent 
claims that the T24 gene will only cause tumorigenic conversion 
of primary cells in combination with either the adenovirus Ela 
gene or the avian v-myc gene'®!?, While we agree that in the 
absence of enhancers the T24 gene may require transformation 
with other oncogenes to induce focus formation and tumorigen- 
icity, our results clearly show that the T24 gene when linked to 
enhancers is able to trigger tumorigenic conversion on its own. 
We suggest that these differences reflect the levels of expression 
of the mutant T24 gene: at a low level of expression the presence 
of an additional gene is required; at high levels of expression 
the T24 gene alone suffices. Our recent data suggest that similar 
results can be obtained for the mutant N-ras gene” cloned from 
the HT1080 human fibrosarcoma cell line (unpublished results). 
It is therefore important to distinguish between quantitative and 
qualitative effects in attempting to define the effect of oncogenes 
in in vitro transformation systems. 

Our inability to induce morphologically altered foci in liquid 
culture by transfection of early passage cells with the T24 gene 
in the absence of enhancers is consistent with the data of Ruley’” 
and Newbold and Overall?’ with early passage rat and Syrian 
hamster cells. However, like Newbold and Overall’ and Land 
et al'*, we did observe anchorage-independent colonies which 
senesced, in the absence of geneticin selection. We believe that 
these apparently. discrepant results can be explained by the 
transient expression and release of transforming growth factors 
(TGFs) in cultures transfected with ras genes (I. B. Pragnell, 
N.M.W. and D.A.S., unpublished results). These TGFs 
efficiently induce anchorage-independent phenotypes in already 
immortalized cells and we see no reason that they should not 
do the same in early passage cells, albeit at a lower frequency. 
In the presence of geneticin, these indirectly stimulated cells. 


















 CHL(F3) 
FAGTI -1 
FAGTI -2 
FHO6NI -1 
FHOGN2-1 
FHOGTI -1 
FHO6T2-1 
FHO6T1-1T1 
FHO6T2-IT1 
FHOSTI-1 
FHOSTI-2 





Fig. 3 An autoradiograph showing RNA  spot-hybridization 
analysis of Ha-ras-] transcripts present in recipient CHL(F3) and 
transformed with pAGTI (FAGTI-I, FAGT1-2), pHO6NI1 
(FHO6NI-1) pHO6N2 (FHO6N2-1), pHO6T1  (FHOS6T!-1), 
pHO6T2 (FHO6T2-1), pHOST! (FHOSTI-1, FHOST1-2), tumours 
induced in nude mice by FHO6TI-1 (FHO6TI-1T1) or FHO6T2-1 
(FHOT2-1T1) and the T24 human bladder carcinoma cell lines. 
“Total cell RNA extracted from cells as previously described** and 
twofold: serial dilutions of 10 pg down to 0.078 pg were spotted 
“onto nitrocellulosé**, The **P-labelled 6.6-kb BamHI fragment 
carrying the T24 oncogene was used as a probe. 


would not grow, and only cells containing activated ras genes 
stably expressing at high levels would form colonies. 

While it is clear that the T24 gene in the absence of enhancers 
can immortalize CHL(F3) cells, the only two rat colonies we 
tested after transfection with this gene, rapidly senesced. Further 
experiments on a larger scale are required to determine if there 
is a qualitative difference between CHL(F3) cells and rat cells 
in this respect, apart from the quantitative differences in transfor- 
mation frequencies observed between the two systems. Nonethe- 
less, transfer of the normal Ha-ras-1 proto-oncogene in the 
presence of enhancers leads to immortalization of both CHL( F3) 
cells and Wistar rat cells. All eight rat cell geneticin-resistant 
colonies obtained with vectors pAG60 or Homer 6 and tested 
independently, senesced and failed to form established cell lines. 
After transfer of pHO6N1, 9 out of 10 CHL(F3) colonies and 
7 out of 8 rat cell colonies grew into established cell lines. 

It is of considerable interest that CHL(F3) cells immortalized 
with either the T24 gene without enhancers or the normal 
Ha-ras-1 gene in the presence of énhancers, can be converted 
to anchorage-independent cells with the same gene construction 
as used in the immortalization step (see Table 3). We interpret 
this to mean that unknown qualitative changes accumulate in 
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immortalized cells which render them very sensitive to furthe: 
tumorigenic conversion, as anchorage-independent conversion 
of primary cells cannot be achieved even with large amounts.o 
the same donor DNA. Interestingly, the adenovirus Ela gene. 
behaves as a second-step conversion gene in immortalized. 
Chinese hamster cells (Table 3), although it is usually considere 
to be an ‘immortalization’ gene'*. Similarly, in our hand 
Ha-ras-| can behave as an immortalization gene, although iti 
usually considered to be a late step or conversion gene ™ 
These results are consistent with those of Blair et al.° and Chani 
et al’, who showed the proto-oncogenes c-mos and Ha-ra 

to have second-step transformation activity in NIH 3T3 fibrob. 
lasts when activated by transcriptional enhancers. Thus, a proto 
oncogene and the equivalent activated oncogene can have bot 
step 1 and step 2 transforming potential, depending on the ass 
system chosen. 

It is of interest to attempt to relate our findings to. in v 
carcinogenesis. Although there are few detailed reports on th 
expression of ras genes in pre-malignant lesions in vivo, we not 
that chemically induced benign papillomas of mouse skin con 
tain a cellular Ha-ras gene which is active in transfection assay: 
and gives rise to elevated transcript levels’. Moreover, pre 
malignant polyps of the human colon as well as adenocar 
cinomas have greatly elevated levels of ras-related transcri 
compared with normal colonic mucosa”. In the latter case it i 
not known whether transcription is from a mutant, activates 
gene, but the experiments provide support for the notion tha 
ras genes may participate in early stages of the in vivo: ca 
cinogenic process, perhaps even in the establishment phase. 

The mechanisms by which ras gene products effect transf 
mation in vitro and in vivo are not understood. We emphasiz 
that although our results suggest a quantitative aspect to in vitr 
transformation by the ras oncogene, they are completely con 
sistent with multi-step models of carcinogenesis. Severa 
events are required to reveal the most active transforming poten: 
tial of Ha-ras-1 oncogenes. Although activated Ha-ras-1 cal 
trigger the complete tumorigenic conversion of very earl 
passage rodent cells in vitro, it seems likely that if simila 
mutational and transcriptional activation occurs in vivo, as ye 
unknown changes in other cellular genes may be necessary 
before the fully malignant cell emerges. 
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An infectious retrovirus vector has been used to transfer a bacterial gene encoding resistance to the neomycin analogue 
G418 into pluripotent haematopoietic stem cells present in explanted murine bone marrow tissue. Subsequent transplantation 
of the cells into lethally irradiated mice results in engraftment of the animals with donor haematopoietic tissue containing 
the bacterial gene. This approach affords an efficient and rapid means of re-introducing genetically modified tissue into 
intact organisms and provides a system whereby the expression and regulation of cloned genes can be followed within the 


ntext of a well characterized developmental programme. 





THE introduction of genes into murine haematopoietic tissue 
offers many of the advantages of both the in vitro! and in vivo? 
gene transfer systems currently available. Haematopoiesis in the 
mouse is a unique developmental programme involving well 
characterized cell lineages comprising pluripotent stem cells, 
progenitor cells and mature end cells®’. A variety of in vitro 
and in vivo assays exist for identifying members of the 
haematopoietic lineages 10 and syngeneic bone marrow trans- 
offers unique opportunities for re-introducing 
functional bone marrow tissue into mice after various in vitro 
manipulations. 

kh would be particularly useful to be able to introduce genes 
into the pluripotent haematopoietic stem cells (CFU-S)!' which 
give rise to all blood tissues’. However, because CFU-S is a 
very minor component of mouse bone marrow (0.01% )'' that 
has not been defined morphologically, and because of the 
inefficiency of standard gene transfer methods, this has not been 
easy'*'*_ Here we describe the successful use of retrovirus vec- 
tors'*'® to transfer new genes efficiently into haematopoietic 
stem cells, and the use of bone marrow transplantation to engraft 
mice with the genetically modified haematopoietic cells. 


General strategy 


It-is theoretically possible with highly transmissible retrovirus 
vectors to introduce genes into 100% of recipient bone marrow 

lls. Accordingly, in one of our protocols, freshly explanted 
bone marrow tissue is simply infected with recombinant virus 
and subsequently used to transplant lethally irradiated 
recipients. Alternatively, bone marrow cells cultured in condi- 
tions in which active CFU-S cell division is known to occur'”!* 
are used as recipients for gene transfer. Successful gene transfer 
js monitored by Southern blot analysis of genomic DNA extrac- 
ted from spleen, a major site of haematopoiesis in the trans- 
planted animal (Fig. 1). Evidence for successful infection of 
CFU-S can be obtained from analysis of spleen DNA (because 
cells in the spleen are derived almost exclusively from donor 
CFU-S'’) and from serial transplantation of infected single 
12-14-day | colonies derived from CFU-S into secondary 
recipients”? 


Infection and transplantation 


one marrow cells were infected in vitro using the two methods 
described above. The source of virus for these experiments was 
cell line termed #2 MSV DHFR-NEO (C. Cepko and R.C.M., 
unpublished), chosen principally because it produces unusually 
high titres of virus (> 10’ colony-forming units (CFU) per ml) 
free of wild-type virus. Pure stocks of infectious recombinant 
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virus were derived from a specialized cell line, termed Psi-2 
(2), capable of generating infectious recombinant virus yet 
deficient in the ability to produce any detectable wild-type 
virus*', Figure 2 shows the structure of the MSV dhfr—neo 
genome. Briefly, the genome is derived from a Moloney murine 
sarcoma virus genome and contains substitutions of viral 
sequences with both a mouse cDNA sequence encoding dihy- 
drofolate reductase (DHFR}* and a DNA segment derived 
from the transposon Tns which encodes neomycin resistance 
in bacteria and G418 resistance in mammalian cells”* (see Fig. 
2 legend for details of structure). i 

The first method of infection involved 48 h co-cultivation of 
bone marrow cells from C3H/HeJ male mice with 42 
MSV DHFR-NEO, followed by intravenous (i.v.) injection of 
the non-adherent cells (50 CFU-S per mouse) into lethally irradi- 
ated syngeneic recipients. With the dose used to irradiate 
recipients, no endogenous spleen colonies were produced in 
recipients not given donor cells and all such animals died from 
bone marrow aplasia at 10-14 days post-irradiation. In the 
second method, bone marrow cells from CD-1 female mice were 
flushed into flasks containing a monolayer of ¢2 MSV DHFR- 
NEO and cultured in conditions originally described by Dexter” 
and modified by Mauch er al.'*. After 6 days in culture, the 
non-adherent cells were collected and injected i.v. into lethally 
irradiated syngeneic recipients (200 CFU-S per mouse). The 
frequency of CFU-S was monitored after both infection methods 
and found to be I-10 CFU-S per 10° bone marrow cells (~20% 
of the frequency in freshly explanted marrow). Animals trans- 
planted with appropriate numbers of cells (>50 CFU-S per 
mouse) have remained alive and healthy 4 months post-trans- 
plantation. Cells from regenerating spleens of transplanted 
animals were able to form 5~20  stanulocyte-macrophage (CFU- 
GM) colonies in vitro per 10° cells; 1-2 burst-forming units- 
erythroid (BFU-E) colonies in vitro per 10° cells gave rise to 
12~14-day spleen colonies in lethally irradiated secondary 
recipients (CFU-S) and differentiated into multiple haema- 
topoietic lineages in vivo (see below). 


Efficiency of transformation 


As the spleen is a major site of haematopoiesis in the trans- 
planted mouse, and is repopulated exclusively with donor CFU- 
S and more differentiated cell types derived from these trans- 
planted CFU-S, we examined spleen DNA for the existence of 
recombinant viral genomes. Splenectomies were performed on 
mice 10-14 days after transplantation and the cells obtained 
were used to prepare high molecular weight DNA as described 
in Fig. 3 legend. The DNA was cleaved with Sacl, an enzyme ` 
that cuts once within the long terminal repeats (LTRs) of. the- 








recombinant genome, thus excising the integrated provirus 
(Fig. 2). Electrophoretically fractionated DNA was blotted and 
the nitrocellulose probed for neo-pBR hybridizing sequences 
by the method of Southern’. Figure 3 shows that the expected 
3.8-kilobase (kb) neo hybridizing fragment is present in all mice 
transplanted with bone marrow cells infected by either 48h 
co-cultivation of 6 days’ co-cultivation with the modified Dexter 
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Fig. 1 General strategy for infection of bone marrow cells and 
transplantation into mice of =50 (a) and t-10 (b) CFU-S for 
transplant and single-colony isolation, respectively. 
Methods: The first method of infection involved the isolation of 
bone marrow. cells from 8-12-week-old male C3H/HeJ (Jackson 
Laboratories) hind limbs, The tibiae and fibulae were flushed with 
Smi of -a-media (Gibco) containing 10% calf serum. (Gibco), 
penicillin (100 U ml”) and streptomycin (100 pg mi™') and single- 
cell suspensions were made by triturating several times with a 5-ml 
pipette. 5 x 10° bone marrow cells were placed on a monolayer of 
W2 MSV DHFR-NEO producer cells seeded at 1 x 10® cells per 
100-cm? tissue culture dish, in a-media containing Polybrene 
(2 pg mi™ ; Aldrich). These dishes were incubated for 48 h at 37 °C 
in a 5% CO, atmosphere. The non-adherent cells were then collec- 
ted, counted and 1 x 10°-5 x 10° cells containing 50 CFU-S were 
injected i.v. into lethally irradiated 8-12-week old syngeneic mice 
(1,100 rad, Cs source in two split doses at 107 rad min™!), In the 
second method of infection, the contents of one 8~12-week-old 
female CD-1 (Charles River) hind limb were flushed into a flask 
(Falcon 25cm? surface area) using Fischer’s modified mouse 
leukaemic cell media (Gibco) containing 20% horse serum 
(Gibco), 107° M hydrocortisone (MSD), penicillin (100 U m7), 
streptomycin (100pgml"') and Polybrene (2pgml™'). A 
monolayer of Y2 MSV DHFR-NEO had been established (5 x 10° 
cells per flask) in the flask 24 h before charging with bone marrow. 
The mixture of bone marrow and virus-producing cells was incu- 
bated at 33°C, 7% CO, for 6 days, The non-adherent cells were 
collected, counted and 3 x 106-1 x 10’ cells containing 200 CFU-S 
were injected i.v. into lethally irradiated CD-1 recipients (1,050 rad, 
Cs source in two split doses at 107 rad min™'). a, Beginning at 
10. days post-injection, haematopoietic cells were collected from 
the spleens of recipient mice by stripping the capsule free of all 
colonies in minimal essential medium (a- media). Single-cell sus- 
pensions were made and the cells counted and used to prepare 
DNA. b, Single-colony transfers were accomplished by injection 
of low numbers of cells (1-10 CFU-S) into lethally irradiated 
recipients. This procedure produced discrete haematopoietic 
spleen colonies in the recipient mice. At 12-14 days post-trans- 
plantation, the colonies were dissected under a microscope, coun- 
ted and one-half of the cells were injected into a second lethally 
irradiated syngeneic mouse (see Fig. 5 legend). The remaining cells 
„froni the colony were used to prepare high molecular weight DNA. 















































culture, and that 10-25% of the haematopoietic cells from 
regenerating spleen bear the neo-pBR hybridizing fragment, 
assuming a single integration site per infected cell. Thus,.th 
recombinant genome is transferred intact to a significant fraction 
of donor haematopoietic cells. 

To investigate the number of distinct sites of integration, 
which depends in part on the number of different stem cells 
infected, the same DNA samples were cleaved with Ahalll, a 
enzyme that does not cut the proviral genome, and probed with 
the labelled neo-pBR sequences. Each hybridizing band rep- 
resents a unique integration site. Figure 4 indicates the presence 
of multiple sites of integration, although the number varies 
considerably. Of particular interest is the variation in intensity 
of different hybridizing bands, which may reflect either t 
inherent variability in CFU-S colony size or the derivation of 
multiple CFU-S colonies from an initially infected CFU-S wi 
high self-renewal capacity (see below). The appearance of 
multiple spleen colonies derived from the same CFU-S has, in 
fact, been reported previously”®. Furthermore, the number of 
integration sites observed seems to vary qualitatively between 
experiments (Fig. 4, compare lanes 1-3 with 4-6), even though 
the same infection protocol was used each time. (OO 

To determine the efficiency of gene transfer into CFU-S mo 
directly, we examined DNA extracted from isolated single CF 
S colonies for the presence of neo-pBR hybridizing sequence 
(Fig. 1b). Lethally irradiated recipients were injected with sm: 
numbers of infected bone marrow cells (~ 1-10 CFU-S) togene 
ate discrete macroscopically visible CFU-S colonies in the splee 
14 days post-transplantation. Twenty individual colonies. from 
five mice were dissected under a microscope and the resulting 
cells resuspended and counted. High molecular weight DNA 
was prepared from half the cells and analysed for the presence 
of the recombinant genomes. Southern blot analysis indicated 
that at least four of the colonies examined were neo-pBR: 
positive (data not shown). Interestingly, this analysis also indi 
cated that most of the neo-pBR-positive CFU-S colonies con: 
tained multiple sites of integration, suggesting that CFU-S cell 
can be efficiently infected. 


Serial transplantation 


To demonstrate. self-renewal in the infected CFU-S, 
performed serial transplantations of single CFU-S colonie 
obtained after a primary transplant. Transplantation of cell 
from aneo-pBR-positive CFU-S should result in haematopoiesi 
in a secondary recipient and the haematopoietic tissue should 
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Fig.2 Structure of the MSV DHFR-NEO genome. The derivation © 
of the Moloney MSV vector backbone has been described in detail: 
elsewhere’, Briefly, the sequences of the Moloney murine sarcoma 
virus genome that have been retained in the vector include the 
LTRs, sequences involved in the reverse transcription process and’. 
sequences necessary. for the efficient encapsidation of the viral., 
genome?! (designated w). The 5' splice site used in the generation | 
of Moloney MLV env message is designated 5'ss. The retroviral 
gag—pol sequences have been replaced by a wild-type mouse cDNA K 
encoding dihydrofolate reductase”. Because the Moloney MSV 
genome lacks the 3’ss signals necessary for generation of spliced: 
env transcripts, sequences encoding the splicing signal have been 
re-introduced into the vector as shown. Adjacent to a 1.4-kb DNA 
fragment encoding neomycin and G418 resistance in bacterial and 
mammalian. cells, respectively”? (labelled neo), there is a small 
FnuDI fragment of pBR322 encoding the plasmid origin of repli- 
cation. The total size of the MSV DHFR NEO genome is 5.1 kb. 
Restriction endonuclease cleavage sites are as shown. AhallI does 
not cleave the recombinant viral genome. The 2 line harbouring. 
the genome produces a titre of > 10’ G418-resistant colonies per 
ml of culture fluid on 3T3 cells. The recombinant genome that is. 
transmitted contains.a deletion of a majority of DHFR sequences 
(C: Cepko, unpublished). : 
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Fig. 3. Detection of recombinant proviral sequences in the DNA 
of transplanted haematopoietic cells. Spleen DNA was isolated 
from transplanted mice 10-14 days post-injection by detergent 
’ lysis, proteinase-K digestion and exhaustive extraction with 
phenol/chloroform. The resultant DNA was concentrated by 
ethanol precipitation and rehydrated in Tris-EDTA buffer or 
alternatively by extraction with butanol followed by dialysis into 
buffer. Restriction digests were performed using conditions 
specified by the manufacturer. Usually, 20 wg of cellular DNA 
were digested with a severalfold excess of endonuclease. Comple- 
tion of each digestion was monitored by removing 10% of the 
reaction volume (after addition of enzyme) and adding it to 0.5—- 
1.0 ug of bacteriophage A DNA. Following parallel incubation, 
the reactions containing phage DNA were analysed electrophoreti- 
cally for the spectrum of DNA fragments diagnostic of complete 
cleavage with a particular restriction enzyme. The large reactions, 
judged to be complete, were fractionated on agarose gels and 
transferred to nitrocellulose by the method of Southern*>. The 
: transferred spleen DNA digests were probed for the presence of 
neo-pBR hybridizing sequences by hybridization with a *?P- 
labelled DNA fragment as previously described*®, The probe 
encompassed sequences from the BglII site near the 5’ end of the 
neo gene to the Xhol site flanking the 3’ border of the pBR322 
replication origin (see Fig. 2). Efficiency of marrow infection with 
the recombinant virus was estimated by inclusion of quantities of 
the DHFR-NEO plasmid DNA calculated to represent approxi- 
mately 0.1 and 0.25 copies of neo sequence per genome within 
each blot. Spleen DNA samples were digested with Sacl. This 
enzyme cleaves once in the LTRs flanking the inserted proviral 
sequence, thus excising a 3.8-kb proviral DNA fragment (see Fig. 
2). Lane C represents a negative control spleen DNA obtained 
from transplantation of marrow co-cultivated with 42 cells har- 
bouring no recombinant genome. Spleen DNAs derived from two 
separate 48-h co-cultivations of fresh bone marrow with the y2 
DHFR-NEO producer cell line are shown in lanes 1~6. Lanes 7-10 
are spleen DNAs derived from marrow co-cultivated for 6 days in 
Dexter-like conditions. Two separate experiments (lanes 7, 8 and 
9, 10) are shown. The larger 5.6-kb hybridizing fragment in the 
reconstruction lanes is due to the presence of the pBR32? replica- 
tion origin in the labelled probe and the presence of a plasmid 
backbone in the DNA used for the copy number standards. 


harbour the proviral sequences. X-ray irradiation-induced cyto- 
logical markers have previously shown the clonality of 
individual CFU-S colonies”. In the present studies, the gener- 
ation of distinct proviral integration sites resulting from the 
infection of CFU-S provides a means of directly tracking the 
„fate of the stem cells by Southern blot analysis. 

< To examine the self-renewal capacity of the four colonies 
found to harbour the recombinant genome, cells from three of 
the colonies were injected into secondary lethally irradiated 
recipients as described above. Inspection of the recipient spleens 
14 days later showed that two of the three recipients had been 
engrafted with 8-10 CFU-S; the remaining recipient spleen 
-Contained no colonies. DNA was prepared from the spleen and 
bone marrow of all three mice and, along with DNA from the 
_ original colonies used for the transplantation, was cleaved with 
_EcoRI and blotted to nitrocellulose. The blot was probed with 
_neo-pBR sequences. EcoRI was used rather than Ahalll so as 
to generate a band pattern more diagnostic of a particular 


























































Fig.4 Integration patterns of transplanted haematopoietic tissue. 
Lanes !-6, digests of spleen DNA from the 48-h co-cultivation 
experiments; lanes 7-10, the proviral integration patterns resulting 
from 6-day co-cultivation experiments. Because of the low level 
of gene transfer in these latter experiments, prominent patterns 
are only observed within lanes 7 and 8. Other experiments reveal 
similar integrated proviral genomes in the DNAs represented in 
lanes 9 and 10 (data not shown). The DNA samples shown in Fig. 
3 were digested with Ahalll, which does not cleave within the 
proviral sequences, and probed with the same fragment described 
in Fig. 3. Each neo hybridizing DNA fragment visible in an Ahal 
digest blot constitutes a separate proviral integrant. All DNA 
samples are in the same order in this blot as in Fig. 3. 


integration site (see Fig. 2). Figure 5 shows that haematopoietic 
cells (from both bone marrow and spleen colonies) from the 
two secondary recipients showing evidence of engraftment con- 
tained the same pattern of proviral integration as was found in 
the original primary colony used for the secondary transplant. 
Interestingly, the pattern of integration in both recipients was 
also identical, indicating that both donor colonies were probably 
derived from the same initially infected CFU-S. The presence 
of three hybridizing bands in each spleen and bone marrow 
DNA was unexpected, as each unique site of proviral integration 
should yield two hybridizing bands. Because digestion of the 
samples was judged to be complete (Fig. 2 legend), we speculate 
that one of the flanking EcoRI sites was partially resistant to 
cleavage, through DNA methylation of the C nucleotide of the 
EcoRI recognition sequence. Other workers have observed 
resistance of EcoRI sites containing a methylated C nucleotide 
(R. White, personal communication). 

Cleavage of the secondary spleen DNA with Sacl, Ahalll, 
BstX1, Hpal, Scal (the latter four enzymes do not cleave the 
proviral genome)(Fig. 5b), Apal, HindIII, BamHI and Belli 
(data not shown) indicates unequivocally a single site of integra- 
tion. A rough comparison of band intensities to copy number 
standards reveals that, as expected, most of the DNA derived 
from spleen cells in secondary transplants harbours the proviral 
sequence. The observation that cytocentrifuge preparations of 
spleen cells from both of these secondary recipients show the 
presence of erythroid precursors as well as mature granulocytes 
(Fig. 6) indicates that the infected stem cells exhibit self-renewal 
and multipotentiality. 


Future prospects 


The present experiments demonstrate the feasibility of intro- 
ducing exogenous DNA sequences into the entire spectrum 
of haematopoietic tissues present in the mouse. Perhaps the 
major conclusion from these studies is that it is possible to 
introduce efficiently exogenous DNA sequences into pluripotent 
haematopoietic stem cells. Evidence for the infection of this cell 
type was obtained in several ways. First, DNA isolated from 
the spleens of recipients engrafted with bone marrow cells 
infected in vitro with recombinant retrovirus stocks was shown 































Fig.5 Clonal transfer of infected haematopoietic stem cells to a 
second recipient mouse. a, DNA was prepared from spleen and 
bone marrow of each secondary recipient and, with the original 
colony DNA, was cleaved with EcoRI, which was chosen so as to 
produce a more complex band pattern diagnostic of a particular 
proviral site of integration (each site of integration should yield 
two hybridizing bands, see Fig. 2). The DNA was electrophoresed, 
transferred to nitrocellulose and the filter hybridized with °P- 
labelled neo-pBR sequences as described in Fig. 3 legend. The 
tracks.are labelled according to the primary colony number (1, 2 
or 3). 1°Col indicates the primary colony. 2° Spl samples are 
derived from the secondary spleens and 2° BM samples are derived 
from bone marrow of secondary recipients. b, Spleen DNA from 
secondary recipient 3 was further cleaved with SacI, Ahalll, 
BstX1, Hpal and Scal, as shown, blotted and probed as above. 
Genome equivalents were generated by dilution of MSV DHFR- 
NEO DNA. 

Methods: Freshly explanted bone marrow was co-cultivated for 
48 h with the y2 DHFR-NEO virus producer cell line as described 
in Fig. | legend. Injection of small numbers of the co-cultivated 
marrow cells resulted in 5-10 discrete spleen colonies 12-14 days 
after introduction into the irradiated host. Individual spleen 
colonies were isolated under a dissection microscope, taking care 
that each nodule was discrete and, by microscopic examination, 
not a conglomeration of several individual CFU-S colonies. In 
total, 20 such colonies were obtained from five transplanted animals 
and processed to yield a single cell suspension in a-medium by 
teasing with the aid of needles. Commonly, 10°10’ cells were 
obtained per colony. The exclusive donor origin of these cells was 
inferred by the absence of any viable cells in a 12~14-day post- 
irradiation spleen obtained from a non-transplanted animal. The 
cell suspensions were divided into two aliquots. DNA was isolated 
from one aliquot, while the cells from the second aliquot were 
injected into a second irradiated mouse. Southern blot analysis of 
the single colony DNAs indicated that four of the colonies har- 
boured recombinant proviral genomes (data not shown). Spleens 
from three secondary recipients transplanted with cells from three 
of the four neo-positive colonies were inspected for the presence 
of CFU-S at day 14 post-transplant. Two of the recipients contained 

8-10 colonies; the third contained no colonies. 


to contain proviral DNA sequences. This result alone is sig- 
nificant, as the spleen is a major site of haematopoiesis in 
transplant recipients and has been shown exclusively to harbour 
donor CFU-S and more differentiated members of the 
haematopoietic lineage derived from donor CFU-S”. In addi- 
tion, transplantation of cells derived from single CFU-S colonies 
harbouring the exogenous sequences in unique chromosomal 
locations led to the repopulation of secondary recipients with 
CFU-S containing the new sequences in those same chromo- 
somal locations. Furthermore, morphological studies indicated 
that the transduced stem cells could differentiate in multiple 
lineages. 

A key to the success of our experiments was the use of 
infectious retrovirus vectors to effect gene transfer to a substan- 
tial fraction of CFU-S in normal bone marrow cells, thus obviat- 
ing the need for selective procedures to increase the proportion 
of transduced stem cells. Southern blot analyses of isolated 
single’colonies suggest that the efficiency of gene transfer into 





Fig. 6 Wright-Giemsa stain of haematopoietic tissue from day 
14 secondary spleen colonies. An aliquot of cells obtained from = 
the two secondary CFU-S colonies shown to harbour proviral 
sequence (Fig. 5) was centrifuged onto glass slides using a Shandon 
cytocentrifuge (1,250 r.p.m., 10 min) and subsequently stained with 
Wright-Giemsa using standard techniques. a, Secondary spleen 
colony cells derived from primary colony 1. b, Secondary spleen 
colony cells derived from primary colony 3. Specific 
haematopoietic cell types have been identified by morphology 
and labelled as follows: n, neutrophils; p, proerythroblast; 
e, erythroblasts. 


CFU-S can approach 20%. However, what limits the efficiency 
of transduction is presently unclear. Viral titres are not likely 
to be limiting, as we have observed multiple integrations in most 
of the CFU-S-derived colonies examined. We suspect that the 
virus may be integrating only in a restricted subpopulation of 
CFU-S, since although recipients are routinely injected with 
more than 50 CFU-S, we find in some cases a relatively few 
distinct proviral integration sites. Assuming retroviruses 
integrate into chromosomal DNA in random locations”, this 
finding might suggest that the population of CFU-S that can be 
infected is a restricted one, but necessarily one with high self- 
renewal capacity. Furthermore, since the number of integration’, 
sites varies even between experiments, we speculate that slight: 
alterations in culture conditions or methods of infection may- 
significantly alter stem cell cycle kinetics and therefore suscep- 
tible targets. Experiments are in progress to investigate this 
question. i 

Finally, we are aware of the inevitable parallels that will be. 
drawn between the work described here and proposed scenarios 
for gene therapy in man’. Ultimately, the specific parameters 
important for successful use of this technology to treat human: 
diseases need to be examined. The efficiency of gene transfer: 
into human haematopoietic stem cells, the regulation of genes 
introduced into haematopoietic tissue via retrovirus infection; 
and the safety and long-term stability of retroviral-mediated 
transformation are just a few of the factors needing extensive 














udy before a rational discussion of the feasibility of gene 
therapy in man. We hope we have helped to provide a suitable 
ramework for addressing these issues. 
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Hund’s multiplicity rule, according to which a high spin state has 
lower energy than any other state of lower spin arising from the 
same configuration, was deduced from atomic spectra immediately 
before the advent of modern quantum mechanics. Since then, the 
lower energy of the state of higher multiplicity has generally been 
explained by assuming greater electron repulsion in the lower spin 
states. Numerous calculations’ have shown, however, that the 
traditional explanation of Hund’s rule is invalid. In every neutral 
species for which the requisite calculations have been carried out, 
the electron—electron repulsion, V,., is greater in the high spin 
state, and the lower energy of the high spin state is due to its 
greater electron—nucleus attraction, Ven. | show here that Hund’s 
rule is a consequence of the Fermi correlation between electrons 
ith parallel spin which leads to less screening of the nucleus in 
the high spin state. 
Consider the singlet and triplet states arising from the Is2s 
configuration of helium. In accordance with Hund’s rule, the 
iplet has the lower energy but contrary to the traditional 
interpretation of Hund’s rule, Vse is greater in the triplet state.* 
According to the virial theorem the total energy is equal to 
one-half the potential energy expectation value, which is simply 
the sum of V.a and V,.. Thus, the larger V. and lower energy 
of the triplet state implies that V.n must be greater in the triplet 
ate. This in turn implies-a larger effective nuclear charge, Zer, 
or equivalently each electron experiences less screening of the 
ucleus in the high spin state. Previous calculations’ have 
shown that there is greater screening in the singlet state. The 
radial densities in the He isoelectronic sequence can be effec- 
tively superimposed" by plotting D(r,)/(Z-68) against (Z — 
6)r,, where Z is the atomic number and 6 is an adjustable 
rameter. The 2°S curves can be brought into close coincidence 
ith = 0.59, while superposition of the 2'S curves is best 
achieved with 6 = 0.80. The electron clouds become more com- 
pact as Z increases and, therefore, it is natural to interpret the 
quantity (Z~ 8), which brings about the superposition, as the 
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effective nuclear charge and ô. as a screening constant. The 
effective oe charges are listed in Table | together with the 
total energy, V.,=—-2Z(1/r) and V,.=(1/r;2) in the 2°S and 
2'S states of He, as calculated? from good approximations to 
the exact wavefunctions. 

The exact pair distribution function, f(ri2), shows that the 
probability of the two electrons coming within about 0.5 Au of 
each other is vanishingly small in the 2°S state, whereas there 
is a significant probability of finding the two electrons close 
together in the 2'S state®. The difference is due to the antisym- 
metry principle which requires the total wavefunction, including 
spin, to be antisymmetric with respect to interchanging the 
coordinates of any two electrons. Such antisymmetry implies 
that the wavefunction is equal to zero whenever two electrons 
with parallel spin are at the same point. In effect, the antisym- 
metry principle prevents electrons with parallel spin from com- 








Table 1 Energies of the 2°S and 2'S states of He (AU) 

Quantity PS 2's 
Eronat —2.1752 —2.1459 
Va 0.2682 0.2495 
v.. 4.6186 ~4.5413 

Ze Ll 1.20 








Table 2 Energies of the 2°P and 2'P states of He (AU) 





Quantity XP 2'P 
Ein -2.1332 -2,1238 
Vie 0.2666 0.2450 
Ven —4,5330 ~—4,4927* 
Zar 1.13 1.04 





* The value of (1/r,) in ref. 2 should read 1.12317751. 





Table 3 Energies of the 2°P and 2'P states of Neë* (au) 





Quantity PP 2'P 
Esai -60.3175 —60.0557 
Vae 2.1059 2.2927 
Vern 122.7408 — 122.4040 

















“ing ċlose to one another. The Fermi correlation, due to the 
antisymmetry principle, only applies to electrons with parallel 
-spin and is in addition to the Coulomb correlation which applies 
to every pair of electrons. The Fermi correlation leads to a Fermi 
hole'’, a deficiency of charge of the same spin as the electron 
in question, in the charge cloud around a chosen electron. 
Thus, Fermi correlation keeps the two electrons apart in the 2°S 
state’, with the result that there is less screening of the 
nucleus. As each electron experiences a larger Zeg, there is 
a concomitant contraction of the electron cloud leading to a 
larger V.n. As the electron cloud becomes more compact, some 
of the gain in V, is lost by an increase in V,,.. Nonetheless, 
the greater V, in the 2°S state more than compensates for the 
additional Vue. 

A similar situation is observed" in the 1s2p states of He (see 
Table 2) except that the extra V,,, in the 2°P state is less than 
twice the extra Vae Furthermore these states provide an interest- 
ing example of what happens as the electron cloud becomes 
more compact. As the atomic number, Z, increases, the differ- 
ence between V,, in the triplet and singlet states diminishes, 
until at Z = 4, the electron—electron repulsion is greater in the 
2'P state, All the way up to Z = 10, which is as far as the accurate 
calculations” have been carried out, V.,, remains greater in the 
triplet and the singlet has a higher energy. The relevant energies 
are listed in Table 3 for Ne®*. The dominance of the V., term 
‘eonfirms the. screening interpretation given above, while the 
reversal of the V,, values in highly charged ions requires further 
explanation. The Fermi correlation’ is essentially a local 
effect'®'® which is strongest at short inter-electronic distances. 
The K shell part of the electron cloud in Be?*, B** and so on, 
is more compact than in He. With one electron in a very compact 
shell, the Fermi correlation is only important when an electron 
of the same spin in the outer shell approaches the nucleus. In 
these conditions, the Fermi correlation leads to substantial 
angular correlation so that the two electrons of the triplet state 
will tend to be on opposite sides of the nucleus. The Fermi 

` correlation is not present in the 2'P and because there is less 

angular correlation, V,, is greater in the singlet state. When the 
inner shell is more diffuse, Fermi correlation will lead to propor- 
tionately less angular correlation. Of course, the electrons will 
be kept apart and there will be less screening of the nucleus in 
the triplet, but now the electrons can be kept apart and yet have 
a greater probability of being on the same side of the nucleus, 
in which case, less screening leads to greater V,,, and the con- 
comitant contraction of the triplet electron cloud as described 
above. This explanation is supported by the data? for the Is3p, 
Is4p and .IsS5p states where the switch in the relative values of 
Voa occurs at Z =4, as in the Is2p states. The K shells of the 
Isnp states are essentially independent of n whereas the diffuse- 
ness of the L shells increases rapidly with n. 

The 'P and °P states of the 1s’2s2p configuration of Be, B* 
and C?* follow the same pattern’'*. Namely, the magnitude 
of V., is greater in the triplet state, while V, is greater in the 
triplet state of Be and B* but not in the more compact C’* ion. 
From the expectation values!” of ri, Zen can be shown to be 
larger in the triplet state in agreement with the screening explana- 
tion of Hund’s rule. Less accurate calculations*""” for the °P, 'D 
and 'S states of the 1s°2s°2p° configuration of the C isoelectronic 
sequence further support my scenario. An excellent molecular 
example is provided by the lowest ‘Il, and `I, states of H,, for 
which V, has been shown*'® to be greater in the triplet. As in 
every case studied to date, the lower energy of the high spin 
state is due to its greater Ven 

Finally, the explanation of Hund’s rule proposed here, accord- 
ing to which the effective nuclear charge is greater in the higher 
spin states due to Fermi correlation between electrons with 
parallel spin, is consistent with the smaller size of the high spin 
state of an atom'®. The latter observation has been confirmed 
by experimental studies of scattering cross-sections’. 

I discussed the central ideas of this letter with the late Pro- 
fessor C. A. Coulson FRS during our research on correlation 

holes: 
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During a search for X-ray counterparts of the COS B2 100 MeV 
y-ray sources (see refs 1, 2), observations using the- Einstei 
Observatory revealed a new X-ray source, 1E0630+ 178, inside 
the ~ 1/2 square degree error box of the y-ray source 2GC195 +4, 
‘Geminga”. On the basis of its interesting properties, this source 
has been proposed as the X-ray counterpart of Geminga. A faint 
(m,~ 21), star-like object lying at the inner boundary of the HRI 
98% error box has been suggested*” as the optical counterp 
of the X-ray (and thus the y-ray) source. No radio counterpart 
has been detected, despite several searches’”’*"", The region of 
Geminga was observed with the European Space Agency (ESA 
Exosat satellite on 9-10 September 1983, from 22.30 to 07.55 UT. 
Due to malfunctions in orbit, both Position Sensitive Detecto 
of the low energy (LE) telescopes were not operable, and only the 
Channel Multiplier Arrays (CMAI and 2) gave useful data. The 
medium energy (ME) and Gas Scintillation Proportional Counter 
(GSPC) instruments also recorded data although their sensitivity 
is insufficient to detect this soft =0.1 UFU source, also not detected 
by Einstein’s Monitor Proportional Counter (MPC). 

The CMA energy response is dependent on the input filters 
used. For this observation, the CMA1 used an ‘aluminium/pary- 
lene’ (Al/Par) filter, and the CMA2 a thin (3,000 A) Lexan on 
The filter transmission curves are given in ref. 10, Fig. 3.3. Brief 
the Al/ Par filter is mostly transparent between 30 and 60 eV and 
then again between 300.eV and 2 keV, while the Lexan filter 
transmits well in the interval 30-300 eV and is similar to thi 
Al/Par above 300 eV. h 

Figure la, b shows the central region of the CMA fields. The 
brightest source in the fields (number 1) is coincident with 
E10630 +178; HSI and HS2 are instrumental artefacts known 
as hotspots; source number 2 is identified with star SAQN095804, 
of my 8.5 and spectral type AO; and source number 3 is identified 
with $SAQ0095794, my = 7.2, spectral type F8, which is actually 
a double star. All identifications are based on a CMA position 
resolution of 10-20 arcs within 30 arcs of the telescope axis. 
Although a good overlap exists between the regions shown in 
Fig. | (and the complete CMA fields) and the Einstein Imaging 
Proportional Counter (IPC) field of ref. 3, only the brightest of 
the Einstein sources is detected, the others being too weak 








a 
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Fig. 1 The central region (~30 x 30 arcs) of the Exosat CMA fields, with the pointing direction (@) shown. a, Field with 3,000 A Lexan filter 

(CMA2)} exposed for 34,200 s, of which 27,500 s constituted the useful observing time. HS1 is an instrumental hotspot, and three sources are 

seen: number | with 700 counts under its PSF, number 2 with 490 counts and number 3 with 60 counts. Source number | coincides with 

 1E0630 +78, the proposed X-ray counterpart of Geminga. b, As a, but with the Al/Par filter. Only source number | is now visible, with ~ 100 
counts. 
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Fig. 2 Comparison of PSF for sources | and 2, with peak height 
normalized to number 1. A constant background level of 0.46 
-photons per pixel was subtracted. The Geminga (number 1) profile 
= (solid line) shows wider wings, probably due to its off-axis position. 


~107" ergcm™*s~') for this CMA exposure. The two stars 


numbers 2 and 3) are at the boundary of the IPC field and 
ave probably been detected by the CMA2 due to its UV 
ensitivity. This is confirmed in the case of source number 2, 
ere the ‘sum signal’ distribution shows the presence of heavy 
contamination. The radial brightness profile of sources | 
ind 2 is shown in Fig. 2. Both profiles are consistent with the 
nown CMA point spread function (PSF, as described on the 
xosat calibration file on the final observation tape, FOT), taken 
mice at about 20 arcs from the image centre (number 1) and 
then (number 2) near to it. 
~The available data on the CMA performances indicate that 
broader profile of Geminga relative to source number 2 is 
ully accounted for by its off-axis position, and thus no evidence 
extension is seen. The. preliminary position of number 1 
@=6h 30min 58.2s, 5 = 17°48'36") contains in its estimated 
rror radius the more accurate High Resolution Imager (HRI) 
Ox given in ref, 3. No fine correction for spacecraft attitude 
‘deblurring’) has yet been introduced. 
“The CMA detectors cannot provide spectral data apart from 
hose related to the filter transmissions. In the case of Geminga, 
the limited source flux meant that only two filters could be used 
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Fig. 3 Comparison of the time profiles for Geminga (solid line) 

and source number 2 (8th magnitude star, dashed line). Both 

profiles have been corrected for a variable (20% ) dead time. The 

background, averaged from Fig. 1, has been subtracted. The start 

time of the observation (origin of abscissa) was 9 September 1983, 
at 22.30 UT. 


in the 10-h observation. With only two broad energy windows, 
no spectral fitting was attempted. The Exosat data are simply 
consistent with the Einstein finding of a very soft spectrum (for 
example, energy index a ~ ~—2.3), with a very low Ny (10! 
10°° cm™*) for its galactic latitude of +4°. 

In this preliminary analysis the source flux has been estimated 
to be consistent with the one given for the IPC range in ref. 3 
(2.2x 107! erg™! em~? 571), 

The main new result given by the Exosat observation refers 
to a time profile of the source obtained with virtually continuous 
coverage during the 10-h observation. 

Although source number | was detected by both CMA instru- 
ments, the counting statistics of the CMAI image (Fig. la) are 
too poor for a useful time analysis. On the other hand, the 
different configurations of the two CMA instruments (the very 
different dead time corrections) prevent an easy summation of 
the two images. Therefore, the CMA2 field alone was used in 
the time analysis. The continuous elapsed observation time was 
~34,200 s, with a 20% dead time correction, due to the inability 
of the CMA detector to record every X-ray photon, especially 
during the irregular increases in the background rate that were 
probably related to solar activity. s 











“Figure 3 (solid line) shows the source time profile after sub- 
traction of the measured background, where all the source counts 
within 10 pixels from the centroid are taken (~570) to maximize 
the signal-to-noise ratio; for comparison, the broken line shows 
the same profile for source number 2 (star), which has ~450 
counts, with the background also subtracted. The profiles have 
been corrected for the appropriate dead time value per bin. The 
error bars shown are for a Poisson distribution and include 
errors for the background. A standard x° test was performed 
against the hypothesis of a constant source for both profiles: 
for Geminga this yielded y? = 16.25 (9 d.f.), or a 6% probability 
that the observed profile is due to a constant source. For the 
star, the y? = 6.37 (9 d.f.). A Kolmogovov~Smiznof test was also 
performed, and the outcome was compatible. This result, 
although suggestive, does not provide sufficient evidence for 
source variability. Obviously, a longer observation is needed to 
assess its statistical significance. 

In view of the above data, we note that Hertz and Grindlay” 
have reported a possible variation (at the ~2o level) of the 
Einstein source in the IPC data, on atime scale of a few thousand 
seconds*—a large fraction of the whole observation. 
Mereghetti", using all the available reprocessed Einstein data, 
has found a similar result using a different technique for analysis. 

As to the nature of the emitting object, the result presented 
here does not alter the conclusions reached earlier (see refs 3, 7) 


linking the observed y-X~optical emissions, assumed related 
to a compact object, such as a neutron star. Thus an accurati 
check on all the available data for other time variations and/o 
periodicities becomes important. This is underway on the fiv 
X-ray data sets available (three Einstein and two Exosat) an 
will be performed on optical observations made in January 198 
at the Canadian French Hawaiian Telescope. Further optic: 

observations, including fast photometry, would be highly desir 
able, as would further ultrahigh energy y-ray data (=10'* EV 

where interesting results have been obtained (ref. 14) and mor 
data are being collected (T. Weekes, personal communication) 
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A substantial anomalous warming of sea-surface temperatures 
(SSTs) in the tropical Pacific Ocean (an ‘El Niño’) can have 
profound effects on the atmospheric mid-latitude long waves, 
leading to severe weather anomalies'*, However, the magnitude 
and ‘position of these weather anomalies seem to vary considerably 
between winters in which El Niño events are in progress*®”. In 
order to forecast with confidence the effects of future El Nino 
events, it is important to understand the physical reasons for these 
differences. Motivated by this, we present several atmospheric 
general circulation experiments which model the atmospheric 
response to SST anomalies in the tropical East and West Pacific. 
We have found that the extratropical response to a relatively small 


West Pacific anomaly can be stronger than and qualitatively 


different from the response to a much larger East Pacific anomaly. 
These experiments suggest a possible explanation for the difference 
in mid-latitude response during the 1976-77 El Niño winter and 
the El Niño winters of 1972-73 and 1982-83. 

The first set of experiments were integrations of the global 
11-layer atmospheric general circulation model (AGCM) of the 
UK Meteorological Office, with 2°x3° horizontal resolution. 
The model has a penetrative convection scheme and, in the 
version used here, non-interactive radiation with fixed zonally 
symmetrical cloud amounts (see refs 8, 9 for details). All experi- 
ments ran for 150 days from 28 December 1972, with fixed 
January radiation constants. The control integration had (fixed) 
January climatological SSTs. The SST anomalies added for the 
two experiments are illustrated in Fig. | (the anomaly field in 
Fig. la is taken from data for December 1972). 

Figure 2 illustrates the 500-mbar streamfunction anomaly 
(that is, difference from control) associated with the two experi- 
ments, averaged over 150 days. Figure 2a shows a high anomaly 
centre at about 10°N 130°W to the north-west of the maximum 
SST anomaly. A low anomaly centre lies further north over the 





Gulf of Alaska. The gradient between these centres gives ris 
to an average westerly wind anomaly of ~3ms7'. A secon 
weak low anomaly centre lies over the southern states of ‘th 
USA and over the north-east Atlantic, and a high anomal 
centre over the South China Sea. The 500-mbar streamfunctio 
anomaly pattern shown in Fig. 25 is stronger and quite differen 
from that in Fig. 2a. There is a low centre at 15° N 140° E, t 
the north of the maximum in the SST anomaly, with a stron 
downstream response giving anomaly centres just west of th 
dateline, to the south of the Alaska Peninsula, over Hudson Ba 
and over the Gulf of Mexico. A weaker centre occurs furthe 
downstream to the west of the British Isles, The wind anomalie 
upto 12 m s™' over the Pacific, are stronger than and in a differen 
position from those in expt 1, with south to southwesterlies ov 

most of the west coast and north to northeasterlies over mo 

of the east cost of North America. This pattern was apparen 
in each 30-day mean field comprising Fig. 2b. 

We note that a rainfall anomaly maximum of 12 mm per da 
occurred at 7°S 135° W in expt 1 and at 7° N 170°E in expt; 
Although the convective rain routine used in the model tend 
to produce excessive rainfall rates over the tropical oceans, these 
values indicate that the stronger atmospheric response to the 
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Fig. 1 SST anomaly(K). a, Expt 1; b, expt 2 (having a maximum. 


value-of 1.3 K in the West Pacific). 
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econd SST anomaly was apparently not associated with larger 
‘opical rainfall anomalies. On the other hand, rainfall and 
sociated divergence field anomalies extended to 15° N for the 
est Pacific anomaly experiment, but to only 5° N for the East 
c anomaly experiment. Simmons’? finds 15° N to be an 
timum latitude and the West Pacific an optimum longitudinal 
gion for forcing the extratropics by tropical heating. For both 
xperiments the tropical wind anomalies are strongly baroclinic 
nd broadly consistent with Gill’s'' linear model. (The 500-mbar 
ind anomalies over the East Pacific in Fig. 2a correspond to 
ill’s upper-level solution, whereas the 500-mbar wind 
nomalies over the West Pacific in Fig. 2b correspond to Gill’s 
wer-level solution. This difference is possibly due to the vari- 
ation of the depth of convection over the East and West Pacific.) 
_ In interpreting the anomaly maps of Fig. 2 we note that the 
ntrol integration has a zonally asymmetrical flow, driven in 
rt by the imposed zonal gradient in the climatological SSTs. 
immons'° has shown that many aspects of the mid-latitude 
ter flow can be reproduced using purely tropical forcing. 
e addition of the anomaly field illustrated in Fig. 1a consider- 
bly weakens the normal (east-west) gradient, thereby making 
isotherms of the SST more zonal. As expected, therefore, 
nid-latitude Pacific jet responds to this change in SST by 
oming more zonal: the anomaly pattern in Fig. 2a corre- 
nds to an increase in the strength of the jet over the East 
cific and a slight decrease in strength over the West Pacific. 
1 contrast, the SST anomaly shown in Fig. 1b enhances the 
mal tropical SST gradient across the Pacific. The response 
lown in Fig. 26 is qualitatively consistent with a downstream- 
ropagating wave-train’? forced by the positive SST anomaly 

the tropical West Pacific. The response is also remarkably 
lar to the stationary mode described by Simmons et al.” 
their Fig. 14b), suggesting that the pattern in Fig. 2b may 
elated to a weakly unstable barotropic mode in the AGCM. 
e atmospheric height anomaly patterns over the East Pacific 
id North America for January 1973’ and 1983? bear some 
semblance to the model response in Fig. 2a, as they include 
high anomaly centred over the East Pacific at about 20° N, a 
v anomaly directly to the north and relatively weak anomalies 
{and mild conditions) over the USA. The observed pattern for 


Fig. 2. 500-mbar streamfunction anomaly averaged over days !~150. a, Expt 1; b, expt 2. Contour interval is 2 x 10° m°s 
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Fig. 3 SST anomalies (K) for January 1977 (UK Meteorological 
Office SST archives). 


January 1977° is quite different, with strong anomalies over the 
USA (see Fig. 4d) leading to an exceptionally severe winter 
over much of the continent. Counterparts to the pattern in Fig. 
4d can be found in the model response (Fig. 2b) to the SST 


anomaly pattern in Fig. 1b. Although the real SST pattern for 


January 1977 (Fig. 3) is quite different in the East Pacific from 
that used in the model, we note that there was a warm anomaly 
of up to 1.5 K in the West Pacific centred at 140° E. 

To test further the suggestion that the atmospheric anomaly 
pattern in the winter of 1976-77 may have been largely due to 
this warm West Pacific SST anomaly, a set of 50-day forecast 
experiments was run on a hemispheric version of the UK 
Meteorological Office 5-level AGCM™. These integrations used 
initial conditions for 14 December 1976 and were run (1) with 
climatological SSTs (control), (2) with the full tropical Pacific 
anomaly as in Fig. 3, (3) with only the warm anomaly west of 
155°E and (4) with only the anomaly east of 155° E. Figure 
4a—c shows the 500-mbar streamfunction response (difference 
from control), averaged over days 21-50, for the full SST 
anomaly, the West Pacific anomaly and the East Pacific anomaly. 
The observed 500-mbar geostrophic streamfunction anomaly for 
January 1977 is shown in Fig. 4d. Over the Pacific and North 
America the model response to the full and West Pacific 
anomalies is very similar (Fig. 4a, b) and there is a correspon- 
dence with the pattern shown in Fig. 2b (although a phase shift: 




































































east of 155° E only; d, observed 500-mbar geostrophic streamfunction anomaly for January 1977. Contour interval is 4 x 10° m? s™' in each cas 


between the 5- and 11-level model responses is apparent, poss- 
ibly due to a tendency in the |l-level model to develop excess- 
ively strong zonally-averaged mid-latitude westerlies). The low 
centre over the North Pacific and the high over the west coast 
of North America coincide very closely with the real anomalies. 
When the West Pacific SST anomaly is removed the response 
over the Pacific and North America is much weaker (see Fig. 4c). 

In conclusion, results from both AGCMs suggest that the 
extratropical response to relatively small SST anomalies in the 
warm tropical West Pacific can be large and may explain the 
differences in the atmospheric response to past El Niño events. 
Although, of course, the preliminary results presented here are 
not conclusive, they do highlight.the importance of extensive 
AGCM modelling as.a means of understanding the crucial role 
















Fig. 4 500-mbar streamfunction anomaly for days 21-50 of the forecast experiment begun on 14 December 1976. a, With SST anoma 
taken from Fig. 3 for January 1977; b, with SST anomalies taken from Fig. 3 west of 155° E only; c, with SST anomalies taken from Fi 


of the influence of the tropical Pacific Ocean on global atmo 
pheric circulation patterns. 
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Excess ””’Ac in deep ocean water 
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Inderstanding the nature and rates of processes by which materials 
re transported and mixed in the deep ocean is essential for 
evaluating environmental effects and risks involved in human uses 
f the ocean, such as mining of manganese nodules and deep ocean 
lumping of wastes. I report here the first measurements of °?” Ac 
alf life, t1/2. 21.8 yo in seawater. The results clearly show the 
resence of excess “’Ac relative to its progenitor 7*'Pa (see Fig. 
) in deep waters below 3 km, suggesting that the °” Ac is supplied 
by diffusion from sediments. Two other natural radionuclides, 
“Rn (ref. 1) and *“*Ra (ref. 2) which have bottom sources, have 
roved to be useful for determining rates of mixing from days to 
ades. The excess **’Ac can be used as a novel tracer for 
asin-wide circulation and mixing on time scales up to 100 yr. 
n January to March 1982, the Cepheus expedition (KH-82-1), 
sing RV Hakuho-Maru, occupied three large-volume stations 
n the western North Pacific: Ce-5 (25°00 N, 169°59' E), Ce-8 
12°45’ N, 173°14’ E) and Ce-13 (12°00' N, 152°30’ E). The ver- 
ical profiles of **’Ac and 'Pa were measured at the latter two 
ubtropical stations. (The hydrographic data are described in 
ef. 3.) The detailed analytical procedure for the various radionu- 
lides found in a 230-1 aliquot of seawater collected in a PVC 
arge volume sampler will be given elsewhere. In brief, Ac 
nd ™'Pa, together with other actinides, were co-precipitated 
vith iron hydroxide and removed from the water. ?*’Ac was 
hen separated from Th, Pa and other actinides by ion exchange. 
ttempts to measure by a-spectrometry the in situ activity of 
Th which should have been in equilibrium with the parent 
7" Ac in all the water except at the surface** were not entirely 
uccessful because of interference by the daughter nuclides of 
“Th. The method can only be used for deep-water samples 
ith relatively high activity ratios of *?’Th/**°Th and often 
nvolves large uncertainties (see Fig. 2). Therefore, the "Ac 
raction was stored for more than 4 months during which its 
laughter 7°’ Th (t,,., 18.7 days) increased to be in almost secular 
quilibrium concentration with ?’Ac. The daughter 7?’Th was 
étermined using a known amount of *°Th as a yield tracer, 
ind the 7?’Ac concentration was calculated from its activity. It 
as assumed that ?’Ac was quantitatively co-precipitated with 
ron hydroxide. The laboratory experiment, using a 7’ Ac tracer 
nd a 20-1 aliquot of open ocean surface water, showed that the 
ssumption was valid within a 3% error. Any incomplete co- 
recipitation of °?” Ac, if it occurs in expanded volumes, makes 








Table 1 Concentration of 7?’Ac in seawater 






Depth 17 Ac Depth 27 Ac 
(m) (x10° d.p.m. kg™’) (m) (x10? d.p.m. kg™') 
e-8, 5727 m Ce-13, 5,925 m 
: 10 0.05 + 0.02 10 0.08 + 0.03 
127 0.06 + 0.02 98 0.06 + 0.02 
196 0.07 + 0.02 147 0.08 + 0.03 
296 0.17 + 0.05 197 0.14 £ 0.03 
394 0.13 +0.03 300 0.02 + 0.02 
504 0.28 + 0.06 394 0.12 + 0.03 
605 0.26 +004 500 0.21 + 0.03 
803 0.41 + 0.06 692 0.29 + 0.05 
988 0.36 + 0.08 980 0.38 + 0.06 
1,495 0.58 + 0.08 1,494 0.64 + 0,09 
1,985 0.71 £0.08 2,493 0.56 +0.09 
r 2,980 0.83.4 0.10 3.482 0.75 +0.10 
3,997 1.58+0.13 4,505 1.452015 
6,377 1,96+0.19 5,589 2,26 +0.23 
5,676 2.09 + 0.18 5,870 2.68 + 0.25 
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Fig. 1 A portion of P U decay chain. 


the real values higher than those given in Table 1. The loss of 
iron hydroxide precipitate during handling and processing was 
corrected for following the recovery of iron (~80%). That the 
loss of *’Ac during the ion exchange procedure is negligible®, 
is also confirmed by agreement, within experimental errors, 
between in situ ° Th results and the *?’Ac, determined as above, 
for some deep-water samples. For 'Pa, a radiochemical method 
was used, including purification by ion exchange and solvent 
extraction procedures, and aœ- and B-spectroscopy using **Pa 
(tiza 27 days) to determine’ the overall yield. 

The results for °” Ac are given in Table | with +1¢ counting 
errors. The procedural blank was not corrected, so that some 
surface values could be due to the blank, although this value is 
not significant for deep samples. The data for ”'Pa and their 
geochemical implications will be given elsewhere but the vertical 
feature based on the two profiles is shown in Fig. 2. Because 
radioactive equilibrium with ° Ac is expected, the values of in 
situ "Th activity at Ce-5, and those measured by the moored 
MnO,-fibre technique at 30°N, 146°E reported earlier* are also 
plotted in Fig. 2. Both **’Ac and ™'Pa increase from values 
close to the detection limit in surface waters, to 0.7 x 
10°? d._p.m. kg™! at a depth of around 3 km, with no significant 
departure from their equilibrium relationship. Below this depth, 
however, a marked increase of ° Ac in contrast to a slight 
decrease of *'Pa with depth was observed. The existence of 
excess **’Ac compared with 'Pa implies that there is a source 
of **’Ac in the bottom waters other than production from the 
parent **'Pa, The trend that the excess 7”’Ac increases towards 
the sea floor strongly suggests that the **’Ac is supplied from 
the underlying sediment in an analogous way to the Ra isotopes. 
But it is unclear what geochemical similarities there are between 
Ac and Ra, because little is known about the chemistry of Ac 
in natural aquatic environments. Laboratory studies suggest that 
chemical properties of actinium compounds resemble those of 
lanthanum but that the hydroxide is more basic (and hence 
more soluble in seawater) than lanthanum hydroxide’. Recently, 
Klinkhammer et al.” showed the nutrient-like depth profiles of 
charge 3+ rare earth elements, such as Si, Ba and ‘Ra, which 
are indicative of a deep regeneration cycle. Considering these, 
it seems likely that Ac is, diagenetically and/or radiogenetically 
(due to a-recoil effect), released from sediments to the overlying 
water. 

More insight into the processes controlling °” Ac come from 
comparing its oceanic distribution with that of Ra. Although 
"Ra has not yet been measured, the general vertical feature 
may be deduced from its daughter "Th (¢,,., 1.9 yr). The Th 
profiles (ref. 4, and unpublished data] show an increase towards 
the bottom which is similar to the case of excess **’Ac (Fig. 3). 
A strong positive correlation exists between 7“*Th and excess 
22 Ac (or *?’Th) with activity ratios of around unity. The bottom 
standing crop of excess °” Ac (~0.3 d.p.m. cm~?) is nearly the 
same at that of “Th. This produces an Ae flux of 
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Fig.2 Depth distributions of 7 Ac (©, Ce-8; (1, Ce-18) in the western North Pacific. A, The in situ activity of 7?’Th at Ce-5; @, ?’Th dat 
reported earlier*. The *'Pa profile is based on the data at Ce-8 and Ce-13. The counting error for?’ Pa measurements was ~ 15% at a concentration 
of 0.5% 1077 d.p.m. kg”!. The inset map shows station locations. 


0.01 d.p:m.cm™* yr”! across the sediment-water interface corre- 
sponding to only 0.5% of the production rate from “'Pa in the 
sediment column: This production rate is estimated by assuming 
that **'Pa is quantitatively removed from the 5,800-m water 
column to pass into the underlying sediment. 

The Ac and “Ra in the bottom waters are expected to be 
supplied only from superficial sediments (presumably <10 cm 
thick) due to their relatively short half lives. Cochran’, using 
porewater measurements, has shown this for Ra. Therefore, 
the fluxes of these nuclides. is most likely to depend on the 
contents of their parent *! Pa and **Th in the surface sediments, 
and be independent of the difference in their sediment profiles. 
Interestingly, measurements of Th and Pa isotopes in the top 
few centimetre sediments from two pilot cores obtained in this 
region gave a mean value of 140.2 for the activity ratio of 
23'pa/?*°Th, This implies that the production rate of Ra is 
about four times greater than that of **’Ac. Because the standing 

crop of?” Ac in the bottom water is approximately equal to that 
of “Ra (as deduced from 7°Th), the flux of ?*Ra out of the 
sediments must also be about four times that of °” Ac. This 
suggests that the mobility of Ac in sediment is about the same 
as that of Ra isotopes in the western North Pacific region. 
Another point that can be noted from Fig. 2 is that there is 
little excess**’Ac in surface waters at these subtropical stations. 
This is in contrast to the observation that there is significant 
excess “Ra in open ocean surface waters, although the amount 
is smaller in tropical regions than in mid gyres'®''. The difference 
can be ascribed to their fluxes from shallow water sediments. 
The *'Pa content in shallow water sediments is considerably 
lower than that in deep-sea surface sediments to which large 
amounts of radiogenetically-produced ™' Pa are added from the 
water column, whereas the variation of non-radiogenic *’Th 
>. content is small irrespective of the depth. Hence, the Ac 
supplied. by lateral transport from continental margins to open 
-oceah surface water must be much smaller than that of “Ra. 


Before applying a mixing model to the **’Ac data for estimat 
ing the vertical eddy diffusion coefficient, the effect of scavengi 
on the vertical distribution needs to be evaluated. At presen 
the only available data for Ac in marine particulate matte 
are those for sediment trap samples determined by Anderso: 
ahd Fleer®. Their data indicate that the activity ratio. o 
227 ac/*°Th for particles (~0.015 for depths >4km) is tw 
orders of magnitude smaller than that for seawaters obtain 
here (see also refs 4, 12). Thus, the box-model type scavengin; 
residence time of Ac is estimated to be ~3,000 yr, 100 time 
longer than that of ™°Th (ref. 12). As the mean life of Ac 
only 30 yr, the scavenging can hardly influence the vertica 
profile of **’ Ac. The fluid processes by which °” Acis transporte 
to the deep ocean interior, and the decay, are the main factor: 
governing the distribution. 

I have attempted to estimate the 
diffusion coefficient (D) based- on the 
state vertical mixing model given by 


apparent vertical ed 
227 Ac data and a stea 


where A is the activity of excess °” Ac relative to ?'Pa, A is th 
decay constant and z is the distance above the bottom. Th 
boundary conditions that A= Ao at z=0 and A=0 at z 
5,000 m are used throughout this calculation. If D is assume 
to be constant with depth, then the relationship derived i 
D = 23,2/0.693t,/2, where Z,/2 is the distance for A = Ap/2 an 
ty. is the half life of 7?’Ac (21.8 yr). Taking Z,/. = 1,000 m (Fig. 
3), D =20 cm’ s™' is obtained. This value is consistent with, bu 
at the lower end of, the range of estimates from the botton 
2287 (Ra) profiles (ref. 4). oe 
In reality, however, the apparent vertical eddy- diffusio 
coefficient is more likely to be dependent on depth. For exampl: 
various values of D have been estimated as ~50 cm’s™' fro 














D = 3 exp (-10°%2) ems"! 
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Fig.3 The vertical profiles of bottom excess °” Ac (or *’Th). The 

values were calculated by subtracting **'Pa activity measured, or 

if not measured, assumed, based on the profile shown in Fig. 2 

from *°’Ac (or 7*’Th) activity, and represented as the fraction of 

he extrapolated activity at the sea floor. The same symbols are 

used as for the stations in Fig. 2. Two model curves (see text) are 
also shown. 


ear bottom Rn profiles, ~30cm?s~' from “Th (?*Ra) 
rofiles for the bottom 2 km, and ~1 cm? s”? from '*C between 
and 4 km in the North Pacific. Sarmiento et al.” have demon- 
trated that the apparent diffusion coefficient is inversely corre- 
ated to the vertical density gradient. For waters below 3 km in 
he western North Pacific, the vertical gradient of potential 
ensity, although small, increases with the distance from the 
ottom. Considering these, as exponentially decreasing formula, 
J= D exp (~Bz) was assumed for the vertical variation. Then 
the solution of the model is given by 


-aeol [EVA l)a] 


here K, is the modified Bessel function of the second kind of 
irst order. Figure 3 shows the best fit curve where D= 
exp (—1077 z)(z in cm). The curve appears to be a better fit 
an when D is constant and also to be more consistent with 
he trend of variation of D estimated from other tracer distribu- 
jons such as °*Rn, Ra and “C. 
Despite the consistency of the vertical model, the effect of 
orizontal transport was implicitly ignored in the calculation. 
owever, some oceanographers'*!* believe that the lateral mix- 
ng coupled with slope boundary turbulent diffusion is an impor- 
‘ant control on the distribution of chemical properties in the 
eep ocean. Indeed, the similarity of the vertical profiles of 
"Ac, regardless of the difference of locations (Fig. 2), is not 
inconsistent with the idea. For more detailed arguments a three- 
mensional data set, as well as information on the geographical 
ariations of °” Ac flux from sediments, are needed. In any case, 
imultaneous use of °” Ac and ?*Ra as tracers will provide one 
f the most useful means of resolving the problem regarding 
he role of diapycnal and isopycnal mixing in the deep ocean. 
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geomagnetic polarity transition durations 
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Palaeomagnetic records of the Matuyama-—Brunhes polarity 
transition were obtained from seven, low sedimentation rate, deep- 
sea cores from the Pacific Ocean. The cores were taken near the 
180° meridian and provide a latitudinal transect of transition 
records extending from 45.3° N to 33.4° S. Examination of these 
records suggests that low sedimentation rate cores may not be 
capable of recording the fine details of transitional field behaviour, 
but there are indications that these cores may, in fact, provide 
accurate records of the more general features of the reversal. Most 
notable of these features is that the duration of the transition is 
dependent on the site latitude, with durations at mid-latitudes 
being more than a factor of 2 longer than at equatorial latitudes. 

Palaeomagnetic records of polarity transitions, particularly 
those of the Matuyama~Brunhes reversal, indicate that the field 
did not maintain a dipolar geometry during the reversal pro- 
cess’, Higher-order symmetries, however, cannot be precisely 
defined because of the small number of detailed records and 
their poor geographical distribution. 

There are inherent difficulties in obtaining an adequate data 
base because polarity reversals take a short time (geologically) 
to occur. Our approach to this problem has been to use micro- 
sampling techniques*”’ which allow us to obtain detailed records 
from deep-sea sediment cores which are characterized by low 
to moderate, yet uniform, sedimentation rates (0.5-6 cm kyr™'). 
This method greatly increases the possibility of obtaining a wide 
geographical distribution of records of the same reversal. The 
second advantage is that accumulation rates in cores are usually 
well determined and, therefore, it is possible to estimate rates 
and durations of processes recorded in the cores. A disadvantage 
is that there seem to be intrinsic problems in interpreting field 
behaviour from such low sedimentation rate cores*. These prob- 
lems relate to the scale at which homogeneous magnetizations 
exist in the sediment whereby resolution of field behaviour does 
not seem to be proportionately improved by finer scale sampling. 
Therefore, we believe that the interpretation of such records 
should be limited to gross features of polarity transitions, such 
as the duratjon of the transition. 

The cores were selected on the basis of earlier magnetostrati- 
graphical studies (ref. 6 and N. Opdyke, personal communica- 
tion) to investigate the possible latitudinal dependency of transi- 
tion features. Seven cores from the Pacific Ocean, mostly dis- 
tributed along the 180° meridian, were studied in an effort to 
minimize possible longitudinal effects on the transitional field 
geometry. One core from the Atlantic Ocean (V30-45), however, 
was also included (Table 1). In each of the cores the Matuyama— 
Brunhes reversal was sampled by sawing successive 4-5 mm 
slices from the dried, split half of the core. Each slice was 
subdivided to give three independent specimens per strati- 
graphical level for measurement using a two-axis cryogenic 
magnetometer. Pilot specimens from the cores were subjected 
















Table 1 Boundaries, transition zone thickness, sedimentation rate and transition duration for each core 















Brunhes-Matuyama 


transition zone Sedimentation Standard Sedimentation Transitio 
Top Bottom Thickness rate* error” ratet ; 
Core Lat. Long. (cm) (cm) (om) (em kyr™') (em kyr7") (cm kyr’) 
“RCLO-182 45.37° N 177.5°E 820.7 832.3 11.6 1.10 0.063 LER 
V20-108 45.27° N 180.86° E 794.4 800.5 9.1 LHI 0.025 1.09 ; 
V20-107 43.24°N 181.48° E 525.3 $32.3 7.0 0.73 0.044 0.74 : 
20-104 37,18° N 18190 E 611.6 617.8 6.2 0.79 0.011 0.83 Bo 
30-45 6.18° N 340.44° E 622.3 624.8 23 0.53 0.020 0.722 4, 
RC15-21 1.33 N 227.41 E 830.6 835.7 5.1 0.98 0.015 LH x 
RC9-119 23.23°S 188.42° E 661.5 664.1 2.6 0.69 0.073 0.87 8 
RC9-114 33.41°S 194.98° E 875.4 | 882.7 7.3 1.2 e 1.2 ; 


* Calculation based on the depths of the Brunhes and Jaramillo reversals. 


+ Calculation with the origin included as a data point. 


to progressive alternating field (a.f.) demagnetization studies at 
2.5-5.0-mT increments up to 60 mT to identify the coercivity 
spectra of characteristic magnetization components. The remain- 
ing specimens were then demagnetized at the appropriate peak 
field level. 
` The results of blanket demagnetization at 10-20.mT produced 
records with inclinations in excellent agreement with the axial 
dipole field for the core site latitudes both above (normal) and 
“below: (reversed) the polarity transition zone. The internal con- 
“sistency of the data and the agreement of the observed directions 
with axial dipole field values indicates that the sediment has 
been an accurate recorder of the geomagnetic field. The data 
are presented in Fig. 1 as virtual geomagnetic pole (VGP) 
latitude versus age (the ages were determined based on the 
sedimentation rates of the cores) to allow comparison of results 
from different site latitudes. As the cores were not oriented when 
taken, it was assumed that the mean declinations for intervals 
exhibiting normal (reversed) polarity inclinations were equal to 
0° (180°). The entire declination record for each core was then 
























uniformly reoriented: to reach the best agreement with. thi 
assumption. VGP positions were calculated from the unit-ve 
mean’ of the three observed directions at each stratigraphica 
level. 
The criteria which are used to define the boundaries of polari 
transition zones have an important effect on the calcul 
thickness especially when dealing with detailed records? 
defining the boundaries as the depths at which the VGP po 
cross the +60° or +45° latitude" provides an objective defi 
it is clear in many of these records that transitional beh 
is recorded above and below these boundaries. The problem 
defining the depths at which the transition is first (last) recordes 
becomes one of distinguishing a transitional direction from 
reversed (normal) direction. We have, therefore, defined tl 
transition zones as including the depth levels at which the VG 
exceed the circular standard deviation’ (c.s.d.) of the mean 
VGPs of the reversed and normal polarity zones. The boundari 
defined in this manner and the resulting transition zone thickn 
for each core are listed in Table 1. 
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Fig.2 Time-depth plot for the cores. The depths of the Brunhes, 
Jaramillo and Olduvai reversals are indicated. 
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Fig.3 Durations calculated for each core, plotted as solid circles 
(Versus core site latitude. The duration obtained from the 
Matuyama~—Brunhes transition in V30-45 is plotted as an open 
circle, 
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Fig. 4 Durations predicted by quadrupole (a) and octupole (b) 
versions of a zonal flooding model plotted in time units versus 
4 latitude, 









Sedimentation rates for these cores were calculated based on 
the observed depths of polarity reversals (ref. 6 and N. Opdyke, 
personal communication). Only RC9-114 fails to penetrate a 
second reversal (Fig. 2). The tops of piston cores may not 
coincide with the sediment—water interface in some cases, and, 
therefore, the origin may not represent a valid data point, For 
three of the cores, RC10-182, V20-108 and V20~107, however, 
the rate calculated including the origin falls within the standard 
error of the rate calculated without the origin. This is a strong 
argument in favour of a constant rate of deposition for the past 
0.98 Myr.in these cores. The other three cores exhibit significant 
variation in the sedimentation rates when the origin is included. 
Therefore, we regard the best estimate of sedimentation rate 
across the Matuyama—Brunhes reversal (0.73 Myr) as that 
obtained by using the Brunhes and Jaramillo boundaries; dur- 
ations of the polarity transitions were calculated accordingly 
(Table 1). 

The largest source of error in the duration estimates probably 
lies in the sedimentation rate determinations. The standard 
errors of the sedimentation rate (Table 1) may be optimistic 
measures of the uncertainty in the sedimentation rates: for 
example, in the case of V20-104 the standard error suggests that 
the sedimentation rate of 0.79 cmkyr™! is accurate to within 
+0.011 cm kyr™', but the actual variation in the sedimentation 
rate as determined between each of the three reversal boundaries 
is 0.088 cm kyr™’ which can produce an uncertainty of 11% in 
the duration estimate, The uncertainty in sedimentation rates, 
combined with sampling resolution, however, is unlikely to 
account for the factor of 2 variation observed in the transition 
durations for these cores (Table 1). 

The duration of the reversal appears to be a function of site 
latitude with durations from mid-northern latitudes: about a 
factor of 2 longer than in the equatorial core (Fig. 3). The 
estimated duration of 4,300 yr from the Atlantic equatorial core 
(V30-45) is consistent with the estimates obtained from the 
Pacific cores, and suggests that the latitudinal dependency of 
durations may not be constrained to a particular longitudinal 
band. Southern Hemisphere coverage is confined to lower lati- 
tudes; an increase in duration with higher southern latitudes is 
suggested even though the shortest estimate was obtained from 
RC9-119 at 23° S. An apparent symmetry about the Equator (or 
at least about low latitudes) may exist, although it is clear that 
more records are needed to establish this trend fully. Those 
reversal duration estimates that are available are difficult to 
incorporate since, compared with the data presented here, most 
were obtained from very low-resolution records (sedimentation 
rates of only 0.16 cm kyr™') or from records with poor control 
on sedimentation rates'®. Even in cases where good time control 
is available'''?, the criteria used to define the transition zone 
boundaries can make up to a factor of 2 difference in the 
estimated durations’. These difficulties, combined with the prob- 
lems of differing sampling scales and laboratory techniques, 
provide the justification for considering the data presented here 
as an independent, homogeneous data set. 

Some of the transition records are characterized by smooth 
progressions from reversed to normal polarity directions (for 
example, V20-104 and V20-108), but commonly more erratic — 
behaviour is observed (V20-107 and RC15-21). The same erratic 
features are not recorded in nearby cores (<200 km away), 
casting doubt on their relation to geomagnetic field behaviour. 
These directions correspond to specimens in which the true 
transitional direction has not been properly isolated. Specimens 
from well outside the transition interval generally. exhibit 
straightforward demagnetization behaviour, with characteristic 
directions clearly defined by linear trajectories that converge to 
the origin. Specimens from within these transition zones, 
however, are more often characterized by very complex mag- 
netizations, making identification of a characteristic direction 
extremely difficult. In some specimens it was not possible to 
isolate confidently discrete components. Such behaviour is con- 
sistent with a model. of varying lock-in depths for magnetic 
grains of slightly different sizes'*. If the geomagnetic field during 




















“a reversal was changing more rapidly than a specimen thickness 

(45mm) of sediment was passing through the lock-in zone, 
then grains with overlapping coercivities within a thin strati- 
graphical level might have been locked-in at slightly different 
times thereby recording different field directions. A.f. demag- 
netization of such a specimen would not be able to isolate 
discrete components. Although this suggests that there may be 
problems with the detailed interpretation of transitional direc- 
tions with regard to geomagnetic field behaviour in low 
sedimentation rate cores (<1 cm kyr™!), the lack of a correlation 
between sedimentation rate and duration suggests that the vari- 
ation in transition duration is not strongly dependent on the 
magnetization process. Instead, the data presented here indicate 
that there is a dependence of transition duration on the site 
latitude as predicted by zonal transitional field models. 

The sense of the latitudinal dependence of durations, however, 
is different from that predicted by Williams and Fuller’s model 
of the Matuyama~Brunhes transitional field’*. The model of 
combined low-order zonal terms seems to give a reasonable 
account for many of the observed inclination and intensity 
records across the reversal. It would, however, predict that 
durations from the Southern Hemisphere should be significantly 
longer than those from low latitudes and the Northern Hemi- 
sphere; whereas the data presented here show mid-northern 
latitude durations. which are roughly twice as long as the 
equatorial and low-southern latitude durations. 

It is not immediately obvious why this discrepancy exists 
between the Williams and Fuller model of the Brunhes- 
Matuyama reversal'* and the results presented here. Some 
insight, however, might be gained from examining two very 
simple representations of transitional field geometries, one 
dominated only by a zonal quadrupole field and another by a 
zonal octupole field. These transitional fields are modelled using 
Hoffman’s® technique which is based on the Parker-Levy'* 1s 
approach to reversals. In this model the dipole field is simulated 
by placing a series of monopoles along a centred axis of length 
equal tothe diameter of the Earth’s core. Monopoles.on opposite 
sides of the Equator are assigned opposite signs. The reversal 
is modelled by progressively reversing the signs of the 
monopoles, beginning at the Equator (octupolar transitional 
geometry) or at one end of the axis (quadrupolar) and evaluating 
the field observed at the Earth’s surface for each of 200 configur- 
ations. For the 200 steps, each of which is arbitrarily defined as 
one time unit, the signs of two monopoles change. Relative 
durations are calculated by defining the boundaries of the transi- 
tion as the points when the VGPs. exceeded the normal and 
reversed polarity VGPs by 15° (by analogy to the c.s.d. of the 
core data). 

Both the quadrupole (Fig, 4a) and octupole (Fig. 4b) versions 
of the model exhibit a symmetry about the Equator, with 
equatorial durations being shorter than mid-latitude durations. 
We do not know whether a similar symmetry exists in the data. 
However, the difference between the mid- and low-latitude 
durations shows a striking similarity with the durations from 
the deep-sea core records and is consistent with the dominance 
of the transitional field by low-order zonal terms. Unfortunately, 
the similar sense of variation from low to middle latitudes in 
both the octupole and quadrupole versions of this model makes 
it difficult to distinguish between the two with the given data 
set. A diagnostic feature, however, is that the quadrupole version 
yields durations at any given nonpolar latitude which are far 
greater than the octupole model. Thus in the quadrupole model 
this change is a small percentage of the maximum observed 
duration. When this difference is scaled using the core duration 
data, the quadrupole model predicts unrealistically long 
(70,000 yr) durations at mid-latitudes. On the other hand, 
because the difference is a much larger portion of the total in 
the octupole model, it predicts durations much closer to the 
observed values (6,000 yr) at mid-latitudes. 

While there is a clear preference for the octupole model within 
the context of the narrow range of models considered here, 


-transitional fields are, of course, likely to be more complex than 


that described by a single zonal term. Until the pattern of 
duration with site latitude is more fully established, it will: be 
difficult to use the duration data to assess the contribution of 
addition terms. In particular, duration as well as transitional 
direction and intensity data from the Southern Hemisphere will 
be critical in constraining transitional field models. 
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The least incomplete records of Pleistocene climate change come 
from the study of deep-sea sediments in which the stratigraphic 
record of oxygen isotope variations, reflecting terrestrial i 
volume, is the primary correlation medium. On continents, the 
available record is far less complete because many of the chara 
teristics of glaciation are erosional rather than depositional. The 
areas of loess deposition may provide the best deposits in which 
to develop relatively complete regional stratigraphies that may be 
compared with the deep-sea record’, In this study we use ther- 
moluminescence (TL) dating of loess, and of soil developed: on 
loess, to test this model. We have confined ourselves to the last 
complete glacial cycle within which the reproducibility of the age 
determinations is similar to the time resolution of most deep-se 
core records, 

The selected site is in a disused brick pit (now used as the 
town’s rubbish tip) at Saint Romain on the plateau of the Pays 
de Caux, about 20km east of Le Havre. It is typical of the 
Normandy loess sites and a reference section for the ‘limons a 
doublets’. The section totals 15 m but we are concerned with the 
upper 5m. Figure 1 shows this part of the section, which. was 
sampled for TL dating (by A.G.W. and N.J.S.) in May 1982 
during and after a field excursion (led by J-P.L.). 

Sixteen samples (TL reference numbers QTL20a—p) were 
taken from the section which has been described elsewhere** 
The lowest samples p (450 cm) and o (420 cm) are from the 
‘older loess’ which lies below the Saint-Romain soil. The latter 
is distinguished from the underlying loess by its redness, its 
higher clay content and its polyhedric structure. It was first 
thought to be interstadial’ but subsequently has been described 
as a leached, brown interglacial soil*. It is overlain by a brown, 
lamellar, early Weichselian loam* containing evidence of slope 
wash and solifluxion processes. Three samples k (300cm), j 











Table 1 
; Bulk œæ-count rate Th U Sealed 

epth No. (ks7! em”) p.p.m.) (p.p.m.) Unsealed 
0 a 0.744 = 0.018 6.41.4 44404 1.02 
0 b 0.805 0.017 10.138 3820.5 0.96 
90 e 0.947 +0.015 1061.4 4.80.4 1.03 
0: d 0.931 + 0.013 991.3 4940.4 1.09 
50 e 0.759 + 0.013 95212 3.60.4 1.02 
$ f 0,862 + 0.012 W3ehd 3,940.4 1.01 
3: g 0,693 + 0.011 13412 2540.4 1,03 
210° h 0.743 40.014 9.6414 34404 0.97 
0 i 0.7174 0.016 9.01.5 340.5 0.87 
170 j 0.828 + 0.018 9.6%1,7 4.140,5 0.95 
300 k 0.813 + 0,018 9.81.7 3.9 0:5 0.96 
0 l 0,736.4 0.016 8.91.6 3.50.5 0.97 
0 m 0.764 0.017 T2415 4340.5 0.91 
0 n 0.702 £ 0.015 7.714 3.60.4 0.98 
0 o 0.726 + 0.012 7.41.0 390.3 1.10 
0) p 0.626 £0,012 78+ 1.2 3.0+0.4 1.03 


270cm) and i (240cm) were taken from this sediment, the 
per part of which is a marbled soil with orange and grey 
cks. Above this is a weakly bedded loess from which two 
mples, h (210 cm) and g (182 cm), were taken, At the top of 
oess is a soliflucted, tongued horizon with fossil ice wedges 
ch was very clearly marked in the section we sampled. Above 
s is finely laminated loess, known as limons à doublets. We 
collected one sample only 2cm above the hiatus, f (178 em), 
ind then another five samples at 30 cm intervals up to the base 
the. modern soil, e (150cm), d (120 cm), e (90 cm) and a 
0cm). All depths are measured from the top of the modern 
l: Heavy mineral analyses have been carried out on all the 
eposits*. An earlier study of the palaeomagnetic properties of 
ür samples from beneath the upper palaeosol® indicated nor- 
nal polarity, but no measurements were made higher up the 
ection. No pollen was found in the section, but detailed studies 
ave been made of the palacosol micromorphology. 








Thermoluminescence. results and radioactivity data for Saint-Remai 





K,0 Dose rate Age Y% CaCO, 

(%) (mGy yr!) (Gy) (kyr) 
1.96+0.01 3.91 49,3435 12.6% 1.3 39 
1.88 + 0.005 4.04 58.5421 lgi 1.3 73 
LBI + 0.009 4.45 61.24 1.6 13.7412. 1.0 
LBI £0,005 4,39 62.4 £ 2,0 14.2413 1.5 
1.80 0.005 3,84 42.7 + 1.6 fideo 2.6 
1.77 +0.02 4.15 68.1426 A E E 2.6 
1.47 £0.01 3.39 2544 1.0 75 46,5 23 
1.504 0.01 3.57 288 + 5.0 8047 33 
1.46. + 0.005 3.46 307 & 2.0 B88 3.7 
1.45 +.0.005 3.81 329% 1.9 8628 3.0 
1.61 +0.01 3.88 323+ 4.0 837 42 
1.69 + 0.01 3.69 442+ 2.0 120410 76 
1.71 + 0.007 3.79 4204.0 Hilaio 3.9 
1.65 +0.01 3.55 407% 11 {14410 3.0 
1.68 + 0.007 3.65 457 19 125411 3.7 
1.67001 3.32 462416 1394 12 2.0 


Three methods, described in detail elsewhere®, for obtaining 
the equivalent dose (ED) used in TL dating were used for the 
uppermost six samples (QTL20a-20f). The only difference in 
the laboratory procedure is the use of a Schott UGI1 filter, 
instead of a Corning 5-58 filter, as suggested by Debenham and 
Walton’. This enhances the TL signal observed from the feldspar 
component relative to that of quartz. Note that, whilst feldspars 
of volcanic origin show anomalous fading’, this phenomenon 
is rarely found in sedimentary feldspars. Another technical 
innovation is the use of | min preheating at 230°C to produce 
the glow curves shown in Fig. 2. 

The three methods agreed well; for example, for QTL20f the 
values were 67.6 + 3, 71+ 7 and 68.6% 11 Gy. The weighted mean 
EDs are given in Table 1 and used in the age calculation. Below 
180 cm the samples can only be dated by one of the methods: 
N+SL+ 8 in which the TL signal is regenerated after a long 
sunlamp exposure in the laboratory. The other methods cannot 
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Figi Correlation of loess deposition and soil formation, as dated by TL, and the. marine oxygen isotope. record, 
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Fig. 2 TL glow curves obtained using a t-min preheat at 230°C 

for sample QTL20h. N is the nautral TL, a is the natural TL 

after 450.min. exposure to a sunlamp and b, c and d are the 

“game. as a' but have received doses of 130, 260 and 325 Gy 
r respectively. 


be'applied since the TL response becomes non-linear for doses 
above 200 Gy, and they both rely on a linear dose response (for 
example, in QTL20g the TL sensitivity at the level of the natural 
TL is only 60% of its initial sensitivity). 

The contributions of the uranium and thorium decay chains 
to the natural environment were obtained by thick-source a 
counting’ each sample. The counts were performed both 
unsealed and sealed to look for radon emanation; only three 

“samples. show significant differences, two increased and one 
decreased. The ®K contribution was obtained from the total 
K0- content as determined by atomic absorption analysis. A 
water Content (defined as wt water/wt dry sediment) of 0.20 + 
0.05 was:used to correct the annual dose rate and allow for the 
fraction of the dose which is absorbed in the water rather than 
in the minerals. This is the range found for the water content 
of undisturbed loess in northern France at a depth >1 m from 
the surface'’. Table 1 gives analytical data and age estimates. 
The errors are calculated using the rigorous error analysis 
developed for TL dating of pottery’. The TL ages may be 
compared with the oxygen isotope stages''; the last interglacial 
being represented by substage Se, the extremes of the last glacial 
by stages 4 and 2, which are separated by the less cold stage 3, 
and the Holocene by stage 1. The age 115+ 10 kyr estimated for 

ay the Saint Romain soil, from three statistically indistinguishable 
values, is in excellent agreement with the accepted age of sub- 
stage 5e (about 126 kyr to 118 kyr in Fig. 1) as well as with the 
Gascoyne et al.'? uranium series date for the Ipswichian Hip- 
popotamus fauna in Yorkshire, UK (120 +6 kyr), The underlying 
loess yields estimates consistent with accumulation in late stage 
6, the preceding glacial stage. 

The three dates for the brown loam are again indistinguishable 
and show that it formed during substage 5a on a loess that must 
have accumulated during substage 5d and/or 5b. Wintle and 
Catt”? have shown that the A horizons of soils developed on 
loess can be dated by TL. It is thought that zeroing of the TL 
signal that had accumulated in the loess is caused by exposure 
to sunlight following the mineral grains being brought to the 
surface by bioturbation. Therefore, we are unable to estimate 
the duration of the soil-forming episode. The use of the phrase 















‘early Weichselian’ for such an interstadial soil in this- part o 
France is consistent with the correlation of the last interglacial 
with substage 5e and with the beginning of the Weichseli 
~110 kyr. This interpretation provides for interstadials whic! 
were of sufficient intensity to produce soils but which are sub 
stantially beyond the present upper limit of '*C dating'*. The 
data presented here supports Woillard and Mook’s'> correlatior 
of the Saint Germain I and Saint Germain H warm stages in 
the Grande Pile sequence with substages 5a and 5c. 
Above this loam the loess yielded age estimates of 75 +6.5 ky 
and 80+7 kyr, suggesting correlation with stage 4, a short bu 
intense glacial stage in the marine oxygen isotope record. The 
75-kyr date was obtained 2 cm below an obvious hiatus in the’ 
section. The sample collected in the loess 2 cm above the hiatu 
has a date of 16.44 1.5 kyr giving a gap of about 60 kyr. Th 
top 1.8m of loess was deposited rapidly, at a rate of at leas 
60 cm kyr™!. : 
Our dates suggest that it accumulated late in stage 2 (Fig: 1 
either at maximum ice advance or early in the succeedin, 
deglaciation. The dating of the beginning of deglaciation in th 
marine record is controversial, with opinions ranging from. 1 
to 13 kyr (ref. 16) so that the loess, for which our dates yiel 
mean of 13.8 kyr, may, in. fact, have accumulated after the 
level had risen by a significant extent. However, it was certai 
earlier than the stage 2-1 boundary whose age is well establishes 
close to 10.6 kyr (ref. 17). e 
The data. suggest that loess accumulated rapidly so that, al 
least in this section, it is very unlikely that as much as 10% 0 
late Pleistocene time was occupied by intervals of loess accumu 
lation. This suggests that loess accumulation may, in fact, hav 
occupied only. as small a proportion of Pleistocene time a 
interglacials did’. On the other hand, there may be other section 
in the region which fill some of the apparent time gaps in the 
Saint Romain section. It is puzzling that we find no loess dating 
to any part of the interval between 80 and 20 kyr, as we have 
dated a significant accumulation of loess in Belgium with an 
age around 57 kyr. Thus, data from more sections may well 
modify the present picture. 
The preservation. of evidence for interstadial and interglacial 
soil-forming intervals greatly enhances the value of a loess 
section, but other breaks may represent short or long intervals 
of intermediate climate. Correlation will be more accurately 
achieved by TL dating loess bodies in different sections than by 
regarding the breaks between them as time-horizons for which 
correlation from site to site is attempted. 
TL studies in Cambridge are financed by NERC grant 
GR3/3174. We thank Mr C. Solanki for making the TL measur 
ments and Mrs M. A. Miller for the potassium analyses. 
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alyses of various marine polychaete worms (phylum Annelida) 
reveal that members of the family Nephtyidae are exceptional in 
ontaining very high concentrations of calcium and phosphorus. 
e report here that in the genus Nephtys, the two elements form 
unded granules packing the sarcoplasmic core of obliquely stri- 
ated muscle cells. Intracellular calcium granules rich in phos- 
phorus are found throughout the animal kingdom and occur in a 
ide range of tissues’”. Although some examples of granules in 
muscle tissue have been recorded (as in Syllis proventriculus’), as 
far as we are aware, none appears in the abundance found in 
Nephtys. 
;Nephtyid polychaete worms are found worldwide and are 
one of the commonest carnivores inhabiting sediments from the 
tertidal zone to abyssal depths. The family Nephtyidae com- 
prises about 100 species; these are grouped in four genera but 
most belong to the genera Nephtys and Aglaophamus’. To date, 

L species have been analysed and all show a similarly high 

content of calcium and phosphorus: on a dry weight basis, whole 
bodies contain 2-5 calcium and 2-4% phosphorus (Table 1). 
In contrast, non-nephtyid polychaetes generally contain less 
than 1% of both elements (38 species in 25 families have been 
examined). The observations presented below relate to two 
European species, Nephtys hombergi and Nephtys caeca, but it 
is thought that all nephtyids have the same basic structure. N. 
caeca is the largest of the European species, growing to 25 cm 
long, and has a lifespan of up to 7 yr; N. hombergi is smaller, 
living up to 5 yr’. 
-> The reason for the high calcium and phosphorus contents of 
Nephtys is readily apparent when any muscle tissue is examined. 
In fractured body sections, the main longitudinal blocks of 
muscle that form the dorsal and ventral body wall, for example 
(Fig. 1a,b), contain numerous granules disposed in elongate 
bundles (Fig. 1c). Teased fibre preparations show that these 
granules form ribbon-like structures (Fig. Id) extending 
throughout the middle four-fifths of most fibres which measure 
up to 1 mm long. The closely packed arrangement of the granules 
gives the ribbons a ‘cobble-stone’ appearance. The granules are 
somewhat variable im shape and size but most are oval to 
elongate, 0.5-1.0 um in diameter and up to 3 um long, for the 
most part aligned along the length of the fibre. 

: Thin sections of Nephtys muscles show that the fibres are 
flattened and obliquely striated, similar to other polychaete fibres 
(Nereis®, Glycera” and Sabella®), but differing in having a sarco- 
plasmic core filled with granules and mitochondria (Fig. 2). The 
hardness of the granules causes them to fracture on sectioning 

ig. 2a); no internal structure, such as concentric rings, is 
ipparent. When decalcified, most granules can be seen to be 
membrane-bound with a diffuse internal matrix, often with a 
distinct, near-central ‘nucleus’ (Fig. 2¢,d). The close juxtaposi- 
tion of the granules and mitochondria is a conspicuous feature. 
~ Opaque inclusions in the muscle fibres of Nephtys were recor- 
ded by several early investigators, notably Claparède? who 
thought they might be composed of fat. However, granules 
solated from tissue homogenates prove to be composed largely 
of calcium and phosphorus (Fig. le; Table 2). The mean Ca/P 
atom ratio of N. caeca granules exceeds 1.6 (Table 2), suggesting 
hat the principal component of the granules is hydroxyapatite 
Ca;(PO,)2};Ca(OH), (Ca/P = 1.67), possibly with an admixture 
of tricalcium orthophosphate, Ca;(PO,), (Ca/P = 1.5). In H,0,- 
reated granules, calcium and phosphate together account for 
about 90% of the residue after ashing; other components include 












Table Calcium and phosphorus concentrations in species of Nephtys, 
Nereis and. Glycera 





Concentration 
(% dry tissue) 
Species Site Tissue Ca P 
Nephtys hombergi A Whole body 5.14 3.32 
Nephtys cirrosa A Whole body 4.75 3.44 
Nephtys caeca B Whole body 4,13 2.19 
C Whole body 3.16 2.13 
Nephtys caeca ciliata fe Dorsal body wall* 10.15 6.54 
C Ventral body wall* 10.65 6.88 
Nereis diversicolor D Whole body 0.154 0.567 
Nereis virens E Whole body 0.136 0.655 
Glycera gigantea F Whole body 0.608 0.830 
Glycera convoluta G Whole body 0.429 0.677 





Sites: A, Place Cove, Fal estuary; B, Salcombe; C, Yealm estuary; 
D, Avon estuary (Devon); E, Plymouth; F, Eddystone shell gravel; G, 
Par Sands. Worms were maintained in acid-washed sand in seawater 
for several days, then transferred to seawater for 1 day. Worms and 
tissues were dried at 80°C, wet-ashed in HNO, and, after evaporation, 
dissolved in 50% HCI subsequently diluted to give 1M HCl. Metal 
analyses were performed by flame atomic absorption; an ammonium 
molybdate method'* for orthophosphate was used for phosphorus 
determinations. 

* 10 Mid-body segments. 


magnesium and strontium (Table 2) and a significant amount 
of chlorine (Fig. le). 

The presence in Nephtys of these phosphorus-rich calcium 
granules poses interesting problems as to their formation and 
function. Their formation seems to involve mitochondria as 
calcium phosphate deposits have been detected in mitochondria 
in the muscle fibres of both adult and juvenile worms (Fig. 2b) 
and, further, the mitochondria are usually in close contact with 
the granules (Fig. 2¢,d). 

The granules account for about 10% of the wet muscle mass 
or ~50% of the dried tissue (assuming muscle forms 70% of 
the body wall and contains most of its calcium—see Table 1); 
in such quantity, it is doubtful that the granules are simply a 
means of storing calcium phosphates. Further, the granules do 
not seem to be involved primarily in the detoxication of trace 
metals as worms from a highly metallic site (Restronguet Creek, 
Fal estuary'°) do not contain enhanced calcium and phosphorus 
concentrations and, also, there is no evidence for accumulation 
with age because a similar range of levels is found in all size 
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Table 2 Composition of Nephtys muscle granules 





Concentration (% of ash) 
Soluene-treated H,0,-treated 





Ca 34,46 36.38 

P 16.42 17.49 
PO, 50.34 53.64 
Mg 1.75 0.275 
Sr 0.0569 0.0514 
Ca/P atom ratio 1.62 1.61 


naman annan 

Large specimens, ~15 cm long, of N. caeca were used as a source of 
granules for this analysis. Whole specimens, previously deep-frozen, 
were placed in near-boiling distilled water for 15min to facilitate 
removal of muscle. After homogenization and centrifugation, adhering 
organic material was removed from the granules by treatment with 
Soluene-100 (ref. 1) or H,O, (30% w/v) at 50°C for 65h. Soluene- 
treated granules were washed in toluene, followed by ethanol; H,O,- 
treated granules were washed in water. Both sets were then dried at 
85°C and converted to ash overnight at 450°C. The ash was dissolved 
in IM HCI before analysis (see Table 1). Conversion to ash resulted in 
a weight loss of 8.35% in Soluene-treated granules and of 20.57% in 
H,0O,-treated granules; ashing did not appear to change the Ca/ P atom 
ratio significantly. 
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Fig. 1 a-d, Scanning electron 
micrographs of N. hombergi tissues. 
Freeze-fractured transverse sections 
of: a, mid-body segment, anterior 
view, showing main muscles (c, 
chaetal sac; dl, vl, dorsal and ventral 
longitudinal muscles, respectively; g, 
gut; o, oblique muscle; p, parapodial 
muscle); b,c, ventral longitudinal 
muscle showing arrangement and 
orientation of granule ribbons. d, 
Side view of two teased fibres show- 
ing the shape and size of granules in 
ribbons. Scale bars: a, 100 um; b, 
50 um; c, 10 um; d, 2 pm. All tissues 
were taken from 30-40 mm-long 
specimens fixed in glutaraldehyde 
and formalin in seawater, post-fixed 
in osmium, acetone-dehydrated and 
critical point-dried. a-c, Freeze- 
fractured after post-fixation; d, 
teased after drying; e, typical spec- 
trum obtained by X-ray micro- 
analysis of N. caeca granules (H,O>- 
treated). K-line peaks for Ca, P and 
CI are indicated. 


groups. Rather, the quantity and arrangement of the granules 
suggest that their role is structural. 

The granules are present in Nephtys of all sizes, even in 
recently settled juveniles measuring | mm long, thus they seem 
to be an integral part of the musculature with an important role 
in movement. Swimming and burrowing in relation to the muscu- 





Fig. 2. Transmission electron micrographs of transverse sections 
of dorsal longitudinal muscle from N. hombergi. a, Central portions 
of two fibres showing myofibrils surrounding granule ribbons 
within the sarcoplasmic core. b, Granule (g) and mitochondrion 
(m) with electron-dense calcium phosphate deposit (determined 
by X-ray microanalysis). c, d, Appearance of granules and associ- 
ated mitochondria in section after decalcification. All scale bars, 
0.5 wm. Muscle was fixed in glutaraldehyde and formalin in sea- 
water, post-fixed in osmium, acetone-dehydrated and stained with 
lead citrate after sectioning in Spurr resin; sections c, d were 


* decalcified with 2% ascorbic acid after post-fixation’®. 






4 





Counts (x11000) 











Energy (keV) 


lature of Nephtys have been extensively investigated''''*. Mem- 
bers of the genus Nephtys are among the most active of burrow- 
ing polychaetes: Nephtys cirrosa, for example, has been shown 
to be capable of burrowing 30 times faster than the ragworm 
Nereis diversicolor”, this difference is perhaps not surprising as 
Nephtys is more muscular and less compressible than Nereis’. 
The robust character of Nephtys may derive, at least in part, 
from the granular packing of all muscles. The granules form 
numerous ribbons that interleave with the contractile elements. 
On contraction the ribbons will be compressed, thereby impart- 
ing a degree of rigidity to the whole muscle. Most ribbons in 
the main dorsal and ventral longitudinal muscles are flattened 
in the vertical plane (Fig. 1b), an arrangement that permits the 
lateral sinusoidal movements used in locomotion but resists 
dorso-ventral flexion, no doubt an advantage when effecting 
penetration of sediments. 

No comparable accumulation of calcium phosphate in muscle 
cells is known in the animal kingdom. We suggest that a novel 
flexible skeleton has evolved in Nephtys as an integral part of 
its highly successful burrowing mechanism. 

We thank Professor K. Simkiss and Drs. J. A. Nott and R. 
Terwilliger for reading drafts of the paper, and P. L. Pascoe 
and G. R. Burt for technical assistance. 
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_ Segments in the Drosophila adult are divided into clonally distinct 
interior and posterior compartments'~*. Mutations at the engrailed 
ocus can affect the pattern of cuticular structures in the posterior 
compartments of segments, but have no obvious effect on anterior 
-structures*"'?; for example, bristles that are normally seen only 
_on the anterior wing margin in wild-type flies can be found on the 
posterior margin of engrailed wings. These and clonal analysis 
data led to the hypothesis that engrailed causes a transformation 
-of posterior to anterior identity in the wing cells“. Despite some 
Striking examples of this transformation, a common engrailed 
phenotype is the disruption or elimination of posterior pattern 
elements, without a clear replacement by anterior structures* 
this, together with indications that localized cell death can mimic 
-some of the observed posterior-to-anterior transformations’, has 
led some investigators to question the original engrailed 
hypothesis'”. Recently, monoclonal antibodies displaying region- 
‘Specific binding patterns on the wing imaginal disk have been 
described'*~"’, and one of these antibodies in particular provides 
a. novel probe for the engrailed phenotype in the larval precursors 
f the adult wing. Here I compare the antibody binding patterns 
on engrailed and wild-type wing disks. The results strongly support 
the notion that engrailed mutations cause a posterior-to-anterior 
ransformation in these cells. 
_ In late third-instar larvae, the wing imaginal disk is a flattened 
epithelial sac (Fig. 1). Most of the cells that will contribute to 
tecognizable adult structures can be found on the columnar 
epithelium on one side of the disk, and the pattern of the adult 
structures can be fate-mapped onto this face of the disk in two 
dimensions'®, From this map, the axes of the disk (that is, 
‘anterior/ posterior, dorsal/ventral, proximal/distal) are defined 
ith respect to the locations of the structures in the adult fly. 
large central pouch contains the precursors of the adult wing 
blade, with the more peripheral regions of the disk giving rise 
to proximal thoracic structures. The individual cells are mor- 
‘Phologically very similar in different regions of the disk”. 
‘Recently, however, three classes of position-specific (PS) mono- 
clonal antibodies have been isolated which show non-uniform 
patterns of binding to the wing disk epithelium'®'’. These anti- 
bodies recognize biochemically related complexes of cell-surface 
glycoproteins'®*”° and the expression of these antigen complexes 
appears to be related not to the type of adult structure that a 
particular disk region is specified to make, but rather to position 
the epithelium. Antibodies of the PS2 category show distin- 
guishable patterns of binding to the anterior and posterior halves 
of the wing imaginal disk. These patterns are reproducible in 
detail and, unlike other disk cell markers*', do not seem to be 
altered by genetic changes that do not affect the adult pattern. 
For example, the mature wing disk immunofluorescence pattern 
is similar in related species of Drosophila and in mutants, such 
as Minutes, that alter growth without altering the adult pattern 
{unpublished observations). Thus, PS2 antibodies provide a 
useful marker for the effects of engrailed mutations in the 
undifferentiated epithelium. 
In the wild-type wing pouch, there is strong PS2 immuno- 
fluorescence on the ventral part of the disk, with some weakly 
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Fig. 1 Late third-instar wing imaginal disk stained with a mono- 
clonal antibody that binds to all of the epithelial cells. The deep 
wing pouch (wp) in the highly folded epithelium contains the 
precursors of the adult wing blade, while the more peripheral 
regions will form proximal structures of the mesothorax'®, Non- 
epithelial muscle precursors (adepithelial cells, ac) are found over 
the presumptive notum; these do not stain with this antibody. 
In this and subsequent figures, anterior is to the left, posterior 
to the right. 


fluorescent patches in the dorsal half'® (Fig. 2). These dorsal 
patches show antero-posterior asymmetries, the most note- 
worthy being a large patch of fluorescence in the posterior half 
of the central (presumptive distal) wing pouch. In engrailed 
disks, this posterior patch is absent, so that the posterior wing 
pouch looks very similar to the anterior half. In the most 
peripheral (presumptive proximal) regions, the PS2 pattern 
shows clear antero-posterior asymmetries in the ventral half of 
the disk'®; these patterns are similar in both wild-type and 
engrailed disks (not shown). This finding is consistent with the 
observation that the cuticular derivatives of these cells show no 
clear mutant phenotype in engrailed adult flies*. 

At the end of the second larval instar, the wing disk epithelium 
is a smooth sac of 2,000-3,000 cells, compared with about 50,000 
cells in the highly folded mature disk. The PS2 immunofluor- 
escence pattern is also relatively simple in the early disk, and 
in the ventral half displays a sharp antero-posterior difference 
in intensity’? (Fig. 3). This sharp difference is not seen in 
engrailed disks; the fluorescence intensity in the posterior half 
is greatly increased, typically giving these disks a double-anterior 
appearance. 

The engrailed phenotype in late third-instar wing disks is 
consistent with the posterior-to-anterior transformation hypo- 
thesis, but does not exclude other possibilities. Because the 
observable differences in the mature disk are localized and 
assayed relatively late in development, it is difficult to rule out 
the possibility that they result from a regulative response to 
localized areas of cell death induced by the engrailed mutation, 
as opposed to a transformation of cellular identity. It is much 
more difficult, however, to explain the PS2 pattern in engrailed 
second-instar disks by mechanisms that invoke local cell death 
or general pattern disruption. To produce and maintain *?? 
extensive pattern alteration via localized death and regulation 
would require major changes in cell proliferation patterns in 
the posterior compartment, and clonal analyses have not 
detected the predicted changes®”. Moreover, the enhanced pos- 
terior fluorescence in second-instar engrailed disks encompasses 
a large fraction of the wing primordium yet does not extend to 
the posterior dorsal cells, whose anterior counterparts also are 











Fig. 2 PS2 immunofluorescence on wing pouch regions of late 
third-instar disks from wild-type (a) and en'/en’ (b) larvae. 
Intense fluorescence is observed in all of the ventral (upper) half 
of the pouch. In the dorsal half, a large patch of fluerescence is 
observed in the posterior region of the wild-type pouch (arrow). 
The patch is absent from the engrailed disk (b). The disappearance 
of this patch from the distal (central) wing pouch is the only clear 
evidence of transformation detectable in the mature disk using the 
PS2 antibody. Morphologically, the posterior region of the wing 
; pouch i is typically enlarged in engrailed disks, making the pouch 
appear morè rectangular. t, Trachea. Scale bar, 25 pm. 
Methods: The generation of antibodies and the immunofluor- 
escence procedures used here have been detailed elsewhere'® 
Briefly, wing imaginal disks. were dissected in Drosophila Ringer's s 
solution and stained with a nitro blue tetrazolium solution which 
makes the disks opaque and lightly fixes them. Then the disks were 
‘incubated in PS2 antibody (CF.2C7), washed, incubated in 
fluorescein-conjugated goat anti-mouse y-globulin (Antibodies 
Incorporated), washed, and fixed in formaldehyde. Although not 
shown, the disks were subsequently incubated in an antibody 
(CF.7A6) that binds to all of the epithelial cells (Fig. 1) and which 
was labelled with a different fluorochrome. This allows visualiz- 
ation of the disk morphology and also controls for possible permea- 
bility artefacts. The disks were mounted in 0.2-5%. n-propyl gallate 
to reduce fluorescence bleaching” and viewed by epi-illumination 
on a Zeiss photomicroscope. Photographs were taken with Kodak 
Tri-X film developed at ASA 1600. The flies used were the Barton 
wild-type strain of Drosophila melanogaster and en'/en' homozy- 
gous animals. Although the fertility of en'/en' crosses is very low 
(probably due to engrailed effects in the genitalia' 4, homozygous 
larvae could be generated by mixing large numbers of en! virgins 
and males, obtained from an en'/Cy0 stock. 


not strongly fluorescent. This precision in the transformation 
argues against a mechanism involving a general disruption of 
pattern. Indeed, because the PS2 antigen allows one to assay 
such a large fraction of the wing cells at such an early develop- 
mental stage, the results from the second-instar disks provide 
perhaps the strongest evidence to date that mutations at the 
engrailed locus effect a transformation of cells in the posterior 
compartment to anterior identity. 

-While the transformation seen in the early wing disk, as 
monitored by the PS2 antibody, may be better than that seen 
‘in the wing soe it still is not complete. Although the posterior 











































Fig. 3 PS2 immunofluorescence on late second-instar wing disks ` 
from wild-type (a) and en'/en' (b) larvae. Over much of the 
wild-type disk the fluorescence is more intense on the anterior 
(left) half of the epithelium, with a sharp boundary (arrows) ` 
separating this region from the more weakly staining posterior 
(right) half. In the engrailed disk, this boundary has disappeared, 
with bright immunofluoreseence extending into the posterior 
region. There is relatively little staining in the dorsal (lower) half 
of the disk, except for the adepithelial cells (ac). Second-instar 
disks are very simple in morphology; the location of the anterior 
side is determined by the position of the tracheal branch: Scal 
bar, 25 um. 















fluorescence is greatly increased in engrailed disks, it is some- 
times not as intense as the anterior fluorescence. Furthermore, 
in both the late wing disk and its adult derivatives, proxim 
regions are largely unaffected. The lack of a perfect posterior 
anterior transformation was once thought to be due to leakiness 
of the original engrailed (en') allele’*°. However, clonal ana- 
lyses have recently shown,that the wing transformation induced 
by lethal (apparent null) alleles at the locus is no more complete 
than that caused by en’ (refs 10-12). Thus, while mutations at 
the engrailed locus can cause cells in the posterior compartment 
to become more anterior-like, the notion that the engrailed locus 
alone provides a direct anterior—posterior binary switch control- 
ling the developmental regulation of cells, is probably an over- 
simplification, It seems likely that other genes, perhaps acting 
in concert with the engrailed gene, also are involved in specifying 
posterior as opposed to anterior development. 
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The use of retrograde axonal transport of various substances (for 
xample, enzymes, lectins, synthetic fluorescent compounds) has 
yielded much information on the organization of neuronal path- 
ways. Each type of retrograde tracer has its own set of attributes 
which define the scope of problems it can address'~*, We describe 
here a new class of retrograde tracer, rhodamine-labelled fluores- 
ent latex microspheres (0.02—0.2 jm diameter), which have dis- 
inct advantages over other available tracers for in vivo and in 
vitro applications. When injected into brain tissue, these micro- 
heres show little diffusion and consequently produce small, 
harply defined injection sites. Once transported back to neuronal 
somata, the label persists for at least 10 weeks in vivo and 1 yr 
after fixation. Microspheres have no obvious cytotoxicity or photo- 
foxicity as assessed by intracellular recording and staining of 
etrogradely labelled cells in a cortical brain slice preparation. 
This approach was further used to visualize and compare, in cat 
isual cortex slices, neurones with different projection patterns, 
and revealed significant differences in patterns of intrinsic axons 
ind dendrites. These properties of microspheres open new avenues 
‘or anatomical and physiological studies of identified projection 
ieurones in slices as well as in dissociated cell cultures. 
~The methodology for obtaining retrograde labelling was 
studied by injections into the visual cortex (area 17, n = 40) and 
orpus callosum (n = 3) of adult rats. The first 20 rats were used 
o establish parameters such as the concentration and volume 
of microsphere suspensions, microsphere size, survival time and 
histological procedures. The 23 remaining rats were used to 
ascertain the effective injection site and to test for uptake by 
fibres, pathway selectivity, long-term survival effects and toxic- 
ty. Using a standardized protocol (see Fig. | legend), 21 of the 
3 rats injected showed retrograde labelling. 

Injection sites, 50-200 um in diameter (Fig. la), remained 
milar in size at 6 h or 10 weeks post-injection. Their restricted 
xtent probably results from the relatively large size (on a 

molecular scale) of the microspheres, and the binding properties 
f their hydrophobic surfaces (for example, their tendency to 
tick to cell membranes). Semi-thin sections of the injection site 
evealed apparently healthy tissue and normal-looking 
\eurones; the only signs of injury were numerous microsphere- 
lled macrophages invading the electrode track. 
«Injections into area 17 resulted in retrograde labelling locally 
within area 17, in cortical areas outside area 17, and subcorti- 
cally. We measured the extent of retrograde labelling in the 
ateral geniculate nucleus (LGN) to estimate the effective site 
f microsphere uptake. Injections into the peripheral representa- 
ion of the upper visual field typically produced a cluster (0.15- 
.3mm_ across) of labelled LGN neurones. The part of the visual 
ld represented by such a cluster corresponds with the area 
ncluded in the cortical injection site**; thus, the injection site 
oundaries delineate the effective site of uptake. 
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Retrograde transport was obtained after 12-h survival times, 
improved over 48h and remained completely unchanged in 
extent or quality even after 10 weeks survival time. 

The results of injections in area 17, typically including layer 
IV and parts of layer I/ITI, were compared with published 
horseradish peroxidase ( (HRP) labelling (HRP is transported by 
virtually all neural pathways’). The known connections of rat 
area 17° were all labelled, suggesting that microsphere uptake 
and transport is not selective for specific neuronal pathways. 
These injections also labelled a previously undescribed set of 
intrinsic connections within area 17. When the injection site was 
about 150 um in diameter, labelling was seen immediately sur- 
rounding the injection site; in layer V, retrogradely labelled cells 
were spread over an area about five times the diameter of the 
injection site. Upper layer VI was generally free of label. In 
sharp contrast to this, cells in lower layer VI were found in an 
area about 10 times the diameter of the injection site (Fig. 1b). 
The lateral extent of label in layer V and lower layer VI indicates 
that these neurones have widespread lateral axonal connections 
(A.B. and L.C.K., unpublished observations), consistent with 
the morphology of some layer V and VI cells in cat area 17’. 
Label in the extrastriate visual areas 18a and 18b included layers 
I-VI. Subcortical label was observed in the ipsilateral LGN 
(Fig. Id) and in the lateral posterior thalamic nucleus. Micro- 
spheres are also transported by broken axons. Injections into 
the corpus callosum resulted in many densely labelled pyramidal 
cells in layers 1/11, V and VI throughout the cortex (Fig. le). 
When, in one experiment, instead of injecting the corpus cal- 
losum, 4 wl of microspheres were placed on top of it, no retro- 
grade labelling was produced. This suggests that although 
severed fibres take up and transport microspheres, unbroken 
fibres of passage do not. 

In all labelled neurones, label, confined to the cytoplasm, 
filled the soma and the proximal dendrites (Fig. 1c, d, f) with 
a granular fluorescence, leaving nuclei unlabelled. 

All structures which contained retrogradely labelled cell 
bodies are reciprocally connected to area 1768, but close examin- 
ation failed to reveal any evidence of anterograde labelling. The 
same negative result was found in the superior colliculus, a 
known target of layer V pyramidal cells’. Thus, at the level of 
the light microscope, microspheres are an exclusively retrograde 
tracer. 

Retrograde labelling of cat area 17 pyramidal cells, combined 
with an in vitro brain slice preparation, was used to study the 
morphology and distribution of the dendritic and axonal arbors 
of LGN”? and claustrum-projecting'' cells co-localized within 
layer VI. Three days after microsphere injections into either the 
LGN or claustrum, slices of area 17 were prepared and micro- 
sphere-labelled cells were intracellularly injected with Lucifer 
yellow (Fig. | legend). Fifty LGN-projecting cells (in 4 cats) 
and 30 claustrum projecting cells (3 cats) were analysed. All 
the double-labelled neurones showed normal resting, synaptic 
and action potentials whose size (45+5mV compared with 
42+5 mV) and time course were indistinguishable from those 
of unlabelled neurones. Morphologically, the double-labelled 
cells showed no evidence of degeneration in axons, dendrites 
or dendritic spines (Fig. 1f). Thus, microspheres did not have 
obvious toxic effects, and intermittent illumination with 
rhodamine excitation wavelengths in vitro for several minutes 
did not seem harmful. Comparison of these two efferent projec- 
tion classes revealed striking differences in the laminar distribu- 
tion of dendritic and intrinsic axonal arbors (Fig. 2). Claustrum- 
projecting cells had roughly half as many basal dendritic arms 
(3-5) as did LGN-projecting cells (6-8). The apical dendrites 
of claustral-projecting cells reach to layer I with branches in 
layers VI and V only; LGN-projecting cells branched in layers 
VI, V and IV, but did not reach above layer III. Finally, all 
claustrum-projecting cells.had fine, horizontally directed axonal 
collaterals that extended for up to 1mm within layer VI. In 
contrast, LGN-projecting neurones had very few axon col- 
laterals within layer VI, but exhibited thick, ascending processes 
which terminated in layer IV. These two classes therefore not 














































Fig. 1 Retrograde labelling by fluorescent rhodamine latex micro- 
spheres. a, Injection site, 100 pm diameter, produced by injection 
of 0.02-0.05 ul of microsphere suspension into layer IV of rat visual 
cortex. b, A patch of cells in layer VI in area 17, at the grey/white 
matter border, labelled after an injection ~400 ym away that 
included layers IH and IV. c, Labelling of layer V pyramidal cells 
in area 18b after area 17 injection. Note labelling of apical and 
basal dendrites, low background and distinctive granular appear- 
ance of label. d, Lateral geniculate nucleus labelling after an area 
7 injection. e, Dense retrograde labelling of pyramidal cells in 
layers I/II after corpus callosum injection, indicating transport 
by broken axons. f, LGN projecting neurone in layer VI of area 
17 from a cat in vitro. cortical brain slice preparation, retrogradely 
labelled with microspheres and intracellularly injected with Lucifer 
yellow; the soma, dendrites and dendritic spines appear normal. 
Inset: Single exposure micrograph of microsphere-labelled soma. 
Seale bars: a, 100 um; b, c d, f, 20pm; e, 50 pm. 
Methods: An aqueous suspension of rhodamine-labelled acrylic 
microspheres (0.02-0.2 um in diameter) was obtained from Dr 
Boyse Burge, International Diagnostics Technology (Santa Clara, 
California). Anaesthetized rats were injected with 0.02~0.1 pl of 
microsphere suspension using a glass pipette with 30-50 um tip 
diameter. After survival times of 24-72 h, rats were re-anaesthetized 
and perfused with phosphate buffer (0.1 M) followed by 4% para- 
formaldehyde in 0.1 M phosphate buffer (pH 7.4) (glutaraldehyde 
can be used as a fixative, although the resulting higher background 
may make microsphere labelling more difficult to discern). After 
‘the brains had been sunk in 30% sucrose in buffer, 30 ym sections 
were cut on a freezing microtome, collected in phosphate buffer, 
mounted on gelatinized slides and either air dried or inspected 
wet. Brief dehydration (30s, 100% ethanol, after air drying), fol- 
lowed by clearing in xylenes (60s) and mounting in Fiuoromount 
(Gurr) or Krystalon (Harleco) often significantly improved the 
visibility of label. However, longer exposures to ethanol, and in 
particular to xylenes, causes serious deterioration of the fluores- 
cence. Observations were made using a rhodamine filter combina- 
tion (Zeiss filters, exciter BP 510-560, beam splitter FT 580, barrier 
LP 590) on an epifluorescence-equipped microscope. Labelled 
neurones are readily visible in sections prepared over | yr pre- 
viously, stored either dry in the dark or unmounted in 4% formal- 
dehyde in phosphate buffer at 4°C. Cat cortical slices (400 um 
thick, coronal sections) were prepared and maintained using essen- 
tially standard hippocampal slice techniques**. For intracellular 
recording and staining, slices were transferred to a chamber on 
the stage of an epifluorescence-equipped compound microscope. 
Microsphere-labelled cell bodies can be seen in living tissue even 


at low magnifications (x100 or x160). Cells in layer VI were impaled with micropipettes filled with 20% 
(final resistance 100-150 MQ). Neurones with stable resting potential 


only presumably receive different afferent inputs via different 
dendritic patterns, but their non-overlapping intrinsic axon pat- 
terns indicate participation in distinct circuits within area 17, 
and may be involved in the extraction of feedback (to the LGN) 
and feedforward (to the claustrum) signals. 

The mechanism(s) by which microspheres are taken up and 
transported are unknown. However, not all latex microspheres 
are retrogradely transported. Experiments with coumarin- 
labelled carboxy-activated (0.05 pm diameter) or plain poly- 
styrene (0.1 pm diameter) microspheres (Polysciences) pro- 
duced no observable labelling; neither did larger-diameter 
microspheres (>0.2 pm) of the type described here. Thus, both 
the size and surface properties’? may play a part. Latex micro- 
spheres can bind many proteins, including antibodies, non- 
covalently (which is the basis of most latex particle agglutination 
tests"); possibly, microspheres below a certain size can enter 
synaptic clefts, and interactions between molecules on synaptic 
surfaces and hydrophobic groups on the microsphere’s surface 
could trigger an endocytotic event'* (endocytosis of latex parti- 
cles by many cells, including amoebae’ and platelets’®, is well 
known). Endocytotic vesicles containing microspheres may then 
be transported by fast retrograde transport’’, The uptake by 
broken fibres may be explained by the formation of growth 
cones at the proximal ends of severed axons'®, followed by 
internalization and subsequent retrograde transport of micro- 


s and action potentials of at least 35 mV amplitude were filled with dye by. 
passing hyperpolarizing current pulses (3 nA, 200 ms, 4 Hz, 1-10 min). Slices were fixed in phosphate-buffered 10% formalin for at least 2h 
and processed as described for brain sections (except that the sections were 60 ym thick). 


Lucifer yellow (Aldrich) in Q.1 M LiCl 


spheres bound to membrane components'®. Microspheres are 
probably transported packed in vesicles, because naked latex 
microspheres with similar negative charge move only in the 
anterograde direction when injected directly into axons'”, This 
however, does not rule out vesicle-bound anterograde transport 
of microspheres, which may have remained undetected”. 

The resistance of these rhodamine-labelled microspheres to 
fading under illumination, and their non-phototoxicity within 
cells are probably related, as the relationship between bleachin 
time and killing time is usually linear*’, Both photodynami 
damage and bleaching depend on the presence of molecula 
oxygen”? and probably result from the formation of free radicals 
Hydrophobic polymers, by restricting the access of molecular: 
oxygen to the rhodamine dye in the interior of the microspheres 
could greatly attenuate the formation and resultant phototoxicit) 
of destructive free radicals. 

These microspheres exhibit a variety of characteristics avail- 
able in very few tracers. The highly restricted injection sites, 
the compatibility with all known retrograde and anterograde’ 
tracers and with immunocytochemical procedures (A.B., R. W: 
Baughman and L.C.K., in preparation) makes microspheres par. 
ticularly useful for the study of local circuitry within or between: 
brain areas. The exceptionally tong stability of this label makes 
it attractive for developmental studies on the reshaping of. pat 
terns of axonal connections and as a marker in transplantation: 





dies. The most outstanding property of this tracer, however, 
that. the viability of neurones is unaffected by transported 
rospheres. Fluorescent microspheres can therefore be used 
"in vitro studies of identified projection neurones and their 
lẹ in cortical circuits, Preliminary experiments indicate that 
icrosphere labelling can also be used as a marker for dissoci- 
ated neurones in culture isolated ina fluorescence-activated cell 
ter (J-E; Huettner and R. W. Baughman, personal communi- 
ion). : 
Although numerous approaches exist for identifying neuronal 
ell classes, very few of those presently available can be used 
study living cells. Recently, a specific cell-surface marker has 
en used to study the physiology of identified neurones in 
ture”. The approach described here may provide an attractive 
ernative for the visualization and physiological study of pro- 
ction neurones. 
e thank Drs. M. Konishi and D. Van Essen for their labora- 
facilities and support, and Drs J. Nerbonne and J. P. Revel 
or electron microscopic analysis of the microspheres. This work 
as supported by grants from the Caltech President’s Venture 
nd (to M. Konishi) and the Swiss National Foundation (A.B.), 
ind an NSF predoctoral fellowship (L:C.K:).. 









































© Fig.2 Camera lucida drawings of claustrum (a) and lateral geniculate nucleus (b) projecting neurones in cat area 17, obtained as described 

in Fig. 1 legend and in the text. The numerals refer to laminar boundaries. Claustrum-projecting cells had a thick, often. asymmetrical basal 

dendrite, in contrast with the compact, symmetrical arbor of LGN-projecting cells. The apical dendritic side branches of these two projection 

classes terminated within different laminae. Most conspicuously, the claustrum-projecting cells (a) had thin, horizontally directed intrinsic 

axonal collaterals, which remained within layer VI. The LGN-projecting cells (b) had few horizontal collaterals in VI, but sent thick ascending 
i f collaterals to layer IV, in which they terminated, 
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Calcium channels in excitable membranes are essential for many 
cellular functions. Recent analyses of the burst-firing mode of 
some vertebrate neurones'~> suggest that changes in their func- 
tional state are controlled by a Ca conductance that is largely 
inactivated at resting membrane potentials (~50 to —60 mV), but 
becomes activated following a conditioning hyperpolarization of 
the cell membrane. Here, using chick and rat sensory neurones, 
we present evidence for a new type of Ca channel with time- and 
yoltage-dependent properties which is probably responsible for the 
inactivation behaviour of the Ca conductance. At membrane poten- 
tials between —50 and +10 mV, openings of this channel last 
3-6 ms and tend to-occur in rapid succession. Inactivation of this 
channel is indicated by prolonged and eventually complete closures 
brought about by long-lasting depolarizing voltage steps. This 
channel coexists in isolated membrane patches with the more 
common Ca channel* which is less sensitive to changes in holding 
potential and shows a considerably shorter average life time and 
smaller currents. 

Single-channel currents were recorded from excised, outside- 
out membrane patches using cultured dorsal root ganglion cells 
from 10-day-old chick embryos and 18-day rat embryos’. This 
method** permits the membrane potential and intracellular 
ionic content to be controlled directly. The membrane patches 
lasted an average of 5-20 min, during which a deterioration of 
Ca channel activity was rarely observed under the precaution 
of high-resistance seals, sufficiently negative holding potentials 
(<+80 mV) and low intracellular Ca concentrations. Before the 
patch was made“, whole-cell currents were investigated up to 
the limits (I nA) of current strengths permitted by the 10-GQ 
feedback resistor of the current-voltage converter. Recordings 
were made at 0-3 kHz bandwidth, with the data filtered at 1 kHz 
by zero phase digital filtering. Linear components of leakage 
and capacitance were subtracted. Control and test records of 
200-500 ms duration were performed at intervals greater than 
10s to avoid cumulative inactivation. 

‘Figure 1 shows recordings of pharmacologically isolated 
inward Ca currents, Both whole-cell and single channel currents 
were blocked by millimolar additions of Cd**,:Co?* or Ni?* to 
the bath. Stepwise depolarizations from holding potentials 
between ~80 and ~110mV° produced inward Ca currents at 
~50 to —40 mV. They showed time- and voltage-dependent 
inactivation and their peak amplitude increased gradually with 
increasing membrane depolarization. Less negative holding 
potentials strongly reduced these inward currents (Fig. 1b), a 
feature which is not encountered in Ca currents from other cell 
preparations'””"'*. A second, larger rise of peak inward current 
occurred between —15 and 0 mV. Only this part of the current- 
voltage relationship corresponds to the behaviour of Ca currents 
usually encountered (for a review see ref. 13). These currents 
showed little time-dependent inactivation in the presence of 
intracellular EGTA and little response to a reduction in the 
negativity of the holding potential (Fig. 1b). 

The current reduction was almost completely restricted to the 
transient peak. It is interesting that the time to peak of the 
overall Ca current was shortest between membrane potentials 
of —30 and —10 mV (Fig. la), at which non-uniform channel 
activation was already detectable. 

Figure lc shows single-channel recordings during voltage. step 
changes to —-40 mV. With a holding potential of —60 mV (Fig. 
le, left), channel opening was largely absent, but it occurred in 
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Fig. Í Activation of whole-cell and unitary Ca currents of the”. 


chick dorsal root ganglion cell membrane during depolarizing 
voltage steps from strongly négative holding potentials. a, Appear- 
ance of an inactivating Ca current of the whole cell during a step” 
to ~20 mV from ~90 mV membrane potential (Em) (upper trace). 
Both turn-on and subsequent inactivation of this current are con- 
siderably faster than those of the current during a stronger 
depolarizing step (+10. mV, lower trace) from the same holding : 
potential. b, Peak current-voltage relationship of whole-cell inward < 
current from a holding potential of ~90 mV (continuous line) and 
~60 mV (dotted line). ¢, Unitary Ca currents of an outside-out. 
patch appear (right) during successive depolarizing steps to a low: 
membrane potential (~40 mV) after the holding potential had been | 
increased to ~100 mV from an initial —60 mV (left). Lines in the’. 
upper Current traces give the detection level for computing open- 
ings with the level set at 3.5 times background r.m.s. from zero 
baseline. The r.m.s. value was determined from event-free intervals i 
and compared with that of the recordings with the inactivated 
channel (left). Amplitudes were computed by averaging between 
crossings of level, with opening durations determined at half ampli- 
tudes. A second level near baseline at a similar distance from the 
average amplitude served to define closures. Sample averages of 
computed events are given in the bottom traces. Each sample 
contained 21 recordings. Temperature, 12°C. The pipette solution 
contained (in mM): 100 CsCl, 16 tetraethylarronium-Cl, 1.6 MgCl, 
0.2 CaCl,, 5 EGTA, 7 glucose, 10 HEPES-NaOH at pH 7.2. The 
bath composition was (in mM): 120 choline-Cl, 20 CaCl, 2 MgCl, 
10 HEPES-CsOH (pH 7.2) plus 34M tetrodotoxin. Identical ’ 
results were obtained when choline was replaced by Na. In this 
preparation, 3 uM tetrodotoxin has previously been observed to 
block fully the inward Na current in external solutions containing’, 
high Na and low Ca’. 


the form of discrete inward-going unitary events at the same 
test potential when the holding potential was set at —100 m 

(Fig. lc, right). Openings were frequently interrupted by sho 
lasting closures and thus assumed the appearance of bursts. The 
probability of the occurrence of opening was higher shortly after 
the onset of the step to -40 mV than at later times, indicating 
a time-dependent inactivation. Mean amplitude and open time 
were not affected and inactivation was equally strong in samples 















Fig. 2. Ca channel currents in an outside-out 
“patch from a rat dorsal root ganglion cell, 
‘recorded at the potential indicated, from a 
“holding of -90 mV. Lines in the first four 
+ tecordings represent the detection level for 
opening. Events were determined as in Fig. | 
‘and were averaged (last trace at each section) 
over 29 (a), 27 (b) and 10 (c) trials. Large- 
and. small-amplitude events appear in the 
recordings, with the larger unitary currents 
+- occurring predominantly in the initial period 
of the potential step. The detection level for 
: the large-amplitude events was by 2 s.d. set 
beyond the mean amplitude of the smaller 
unitary currents. The latter events were collec- 
ted after inactivating the large-amplitude 
“channel, Inset in b, whole-cell Ca currents 
recorded from a rat dorsal root ganglion cell 
at the potentials indicated. Holding potential, 
~90 mV. Note the voltage-dependent time 
courses of activation and inactivation. d, 
=» Amplitude and open time histograms of uni- 
tary Ca currents at ~40 mV membrane poten- 
tial. The amplitude distributions were fitted by 

gaussian curves. The left-hand side distribu- 
ction (left scale) has a maximum of 0.45 and a 
§.d, of 0.085 pA. It contains some large-ampli- 
tude events that escaped inactivation and thus 
contribute to the overlapping of the two distri- 
butions. The large-amplitude distribution 
(right scale) has a maximum of 0.86 and a s.d. 
of 0.15 pA. It is wider because it incorporates 
a fraction consisting of simultaneous open- 
“ings of large and small amplitude. Exponen- 
tial functions were fitted to the open time 
histograms, with resulting time constants of 
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with high and low initial frequency of openings. The sample 
averages of the channel currents (Fig. 1c, right, bottom trace) 
showed a near complete return to zero within 400 ms after 
attaining a peak within ~40 ms. The mean open times of these 
channels were calculated to be 4.2+0.8ms (mean and s.d., 
n= 15), which is three- to seven-fold greater than the mean open 
ime of previously described Ca channels in this and other 
preparations (ref. 4, see also Fig. 2d). The mean of the amplitude 
histograms at —40 mV was 0.89 pA, which decreased to 0.51 pA 
at-0 mV, giving a conductance slope of 9.5 pS within this range 
of potential. These values are 30-40% greater than those of the 
ncompletely inactivating Ca channel*", 

Increasing the size of the depolarizing steps shortened the 
average time to first opening while speeding up channel inactiva- 
tion (Fig. 2). This can be seen from the sample averages of the 
currents taken at different potentials (bottom traces of Fig. 
~c). Thus, at -40 mV, the time to peak (t,) was about 35 ms 
and inactivation occurred with a time constant (7p) of 55 ms, 
while at +10 mV t, and 7, decreased to 5 and 9 ms, respectively. 
Evaluation of the voltage dependence of inactivation in eight 
nembrane patches, using current averages taken at two or more 
potentials (range ~50 to +10 mV), showed an e-fold reduction 
of 7, for a potential change of 22+3 mV. 

‘Times to peak and time constants of inactivation from the 
ample averages of the unitary currents aggreed well with those 
of whole-cell currents (Fig. 2b, inset), except for a shift of —10 
10-15 mV in. the voltage dependence of the parameters of 
activation and inactivation, This is similar to previous observa- 
ions'®'* on the Na channel using the same technique. The 
_ whole-cell currents showed less complete steady-state inactiva- 
ion; at —20 mV, these currents settled at a level which was 
about 15% of the peak current. This is probably due to a 
contribution of the usually observed Ca channel which is known 
to become inactivated slowly and incompletely'®" in the present 
onditions of internal Ca buffering. 
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0.72 and 4.67 ms for the small and large unit, respectively. The considerable diflerences between these values strengthen the conclusion that two 
different populations of Ca channels were separated rather than two levels of current resulting from superpositions of small-amplitude events. 


The fast-inactivating, low potential-activated channel and the 
commonly observed Ca channel appeared together in most, but 
not all, patches. The failure of occurrence of one or the other 
type of events suggests different kinds of channels rather than 
different states of the same channel. In this respect, it is 
noteworthy that we detected no Ca channels with properties 
similar to those described here in similarly treated cultured 
sympathetic neurones or in molluscan neurones'’, On the other 
hand, Hagiwara et al.'® found two separate Ca conductance 
mechanisms (types I and H) in the egg cell membrane of the 
starfish. Type I showed time- and voltage-dependent inactivation 
similar to that described here, but its activation was markedly 
affected by external sodium. The phylogenetic relationship 
between this Ca system and the kinetically similar Na system 
is unclear'®, as is the function of this Ca channel, apart from a 
possible involvement in the cyclical firing pattern of several 
central neurones'?. 

We thank Dr C. Marchetti for experimental help and Mrs I. 
Kiss and H. Tyrlas for technical assistance. 
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The neurotransmitter dopamine has been demonstrated by bio- 
chemical’, histochemical? and immunocytochemical’* techniques 
to be unevenly distributed in the mammalian. central nervous 
‘system. DARPP-32 (dopamine- and cyclic-AMP-regulated phos- 
phoprotein of molecular weight 32,000) is a neuronal phos- 
phoprotein that displays a regional distribution in the mammalian 
brain very similar to that of dopamine-containing nerve terminals, 
being highly concentrated in the basal ganglia’. The state of 
phosphorylation of DARPP-32 can be regulated by dopamine and 
by cyclic AMP in intact nerve cells*ć, suggesting a role for this 
phosphoprotein in mediating certain of the effects of dopamine on 
dopaminoceptive cells. The observation that man of the physical 
and chemical properties of purified DARPP-32" resemble those 
of phosphatase inhibitor-1 (inhibitor-1)'*"', a widely distributed 
inhibitor of protein phosphatase-1'7, suggests that DARPP-32 
might also function as a phosphatase inhibitor: We report here 
that DARPP-32 inhibits protein phosphatase-1 at nanomolar con- 
centrations. Moreover, like inhibitor-1"°, DARPP-32 is effective 
asan inhibitor in its phosphorylated but not its dephosphorylated 
form. Thus, the basal ganglia of mammalian brain contain a 
region-specific neuronal phosphoprotein that. is a protein phos- 
phatase inhibitor, 

“ The protein phosphatase activities involved in the dephos- 
phorylation of most of the known phosphorylated proteins can 
be accounted for by four enzymes. These enzymes are grouped 
into two classes—type l- protein phosphatase (protein phos- 
phatase-i) and type 2 protein phosphatases (protein phos- 
phatase-2A, -2B and -2C)'*"'*—according to their specificity 
towards model substrates and their sensitivity to inhibitors. Thus, 
type 1 protein phosphatase selectively dephosphorylates the 
B-subunit of phosphorylase kinase and is inhibited by 
nanomolar concentrations of inhibitor-1 or inhibitor-2, while 
type 2 protein phosphatases selectively dephosphorylate the 
a-subunit of phosphorylase kinase and are insensitive to these 
inhibitors’. 

As Table 1 shows, both phospho-DARPP-32 and phospho- 
inhibitor-1 inhibited protein phosphatase-1 activity by >90% 
at a concentration of 1078 M. This inhibition was observed 
whether phosphorylase a (Table 1) or phosphorylase kinase 
(data not shown) was used as substrate. The effect of both 
inhibitors was specific for protein phosphatase-1, as neither 
inhibited protein phosphatase-2A (Table 1), -2B or -2C (data 
not shown). 

Figure 1 compares the effects of various concentrations of 
phospho-DARPP-32, dephospho-DARPP-32 and phospho- 
inhibitor-1 on protein phosphatase-! activity. The ECso for 
phospho-DARPP-32 was ~10°°M and that for phospho- 
inhibitor-1 was ~0.7 x 107° M. In contrast, dephospho-DARPP- 
32 was ineffective as an inhibitor up to 5 x 1078 M (Fig. 1). Thus, 
DARPP-32 resembles inhibitor-1 in being active as an inhibitor 
of protein phosphatase-1 only in its phosphorylated form”, A 
kinetic analysis of the interaction of phospho-DARPP-32 and 
phospho-inhibitor-1 with protein phosphatase-1, using phos- 
phorylase a as substrate and 0.1 U ml"! of protein phosphatase- 
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Fig. 1. Inhibition of protein phosphatase-1 by various concentra- 


‘tions of phospho-DARPP-32 (O), dephospho-DARPP-32 (A) and 
phospho-inhibitor-1-(@), The activity of protein phosphatase-1» 
was determined by the assay described in Table 1 legend. using. 
1.0 U mi™! of protein phosphatase-1. Protein concentrations weré 
determined using spectrophotometrically standardized. bovine, 
serum albumin®?. A’ molecular mass of 24,000, determined. by. 
high-speed sedimentation equilibrium centrifugation Cunpublishe: 
result), was used for DARPP-32,. and of 19,000, determined b 
amino acid sequencing", for inhibitor-1. Phospho- DAR PP-32 an 
phospho-inhibitor-I each contained 1.0 mol phosphate per mg 
protein (see Table 1). Be, foes 
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Fig.2 Dephosphorylation of phospho- DARPP-32 and phospho- 
inhibitor-1 abolishes their inhibitory activity. Open bar, no. add 
tion: hatched bar, 10°°M DARPP-32; stippled bar, 10° M 
inhibitor-1. Phospho-DARPP-32 and phospho-inhibitor-1, each at 
1076 M and each containing | mol phosphate per mol protein, were 
preincubated at 30°C for 2h in the absence or presence of 
5.0 U mi”! of phosphatase-2A and | mM MnCl, as indicated. The 
reaction mixture was heated at 95°C for 10 min to inactivate the 
phosphatase, and centrifuged at. 2,000g for $min to remove 
denatured protein. The supernatants, which contained the dephos- 
phorylated DARPP-32 and inhibitor-1, were then tested for their 
ability to inhibit protein phosphatase-1 using the assay described 
in Table I legend. 





K; values for the two of ~0.5~2.2 x 10°? M (data not shown) 
and 1.5-7.5 107? M (ref. 15). i 
The dephosphorylation of phospho-DARPP-32 by the vario 
purified protein phosphatase preparations was compared with 
that of other phosphoprotein substrates (Table 2). Protein phos- 
phatase-2A, -2B and -2C were able to dephosphorylate DARP! 
32 and inhibitor-1 at significant rates, protein phosphatase-2B 
being particularly effective. The catalytic subunit of protein 
phosphatase-! used in the present study showed little or ni 
activity towards DARPP-32 or inhibitor-1. Note, however, 
that the ability of protein phosphatase-1 to dephosphorylate 
inhibitor-1 is labile and varies considerably between prepar: 
ations? '!33516, a 
The ability of phospho-DARPP-32 and phospho-inhibito 
to inhibit protein phosphatase-1 was abolished: when they wer 

















ephosphorylated. Preincubation of either inhibitor with protein 
phosphatase-2A plus Mn** resulted in a loss of inhibitory 
activity (Fig. 2), whereas preincubation with protein phos- 
phatase-2A alone (Fig. 2) or with Mn** alone (data not shown) 
had no effect. Thus, both inhibitors can be phosphorylated and 
activated by cyclic AMP-dependent protein kinase and can be 
dephosphorylated and inactivated by type 2 protein phos- 
phatases. 

Evidence that although inhibitor-| and DARPP-32 share 
‘many properties, they are distinct gene products and one is not 





Table 1 Inhibition of protein phosphatase activity by phospho- 
DARPP-32 and phospho-inhibitor-! 





Relative activity 


Addition Phosphatase-1 Phosphatase-2A 
None 1003 10023 
Phospho-DARPP-32 (1075 M) 9+2 106 £4 
Phospho-inhibitor-1 (107° M) 6+2 1033 





Dephospho-DARPP-32 was purified to homogeneity from bovine 
caudate nucleus. Phospho-DARPP-32 was prepared from dephospho- 
DARPP-32 using cyclic AMP-dependent protein kinase’, and separated 
from residual ATP by chromatography on Polyanion SI (Pharmacia) 
anion-exchange resin. Inhibitor-1 was purified from rabbit skeletal 
muscle and phosphorylated using cyclic AMP-dependent protein 
kinase’'. Phospho-inhibitor-1 was further purified and separated from 
dephospho-inhibitor-1 and residual ATP by chromatography on DEAE- 
cellulose'', Both phospho-DARPP-32 and phospho-inhibitor-1 con- 
tained | mol phosphate per mol protein based on their incorporation 
of “P-phosphate from [y-*PJATP. This stoichiometry has been 


-confirmed by sequence analysis of phosphopeptides. The catalytic sub- 


units of protein phosphatase-1°**", protein phosphatase-2A and YP- 


abelled phosphorylase a (100c¢.p.m.pmol”')'® were prepared from 


-rabbit skeletal muscle. Protein phosphatase-| and -2A were assayed by 


determining the release of *?P-phosphate from °*P-labelled phosphory- 
ase a”. The reactions were carried out in a volume of 60 wl containing 
(final concentration) 50 mM Tris-HCl (pH 7.0), 0.1 mM EDTA, 15 mM 
2-mercaptoethanol, 5 mM caffeine, 0.6 mg mi”! bovine serum albumin, 
1.0mg mi! YP-labelled phosphorylase a and 1.0 U mI! of the indi- 
cated protein phosphatase. One unit of phosphatase activity was that 
amount of enzyme which catalysed the release of 1.0 nmol phosphate 
per min from phosphorylase a. After preincubation for 10 min at 30°C, 
eactions were initiated with **P-labelled phosphorylase a, carried out 
or 10 min at 30°C, terminated by the addition of 200 pl of 20% (w/v) 
richloroacetic acid, and the trichloroacetic acid-soluble tadioactivity 
was determined by liquid scintillation spectrometry. Results represent 
he mean of three independent determinations + s.e.m. 





Table 2 Dephosphorylation of phospho-DARPP-32 and phospho- 


inhibitor-1 by various protein phosphatases 


Relative activity (% ) 





**P.substrate (pM) PrP-  PrP-2A PrP-2B PrP-2C 

. Phosphorylase kinase (2.4) 100(B) 100(@) 100(a) 100(a) 
Phosphorylase a (10) 33 25 l 2 
© DARPP-32 (2) 2 49 155 15 
Anhibitor-1 (2) 2 46 162 29 


Phosphorylase a, DARPP-32, inhibitor-1, protein phosphatase-! and 


‘protein phosphatase-2A were prepared as described in Table 1 legend. 


keletal muscle?” and assayed in the presence of 104M calmodulin. 
Protein phosphatase-2C was partially purified from rabbit skeletal 


muscle by the method of Ingebritsen et al*'. All protein phosphatase 
preparations were free of other known phosphatases. Assays were per- 
formed as described in Table 1 legend except for the substitution of the 


indicated **P-labelled protein substrate and protein phosphatase (PrP), 
and the inclusion of 1.0 mM MnCl. Protein phosphatases were diluted 
s0 that <20% of the P radioactivity was released from either the a- 


or, B-subunit.of phosphorylase kinase in the 10-min assay. In these 


Conditions, release of °P radioactivity was linear with respect to time. 


Protein phosphatase activity is expressed as percentage phosphate 


leased from the substrate relative to that released from either the a- 
r B-subunit of **P-labelled phosphorylase kinase. 





derived from the other by proteolysis or post-translational — 











modification, includes specific differences in their amino acid 
compositions”'', the amino acid sequences around their phos- 
phorylation sites, their two-dimensional phosphopeptide maps 
and their immunological properties (refs 17, 18 and H.C.H. and 
P.G., unpublished results). Moreover, DARPP-32 is a phos- 
phatase inhibitor found only in nervous tissue, where it is 
concentrated in dopaminoceptive neurones of the basal gang- 
lia’, while inhibitor-1 is a more widespread phosphatase 
inhibitor present in numerous tissues including liver’, muscle", 
adipose tissue’? and brain (H.C.H. and P.G., unpublished 
results, and ref, 21). 

Dopamine alters the state of phosphorylation of several pro- 
teins, including DARPP-32, in intact nerve cells by elevating 
cyclic AMP levels and thereby activating cyclic AMP-dependent 
protein kinase**. The phosphorylation of DARPP-32 by cyclic 
AMP-dependent protein kinase following the dopamine-medi- 
ated increase in cyclic AMP levels provides a mechanism for 
the inhibition of protein phosphatase-| by dopamine and cyclic 
AMP. Because many of the substrates for protein phosphatase-1 
are also phosphorylated by cyclic AMP-dependent protein 
kinase'*, the activation of DARPP-32 should inhibit their 
dephosphorylation and thereby amplify the effects of cyclic 
AMP”. Protein phosphatase-I also dephosphorylates several 
phosphoproteins that are phosphorylated by protein kinases 
other than cyclic AMP-dependent protein kinase"’, and activa- 
tion of DARPP-32 presumably allows dopamine, acting through 
cyclic AMP, to modulate the phosphorylation state of these 
other substrates also. 

A role for protein phosphatase-2B (calcineurin*’) in the regu- 
lation of the state of phosphorylation of DARPP-32 is suggested 
by the efficacy of this phosphatase in dephosphorylating 
DARPP-32 (Table 2 and ref. 24), as well as by the high levels 
of both proteins in basal ganglia®*”, where they seem to be 
localized within the same cells’*°. The dephosphorylation of 
DARPP-32 by protein phosphatase-2B, a Ca**/calmodulin-acti- 
vated enzyme’’, provides a possible mechanism by which the 
Ca?" signal might attenuate the dopamine-induced cyclic AMP 
signal in these cells. Further studies on the role of phospho- 
DARPP-32 in the control of protein phosphorylation in 
dopaminoceptive neurones should provide additional insight 
into the molecular mechanisms of the trans-synaptic actions of 
dopamine. 
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The human T-cell leukaemia/lymphoma virus (HTLV)! is an 
exogenous retrovirus which has been associated with adult T-cell 
leukaemia/lymphoma (ATL)*. This malignancy of T lymphocytes 
is endemic to southern Japan’, the West Indies‘, and to a lesser 
extent, the Middle East, Central Africa and the southeastern 
United States”. ATL cells from patients of diverse geographical 
origins have been found to be infected with HTLV-1 (ref. 6). HTLV 
is normally tropic for mature T lymphocytes’, especially those 
expressing the helper-inducer surface antigen phenotype’ (OKT4 
or Leu-3-positive), and the neoplastic T cells infected with HTLV 
generally express receptors for T-cell growth factor” (detected by 
reactivity with anti-Tac antibody’). However, we report here the 
isolation of a HTLV-infected B-lymphocyte clone from the 
peripheral blood of a patient with ATL. This clone is cytogeneti- 
cally normal and is not infected with Epstein-Barr virus (EBV). 
Co-culture of cells from this clone with cord blood lymphocytes 
resulted in transmission of HTLV and the immortalization of 
either T or B lymphocytes. These results suggest that HTLV may 
be associated with a broader range of host cells than previously 
recognized. 

We were attempting to culture the malignant T cells from a 
patiertt with HTLV-associated ATL. The patient had refractory 
hypercalcaemia, diffuse lymphadenopathy, bilateral interstitial 
pulmonary infiltrates, and a peripheral white blood. cell count 
of 63,500 cells mm~*, 98% of which were malignant, T4-positive, 
Tac antigen (T-cell growth factor receptor)-positive T lym- 
phocytes that bore the typical morphological features of adult 
T-cell leakaemia/lymphoma’. 

The patient’s peripheral blood mononuclear cells were separ- 
ated by Ficoll-Hypaque density gradient centrifugation and 
cultured at 5 x 10° cells per ml of ER medium (comprising 43 ml 
Eagie’s high amino acids medium, 43 ml RPMI 1640, 10 ml 
heat-decomplemented fetal calf serum, 2ml 200mM_ L- 
glutamine, 1 ml 10 mg ml™' gentamicin, | ml 1 mg mi”! penicil- 
lin, and 0.05 ml 70M 2-mercaptoethanol in 100 ml) without 
other added growth factors. After 3 weeks in culture at 37°C 
in 5% CO, a cell line grew spontaneously that was then cloned 
by limiting dilution at 0.3 cells per well. Both the initial cell line 
(HS) and a representative clone (HS-1) expressed monoclonal 
IgM A antibody. Table | shows a profile of the surface charac- 
teristics of HS-1. HS-1 is a B lymphocyte expressing 
immunoglobulin, Ia molecules and the B-cell differentiation 


markers BI 10), BAL ee ee and BA2 ies 11) but it is 













































negative for the common acute lymphoblastic leukaemia anti- 
gen. It does not express the T-cell markers that were noted on 
the patient’s malignant T cells (T4, 3A1 or T101). HS-1 expresses 
the HTLV-encoded viral protein p19 (ref. 12) on its surface and 
cell extracts contain viral reverse transcriptase’. HS-1 is n 
infected with EBV as demonstrated by the absence of EBV 
nuclear antigen. Unlike normal B lymphocytes, HS-1 expresses 
the receptor for T-cell growth factor (TCGF) on its surface. 
Preliminary characterization of this receptor suggests that it is 
identical in size to that normally expressed on activated T cells 
(S. Korsmeyer et al, manuscript in preparation) but despite its 
expression the cells do not require TCGF to proliferate, 
However, the addition of various concentrations (1%, 5% and 
10%) of human TCGF (Cellular Products) to the culture 
medium results in a modest augmentation of proliferation at 
the highest concentration of TCGF tested (24% increase in 
3H-thymidine incorporation). Furthermore, HS-! does not 
secrete TCGF into the culture medium as HS-1 conditioned 
medium fails to support the growth of the TCGF-dependent 
mouse T-cell line, HT-2. Cytogenetic analysis revealed that HS-1 
has a normal female karyotype with the patient’s malignant 
T-cells bearing abnormalities in 72% of the metaphases, the 
predominate clonal karyotype (44% of the abnormal cells) bein 
46, XX, t(1;6) (p3l:ql1), reciprocal(8;12) (q24;q14). : 

To demonstrate further the HTLV transformation of HS- 
cells, we incubated irradiated (12,000 R) HS-1 cells with -cord 
blood lymphocytes in ‘three different conditions: (1) simple 
co-culture of irradiated HS-! and cord blood lymphocytes, (2) 
co-culture with the addition of 4 pg ml’ concanavalin A (Con 
A) to the medium, and (3) addition of irradiated HS-1 after 3 
days of Con A stimulation of the cord blood lymphocytes. The 
transformed cell lines obtained from each of the culture coñ 
tions were termed CS-1, CS-2 and CS-3, respectively. The cell 
surface characteristics of these cell lines are listed in Table I. 
CS-1 cells appear to be Leu-3*, Tac’, la* T lymphocytes that 
express the viral p19 protein. CS-2 cells express IgM «surface 
immunoglobulin, B1, Tac, Ia and viral p19. CS-3 cells have 
features of both T and B cells and express Leu-3 as well as IgM 
A surface immunoglobulin, Tac, la and viral p19. The isoenzyme 
phenotype of HS-1, CS-1, CS-2 and CS-3 demonstrates that 
HS-1 and the cord blood lymphocyte lines originated from two 
different people (data not shown). The co-cultured cell lines 
were also Epstein-Barr nuclear antigen (EBNA)-negative. 

In order to characterize the integration sites of the virus in 
the fresh leukaemic T cells, the HS-1 B-cell clone and the 
co-cultured cord blood lymphocyte cell lines, and to substantiate 
further the identity of the virus, we performed Southern analysis 
on DNA isolated from these cells’*. Virus integrations can be 
analysed by digesting the cell DNA with EcoRI which does noi 





Table 1 Cell surface phenotype 














Parent Co-culture cell lines © 
HS-1 CS- CS-2 CS8-3 

Leu-3 - + = k 

plo 40%: + + + 

Tac 60% + + + 

BI 84% + ~ + 

3Al ~ + = 

IgG 

IgA 

IgM 65% + - + 

IgD 

K ye Gag + 

À 77% + s ag 

DR 95% + + + 

cALLa - 

BAI 57% + 

BA2 21% + 


Summary of cell surface phenotype determined by fluorescence 
activated cell sorter, + Denotes 40% or more of cells reacting with the 
, antibody; ~ denotes 5% or less of cells reacting with the antibody: | 










HS leukaemic celle = 
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CS-3 





































Fig. 1 Characterization of HTLV-1 integration sites in HS and 
transmission cell lines. DNA (10 ug) was cleaved with EcoRI and 
electrophoresed on a 0.8% agarose gel. The gels were blottéd to 
nitrocellulose and hybridized. The probe used was pHTLV,;, a 
pUC8 subclone of the HTLV genomic clone previously described®. 
Proviral bands are indicated and sizes in kilobases are shown. 


Cleave HTLV-1 proviral DNA®, thus showing provirus integra- 
tions at different sites in the genome. The viral integration sites 
n the uncloned HS line and the malignant T-cell clone are 
different (Fig. 1). Analysis of viral integrations in the cloned 
HS-1 line and the uncloned transformed cord blood lines showed 
hat in each case the integration site differed and thus repre- 
sented a unique infection with HTLV (Fig. 1). HS-1 had three 
integrated proviral copies; CS-1 had three; CS-2 and CS-3 each 
had one. We also performed restriction analysis with BamHI 
and PstI which showed the expected internal cleavage fragments 
generated from an HTLV-1 genome (data not shown)", 

The expression of the TCGF receptor on HS-! and the absence 

of this receptor on any normal resting B lymphocytes suggest 
‘that TCGF receptor gene activation and receptor protein syn- 
thésis may be a consequence of HTLV infection. On the other 
and, preliminary data from our laboratory and elsewhere show 
hat activated normal B cells may express the TCGF receptor 
_after stimulation with a variety of B-cell mitogens (A. Muraguchi 
t-al, manuscript in preparation). It is possible that the TCGF 
receptor is the site of virus binding by B lymphocytes, as has 
been suggested for T cells’, 
It has been reported previously that B cells from patients with 
HTLV-associated T-cell malignancies do not contain HTLV- 
elated DNA sequences!”!*®, but the control B cells for these 
periments were EBV-transformed cells from ATL patients. 
wever, given that a single B-cell clone emerged in vitro in 
ur experiments, it is conceivable that the precursor frequency 
f HTLV-susceptible B cells is substantially lower than that 
usceptible to EBV transformation. Yamamoto et al.'® have 
olated a number of EBV-transformed B-cell lines from 
apanese patients with HTLV-associated ATL and a small frac- 
on of these B cells appear to express HTLV viral proteins. 
owever, no transmission data were presented. 

It. seems that B-cell transformation by HTLV may be more 
ammon than previously suspected. Independently, D. Mann 
tal. (personal communication) have found evidence for B-cell 
transformation by HTLV in another patient with HTLV-associ- 
ated ATL although they have not yet completely characterized 
the trarismissibility of the HTLV. 

Thus, we have isolated a cytogenetically normal, EBV-nega- 
ve, B-lymphocyte clone that has been transformed by infection 
with HTLV. We suggest that the B-cell clone became infected 




















with HTLV in vitro from the patient’s malignant T cells. It is 

not clear whether this particular strain. of HTLV-1 (HTLV-lys5) 

has unique structural features that permit a broader host range 
than previous isolates or whether the particular B cell that 
became infected has features (such as virus-binding 
immunoglobulin or TCGF receptor expression) that facilitated 
the transformation by HTLV-1. Studies are currently underway 
to evaluate these possibilities”’, 
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for typing the manuscript. 


Received 13 March: accepted 19 June 1984, 


« Poiesz, B. J, et al Proc, natn. Acad. Sti, U.S.A. 17, 7415-7419 (1980). 

. Blayney, D. W. et al Ann. intern, Med. 98, 144-147 (1983). 

Uchiyama, T., Yodoi, J., Sagawa, K., Takatsuki, K. & Uchino, H. Blood 50, 481-492 (1977), 

. Catovsky, D, et al, Lancet i, 639-643 (1982). 

Blayney, D. W. et al. Blood 62, 401-405 (1983), 

. Wong-Staal, F. et al. Nature 302, 626-628 (1983), 

. Popovic, M, et al Science 219, 856-859 (1983). 

» Gallo, R. C. et al UCLA Symp, molec, cell. Biol, New Ser, 1, 231-246 (1982). 

. Uchiyama, T., Broder, $. & Waldmann, T. A. J. Immun. 126, 1393-1397 (1981), 

Stashenko, P., Nadler, L. M., Hardy, R.& Schlossman, S. F. Immun, 125, 1678-1685 (1980), 

- Abramson, C, S., Kersey, J. $. & LeBien, T. W. J. Immun. 126, 83-88 (1981), 

Robert-Guroff, M., Ruscetti, F. W., Posner, L. E., Poiesz, B. J. & Gallo, R. C. J. exp. Med. 
184, 1957-1964 (1981), 

- Rho, H. M., Poiesz, B. J, Ruscetti, F. W. & Gallo, R. €. Virology 112, 355-360 (1981), 

. Southem, E. M, J. molec. Biol, 98, 503-517 (1975), 

15. Clarke, M. F. Gelmann, E. P, & Reitz, M, S. Nature 305, 60-62 (1983), 

16, Lando, Z. et al Nature 305, 733-736 (1983). 

17, Gallo, R. C. et al. Proc. natn. Acad. Sci, USA. 79, 5680-5683 (1982), 

18. Yamamoto, N., Matsumoto, T., Koyanagi, Y., Janaka, Y. & Hinuma, Y. Nature 299, 367-369 

{1982}. 


sins linpiteniihiniiisisneeSodeiinan A ic, coc | 


Presence of T-cell receptor mRNA in 
functionally distinct T cells 

and elevation during 

intrathymic differentiation 


BOS ean o u a u 


EG 





Yasunobu Yoshikai, Yusuke Yanagi, Nicole Suciu-Foca* 
& Tak W. Mak 


The Ontario Cancer Institute, and Department of Medical 
Biophysics, University of Toronto, 500 Sherbourne Street, Toronto, 
Ontario, Canada M4X 1K9 


* Department of Pathology, College of Physicians and Surgeons, 
Columbia University, New York, New York 10031, USA 





Understanding the differentiation of functionally distinct subsets 
of T lymphocytes is essential to unravel their crucial role in the 
immune response and awaits knowledge of the assembly and 
expression of genes encoding the T-cell receptor. Recently, we have 
cloned and sequenced complementary DNA that may specify part 
of the human T-cell receptor’. The deduced protein sequence 
showed extensive similarity to the entire length of mammalian 
immunoglobulin light chains’. In addition, sequences correspond- 
ing to this message undergo somatic rearrangements’ and are 
assembled from non-contiguous genomic sequences into a single 
mRNA molecule’, a mechanism similar to those found in the 
generation of immunoglobulin messages“, A related molecule from 
the mouse was also isolated'independently by Hedrick et al., Here 
we show that the putative T-cell receptor mRNA is expressed at 
a relatively high level during intrathymic differentiation before 
decreasing about 10-20-fold in normal, mature peripheral blood 
T cells and that it can also be detected in T-cell clones with helper 
and cytotoxic functions, as well as in at least one clone with 
suppressor properties. 

We have assessed the RNA level by Northern gel analysis®. 
RNA was extracted from human leukaemic T-cell lines, human 
thymocytes’, peripheral blood T cells’, phytohaemagglutinin 
(PHA) stimulated T cells’, bone marrow cells’ and Epstein-Barr 



















Fig.1 Northern blot analysis of immature and mature T-cell RNA 
homologous to sequences of the putative T-cell receptor clone 
YT35. RNAs were extracted from different T cells in the presence 
of guanidine thiocyanate, and treated with glyoxal'. 8 yg each of 
total RNA was electrophoresed through 1% agarose in 10mM 
sodium phosphate buffer, pH 7.0. Transfer of the RNA to nitrocel- 
lulose membranes was carried out as described previously®. 
Hybridization was to *°P-dCTP-labelled, nick-translated 0.9 kb 
Neol-Neol fragment of YT35° which is internal to the cDNA 
insert. a, RNA is from: lane 1, a human B-cell line, HSC-58; lane 
2, a human T-cell line, MOLT-3; lane 3, total human thymocytes 
(provided by Dr E. Gelfand); lane 4, PHA-stimulated human T 
lymphocytes’; lane 5, E* rosette peripheral lymphocytes’. b: lane 
1, total normal bone marrow cells; lane 2, leukaemia cell lines 
CEM; lane 3, Jurkat; lane 4, MOLT. 


virus-transformed lymphoblastoid B-cell lines (LBCL)'. Results 
in Fig. | show the presence of a major molecule of about 
1.3 kilobases (kb) in all types of T cells (a minor molecule at 
1.1 kb can also be observed in some cases). The level of RNA 
is highest in leukaemic T-cell lines, CEM (Fig. 1b, lane 2), Jurkat 
(Fig. 1b, lane 3), MOLT-3 (Fig. la, lane 2; Fig. 1b, lane 4) and 
thymocytes (Fig. la, lane 3). A lower level of RNA, however, 
is present in the more mature peripheral blood T cells, whether 
resting (Fig. La, lane 5) or phytohaemagglutinin-stimulated (Fig. 
la, lane 4), while no RNA homologous to YT35 was found in 
control B-cell lines (Fig. la, lane 1) or bone marrow cells (Fig. 
1b, lane 1). These results confirm the identification of the YT35 
message as a T-cell-specific gene’. 

To quantitate the relative level of the RNA in different types 
of T cells, dot hybridization analysis was also performed. The 
data in Fig. 2a and b demonstrate further that the difference in 
the level of mRNA between the relatively more immature T cells 
(leukaemic T-cell lines and thymocytes) and mature T cells is 
about 10-fold. These differences are found for both the complete 
YT35 mRNA! and the mRNA corresponding to the ‘constant’ 
region probe’. 

The elevated level of mRNA for the putative T-cell receptor 
in the thymus may characterize certain ontogenetic phases of 
T-cell differentiation or it may be specific for thymocytes. In an 
attempt to distinguish between these two possibilities, we have 
induced leukaemic T-cell lines (MOLT-3 and Jurkat), lacking 
mature T-cell markers, to differentiate and express such markers 
using the tumour promoter 12-O-tetradecanoylphorbol-13- 
acetate (TPA)"*. Northern-gel and dot-biot analysis of the level 
of the YT35 mRNA showed that the band was of about the 
same: size and intensity in the induced and in the uninduced 


































Table 1 


Characterization of alloreactive T-cell clones 















Blastogenic 
Phenotype response to Effect on B cell 
subset DRI? DRIP CML Responses 
Clone OKT4 OKT8 Stimulators activity to SRBC 
-19 + - + ~ None Helper 
“22 + - + ~- None Helper 
~207 + - + Anti-DRI Helper 
~ 209 + ~ + ~ None Suppressor 
~26 - + ~ ~ Anti-B35 None 


Alloreactive T-cell clones were generated by limiting dilutions of MLC blasts. 
obtained from a HLA-~A2, A33, B7, B14, DR3, DR7 responder primed to a 
HLA-~A2, All, B8, B35, DR1, DR3 stimulator. The clones were maintained in’) 
interleukin-2-containing culture medium by weekly stimulation of the clones with | 
irradiated, Epstein-Barr virus-transformed lymphoblastoid B-cell lines (LBCL) < 
of immunized origin'’. The phenotype ‘of the clones was assessed on a Spectrum 
IH cytofluorometer (Ortho) using fluorescinated murine monoclonal OKT4 an 
OKT3 antibodies (Ortho}"*. The clones were tested for anti-HLA-D/DR MLC 
reactivity to HLA-D homozygous typing cells in a 72—h blastogenesis “H-thymidine 
incorporation assay. Cytolytic T-cell assays were performed by the *Cr-release 
methad'’. Allogeneic helper function was assayed as a primary response to sheep 
erythrocytes (SRBC?) 















MOLT-3 and Jurkat cells. This indicates that induction of differ- 
entiation by TPA is not accompanied by any significant chang 
in the abundance of YT35 mRNA. 

Although it has been shown that different regulatory and 
effector functions can be carried out by distinct subsets of T 
cells characterized by unique cell-surface antigens, a compli- 
cated network of interactions exists within and between each 
subset”'®. With the advent of cell cloning procedures, T-cell 
lines with specialized functions and distinct phenotypes hav 
been established and characterized. We have therefore assessed 
the level of the YT35 mRNA in alloreactive T-cell clones with 
different, well-characterized functions'' (Table 1). Results in. 
Fig. 3 indicate that RNA extracted from all the five T-cell clones: 
contain messages homologous to the cDNA YT35 of about 1.3. 
and 1.1 kb in size. These results illustrate that RNA correspond: 
ing to the putative T-cell receptor is expressed in all three classes, 
that is helper, cytotoxic and suppressor (at least one clone). The 
level of RNA expression may vary in different T-cell clones. 
(Table 1). The highest amount is found in clone 209 (suppressor; 
lane 2), followed by clone 26 (cytotoxic; lane 5), clone 19° 
(helper; lane 6) and clone 207 (cytotoxic-helper; lane 3), whil 
the lowest amount was found in clone 22 (helper; lane 4). No 
hybridization was observed from the B-cell line derived from: 
the same individual (lane 7). It is not clear, however, whether: 
these differences in the level of expression in the T-cell clone 
are related to the functional characteristics of the clones or. 
whether they represent fluctuations determined by other factors. 
As the doubling time of the five different clones was about th 
same (24-36 h), it is unlikely that the rate of clonal expansion. 
influenced the level of expression. Furthermore, as these arẹ 
twin clones derived from the same mixed lymphocyte culture, 
individual (responder-specific) variations do not seem to bi 
involved. 

The results summarized here demonstrate that the mRN. 
corresponding to the putative T-cell receptor clone YT35. i 
present in all types of T cells (thymus, peripheral blood an 
T-leukaemia) including T-cell clones with specific immune func 
tions. This message is absent from normal bone marrow, B cell 
and other haematopoietic or non-haematopoietic cells’, The: 
finding that all T-cell lines examined expressed this messagi 
suggests that if the T-cell receptor is, as proposed, a heterodimer: 
of two chains'?"'*, YT35-encoded protein is an integral part of 
it. The level of the YT35 messages in immature leukaemic T 
lymphoblasts and thymocytes is about 10-fold higher than the 
level found in mature T lymphocytes. It is unlikely that such 
differences merely reflect incomplete hybridization due t 
nucleotide mismatches in the ‘variable’ regions of different cell 
clones. If this were the case, there would be no difference 
between the level of mRNA observed with the complete YT3 
(ref. 1) and when only the ‘constant’ region’ of the YT35 probe 
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Fig. 2 ` Dot blot analysis® of DNA from immature and mature T 
cells. Different amounts of total RNA (5, 2.5, 1.25, 0.6, 0.3 and 
_ 0.15 xg) from various types of T cells were spotted onto nitrocel- 
lulose paper. This was hybridized with **P-dCTP-labelled, nick- 
translated YT35 insert® (0.9 kb Neol-Neol fragment). a, Lane 1, 
human thymocytes; lane 2, PHA-stimulated human T lymphocytes; 
lane 3, E-rosette positive T cells; and lane 4, MOLT-3 cells. b, 
Lane 1, MOLT-3; lane 2, Jurkat; lane 3, CEM; lane 4, thymocytes; 


and lane 5, PHA-stimulated human T cells. 
me 


was used. It is also unlikely that the differences reflect incomplete 
hybridization due to nucleotide mismatches in the ‘constant’ 
regions of different cell clones. If this were so, one would not 
expect thymocytes to have an elevated level as they would be 
likely to be heterogeneous with respect to the T-cell receptor 
“hain. Furthermore, all immature T-cell leukaemic lines 
expressed higher levels of RNA than did the mature T-cell clones 
examined, thus indicating that the latter exhibit very similar if 
not identical ‘constant’ regions. Preliminary results support the 
_view that the nucleotide sequences of the constant region of the 
different T-cell lines are very similar (Y-Y., unpublished data). 
Thus, in sharp contrast to the genetic information encoded 
in immunoglobulin genes, which are expressed at significantly 
higher levels in plasma cells than in pre-B cell lines'*, the T-cell 
receptor message is more abundant during intrathymic differ- 
¿entiation than in post-thymic T-cell lineages. 
These observations raise some interesting speculations on the 
unction(s) and possible role of the protein in immature T cells. 
The finding that these sequences are expressed not only at 
ignificantly higher levels in the relatively more immature T cells 
but that they seem to remain elevated throughout intrathymic 
differentiation suggests that the T-cell receptor and its RNA 
have an important role in early stages of T-cell ontogeny. If, as 
roposed’®, thymic T cells express receptors for self, it is conceiv- 
able that high levels of expression will permit a more efficient 
elimination of autoreactive T-cell clones. 
» Another major finding in our study is the observation that all 
the T-cell clones—with the phenotype and properties of help, 
ytotoxicity and, in at least one clone, suppression (as defined 
by the biological assays indicated'')—express this message. This 
finding suggests that helper and cytotoxic T cells and at least 
some suppressor cells operate via receptor molecules which 
mediate either regulatory functions (such as the activation or 
suppression of the cellular and humoral immune responses) or 
effector—cytolytic functions. The generation of diversity within 
the T-cell population might be elucidated through the analysis 








Fig. 3 Northern blot examination of mature functional T-cell 
clones for hybridization of clone YT35. Glyoxal-treated total RNA 
(8 ug) from different functional T-cell clones (Table 1) were elec- 
trophoresed and transferred to nitrocellulose membrane filters. 
Hybridization to **P-dCTP-labelled nick-translated 0.9 kb, Neol- 
Neco} fragment of YT35. Lane 1, peripheral blood T cells; lane 2, 
clone 209 (suppressor; T cells}; lane 3, clone 207 (helper T cells); 
lane 4, clone 22 (cytotoxic killer); lane 5, clone 26 (cytoxic killer); 
lane 6, clone 19 (helper T cells): and lane 7, B cell line (LBCL8). 


of the message and genomic structure of the T-cell receptor in 
thymocytes and in mature T cells with defined functions. 
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Alteration in gene structure has been shown to occur in some 
human tumours'*. These altered genes, termed oncogenes, were 
originally identified by their ability to induce foci of transformed 
cells on transfected mouse 3T3 cultures. The oncogene identified 
in the EJ/T24 human bladder carcinoma is similar to the trans 
forming gene of BALB and Harvey murine sarcoma virus (MSV)° 
and differs from its counterpart in normal cells by a single amino 
acid". All three of these Ha-ras genes direct the production o 


lar proteins (p21). 
in tumour formation in some situations, its role is unclear. The 
ras protein product (p21) binds guanine nucleotides and has a 
unique autophosphorylating activity™'?, but no other enzymatic 
activity has been found. We report here the injection of purified 
Ha-ras p21 protein'*~’*, made in Escherichia coli from the gene 
of BALB-MSV, into NIH 3T3 cells and show that the purified 
protein itself is sufficient to induce a transformed morphology. In 
addition, the injected protein stimulates quiescent cells to enter 
the S-phase of the cell cycle. This result clearly demonstrates that 
the ras gene functions directly through the protein product. It also 
establishes an assay for the protein which depends on its activity 
within a living cell. The transforming activity of a p21 ras protein 
equivalent to the product of the normal cellular ras gene, is also 
demonstrated. 

The BALB-MSV p21 ras protein has recently been produced 
in E. coli’. The protein was made with high efficiency and 
could be purified to near homogeneity by a differential mem- 
brane extraction procedure’®. It is highly hydrophobic, presum- 
ably due to its membrane localization, and soluble up to 
~3 mg mi™', but only in the presence of 3 M guanidine-HCl. A 
guanidine solution, however, is unlikely to be tolerated in injec- 
ted cells. It is desirable to inject a concentrated protein prepar- 
ation as the injected solution is diluted ~20-fold.on entry into 
the cytoplasm!'’. In this study, proteins were solubilized at high 
concentration by addition of a 10-fold excess of bovine serum 
albumin (BSA) to the ras protein in the absence of guanidine- 
HCI (see Fig. 1). 

The BALB-MSV ras protein was microinjected into many 
cells in an area designated by marks on the back of the coverslip. 
After 24 h, cells in the injected area had clearly undergone a 
morphological transformation; they became rounded and 
refractile. Injection of BSA alone, however, had no effect on 
cell morphology (Fig. 1). To ensure that injections and sub- 
sequent analysis were reproducible, all injections described 
below were performed with coded samples. 

A time course analysis. was undertaken to elucidate the 
morphological alterations induced by the ras protein. Cells were 
injected and observed. for 4 days. At 20min after injection, 
recipient cells appeared entirely normal. Morphological changes 
were not discernible until 12 h after injection, but by 16h had 
become quite distinct (Fig. 1). The transformed morphology 
was apparent for at least 24h and the cells then gradually 
reverted to the flattened appearance of uninjected cells. In some 
cases, transformation was maintained for up to 40 h after injec- 
tion, but was never observed after 2 days. Occasionally, cells in 
the area previously injected appeared more densely populated 
than normal after reversion to the normal morphology, suggest- 
ing that increased cell division had occurred. This observation 
was substantiated by the appearance of two- to over sevenfold 
more mitotic cells in the injected area than normal (data not 
shown). No such alterations resulted following BSA injection. 

A dose-response analysis was performed after preparation of 
a solution of ras protein at 20 mg ml”! (with 200 mg ml”! BSA). 
Dilutions of 3-, 9- and 27-fold were then prepared and injected 
separately, with BSA as a negative control. All three ras protein- 
containing solutions induced transformation, but the 9-fold dilu- 
tion (2.2 mg ml™') gave the most marked results. Injections of 
this material resulted in the appearance of ~6 x10’ molecules 
of ras p21 in each cell (Fig. 1). The lowest concentration 
(0.7 mg ml~') produced less obvious transformation while the 
higher concentration (6.7 mg ml”) produced cytopathic effects 
and cell transformation (results not shown). The cytopathic 
effects may be due to the ras protein, the higher concentration 
of BSA or an excess of salt in the solution. As noted previously, 
no transformation was observed following BSA injections or ras 
protein below 0.2 mg ml~'. Several other cell types have also 
been tested—including the diploid human cell line MRCS, the 
human skin line Detroit 550. (obtained from S. D. Makover), 
and secondary culture chick and mouse embryo cells (data not 
shown)—-but have failed to display distinct morphological trans- 
formation following ras p21 injection. 


ile the ras gene appears to be involved l 








Fig. 1 Morphological appearance of cells injected with BALB 
ras p21 protein or its normal counterpart. The BALB ras p21 at 
0.7 mg ml"! (c) or 2.2 mg ml”! (b) was injected into. cells within 
the left half of the area photographed. Uninjected cells are at the 
right. The ras p21 protein which represents the normal human | 
counterpart of the transforming ras gene was injected at 3,3 
mg ml”! (a), while BSA (22mg ml”') was injected as negative 
control (d). The BALB ras protein was prepared from an E. coli 
clone with plasmid pJCL-E30 which contains the BALB-MSV 
transforming gene under the control of the bacteriophage P,, pro- 
moter. Protein was prepared by successive membrane extractions, 
as described previously'*, and represented one major band on 
SDS-gel electrophoresis'®. The purified ras protein was mixed with 
a 10-fold excess of BSA (crystallized; Sigma) and prepared for 
injection as described in the text. The normal ras protein was 
prepared from an E. coli clone containing plasmid pJCL-33'*, This 
plasmid was derived by substituting 55 base pairs of the normal 
rat gene (from HindIII to Poul sites) into the plasmid containing 
the viral gene. In this way the position known to be altered in the 
transforming ras gene is reverted to the normal sequence. Microin- 
jection procedures are described elsewhere”. 









Fig. 2 Thymidine incorporation following injection of ras p21. a 
Ha-ras (2.2 mg ml”!) was injected into numerous cells at the right 
of the area photographed. The appearance of cells to the left 
indicates the behaviour of uninjected cells. 6, the normal ras protein 
(3.3 mg ml™') or bacterial protein preparetion (3.3 mg ml”? (c)) 
were also injected into cells at the right of the areas photographed. 
Injected cells were allowed to grow to confluence before culture 
in medium containing 2% serum for 6 days before injection. From 
16 to 24h after injection, 10 wCi *H-thymidine was added to the 
culture which was then fixed with 2% glutaraldehyde and 
autoradiographed with nuclear tracking emulsion (Kodak). The 
cells were then lightly stained with haematoxylin. The dark nuclei 
identify those cells in which *H-thymidine had been incorporated 
into DNA. 


We next studied the activity of the normal human counterpart 
to the Ha-ras gene. It has been shown that a high level of 
expression of the normal human ras gene can also induce 
transformation. When NIH 373 cells were transfected with this 
cloned gene linked to a highly active viral long terminal repeat 
promoter, transformation was observed, but with less efficiency 
than observed with Harvey sarcoma viral DNA'*. The non- 
` mutated Ha-ras gene has also been expressed in E. coli and the 
protein purified as described previously’®. To confirm that high 
-levels of the non-mutated protein are sufficient to induce trans- 
formation, this protein was injected into 3T3 cells as described 
“above. In each of several separate experiments, transformation 
of injected cells was observed, but only with protein at 





Table 1 Thymidine incorporation following Ha-ras p21 injection — 





























Sample Expt No. of cells % Positive 

Ha-ras p21 

l 97 29 

2 110 54 

3 144 57 
Control 

l 105 4 

2 156 ~I 

3 98 5 
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The percentage positive cells was determined by subtracting the 
background percentage of uninjected cells on the coverslip which incor- 
porated thymidine. 


3.3 mg ml”'. Less concentrated solutions were unable to induce 
the transformed phenotype. Even with the concentrated sol- 
ution, transformation was not as pronounced as with the trans- 
forming BALB-MSV ras protein (Fig. la). This result indicates 
that both the normal and altered ras protein produce similar 
effects but that the altered protein is effective at a lower con- 
centration, 

The protein preparations injected in these studies were pro- 
duced in bacteria and would therefore not be contaminated by 
eukaryotic proteins (other than those present in the crystalline 
carrier BSA). Contaminating prokaryotic proteins, however, 
might have been responsible for the results seen, even though 
the ras protein preparations (> 80% pure) were shown to be 
free of any major contaminants. To ensure that contamination 
was not responsible for the results described, three unrelated 
eukaryotic proteins, of similar size, expressed in bacteria and 
purified in exactly the same way (S. Yamazaki and H. F. K., in 
preparation) as ras protein'*, were injected into NIH 3T3 cells: 
there was no evidence of transformation following any of these 
injections (results not shown). Ha-ras p21 is cleaved at position 
33 by treatment with formic acid. The cleaved protein was also 
unable to transform NIH 3T3 cells (results not shown). We 
therefore conclude, that the ras protein present in injected 
preparations was responsible for the biological result observed. 

The influence of BSA co-injected with the ras protein prepar- 
ations was also considered. Conjugated and unconjugated serum 
albumins have been carefully studied following injection into 
HeLa cells and rat fibroblasts. In both cell types the injected 
BSA was segregated into localized areas within the cytoplasm, 
entered lysosomes within 10h and gradually disappeared from 
the cell over the next 24h’. It seems likely, therefore, that 
following injection, the BSA is degraded and the ras protein 
associates with cellular proteins. The fact that the transformed 
phenotype remains for nearly 2 days suggests that the ras protein 
itself is not rapidly degraded by the cell. This is not surprising, 
as injected proteins can remain within injected cells for several 
days'’. Alternatively, the injected protein might trigger cellular 
changes which persist after the protein has disappeared. Studies 
of ras protein stability are in progress. 

Morphological transformation is a readily identifiable para- 
meter and microinjection of p21 protein seems to be a very 
sensitive assay of protein activity. Alterations in morphology 
following injection, however, have the disadvantage that micro- 
injection itself may alter morphology, at least transiently, 
although it does not necessarily harm a cell. For example, 
translation, transcription and many other properties of injected 
cells occur faithfully within the first hour following injection’. 
It would nevertheless be useful to identify another characteristic 
of transformaton exhibited following p21 ras protein injections 
to confirm the morphological observations. As ras transformed 
cells are known to have reduced serum requirements for growth, 
we investigated whether injection of ras protein could induce 
cells to initiate DNA synthesis in serum-depleted medium. 

NIH 3T3 cells were grown in medium containing reduced 
serum to decrease the rate of cell division to a low level’. An | 















‘area of the coverslip. was marked and numerous cells in that 
area. were injected. *H-thymidine was added to the medium 
16-24h after injection and the cells were then fixed and 
autoradiographed. In the area of cells injected with Ha-ras 
protein, numerous cells incorporated label into their nuclei. 
Fewer cells had entered S-phase following the injection of the 
normal ras protein, while few if any had begun to incorporate 
3H-thymidine due to injection of an unrelated protein purified 
from bacteria (Fig. 2). The probability that an individual cell 
would incorporate thymidine was determined by attempting to 
inject all cells within a defined area of the coverslip. In three 
experiments, approximately half the ras-injected cells entered 
S-phase while few cells injected with a control protein prepar- 
ation responded (Table 1). The thymidine incorporation assay 
is of value because it tests a second property of transformed 
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cells, the results are definite and it may be more quantitative | 


than morphological alterations. In uninjected cultures induced 
to enter S-phase by the addition of serum, thymidine incorpor. 
ation was similar to that observed with injected cells, indicating” 
that the incorporation observed did not result from DNA 
repair. 

These studies clearly identify the p21 ras protein as direcetly 
responsible for morphological and growth-related changes. 
observed in cells transformed by the ras gene. They also establish. 
two distinct assays for the transforming properties of the protein. 
We hope such assays will facilitate structure-function studies.. 
of the ras protein. 
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Several properties of the cauliflower mosaic virus (CaMV) indicate 
that it could provide a useful vector for gene transfer in higher 
plants: (1) it has a relatively small double-stranded genome that 
can be easily manipulated in vitro'?; (2) cloned viral DNA is 
infectious when rubbed onto. healthy leaves 5: (3) virus spreads 
throughout the plant and can be found in most cells at high copy 
number. Two regions of the CaMV genome—open reading frames 
(ORFs) Il and VII—do not seem to be essential for infection, as 
_. both can be either deleted or expanded by small inserts of foreign 
DNA, No functional genes have yet been introduced into these 
ORFs, Here we report the replacement of CaMV ORF I by the 
R67 plasmid-encoded dihydrofolate reductase (DHFR) gene; this 
gene (dhfr) confers resistance to methotrexate in Escherichia coli. 
The chimaeric viral DNA can be stably propagated in turnip plants 
and the dhfr gene is expressed, producing a functional. enzyme. 
The CaMV ORFs, with the exception of ORF VI, are closely 
clustered on one strand of the DNA. Two virus-specific poly- 
adenylated RNA species accumulate in infected cells”; one 
of these is a 19S RNA that encodes the ORF VI gene product 
while the other is a 35S RNA, slightly larger than the full-length 
genome. It has been proposed that the tight arrangement of the 
CaMV ORFs is a prerequisite for the virus translation mechan- 
ism that may use a polycistronic messenger RNA (K. Sieg and 
B.G., in preparation). Therefore, we kept the distances between 
“ termination and initiation codons of ORFs in the CaMV con- 
structions to a minimum. Figure la outlines how the dhfr gene, 
isolated from the plasmid vector pHG (ref. 12), was manipulated 


to remove noncoding sequences by two successive treatments 
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with the exonuclease Bal31. Deletions removing the entire. 
upstream region of the initiation codon ATG were selected. 
directly by placing an EcoRI linker in front of the ATG (followed. 
by a G in the dhfr sequence'*), This formed an Neol site 
(CCATGG) which greatly facilitated plasmid screening. 

The construction of two CaMV expression vectors is show 
in Fig. 1b. The plasmid pCa20-Ball_ was used as the CaM’ 
recipient for the dhfr gene in the first construction. In thi 
plasmid, derived from strain CM4-184, ORF I is deleted excep 
for the first five codons and the stop codon (K. Sieg and B.G 
unpublished results). A unique Xhol site is present immediately 
in front of this stop codon, The Xhol—Sall fragment from pJP91. 
(Fig. la) was inserted into the XhoI site of pCa20-Ball -to. 
produce pCa-NBI, in which the dhfr sequence is inserted in th 
proper orientation (Fig. 1b). In the second construction, we. 
further reduced the distance between the end of ORF I and th 
beginning of the dhfr gene by completely deleting ORF II from 
pCa20-Ball and inserting into the resulting plasmid, pCa-BBI 
the Xhol/ Sall fragment from pNC4X (Fig. 1). The resulting. 
vector, pCa-NB2, has only 9 base pairs (bp) between the stop 
codon of ORF I and the initiation codon of the dhfr gene. As. 
in pCa-NBI, only | bp remains between the dhfr termination 
codon and the ORF III initiation codon (Fig. 1b). 

Turnip plants ( Brassica rapa, cv. ‘Just Right’) were inoculated. 
with cloned DNA excised from the bacterial vector. Symptom 
of infection developed after the same period as for control plants 
infected with CaMV sequences from parents pCa20-Ball and 
pCa-BB1, which suggests that the presence of the dhfr gene was 
not detrimental to virus replication. Proof that the gene had 
been retained in the viral genome was obtained by isolating. 
virus particles from systemically infected leaves. Figure 2 (lanes 
2, 6) shows that when DNA prepared from these viruses was 
digested with Xho! and Clal, the DNA fragment containing 
the dhfr gene (arrows) was present in each case in the expected: 
molar ratio, indicating that the foreign DNA was maintained 
in the respective viral genomes. Similar results were obtained 
after two and three cycles of infection with Ca-NB2 (Fig. 2, 
lanes 7, 8). However, the intensity of the dhfr-containing band 
in Ca-NBI was significantly reduced and minor bands appeared 
when virus was isolated from plants after a second and third | 
cycle of infection (Fig. 2, lanes 3, 4), suggesting that some DNA: 
rearrangements had occurred within the Xhol—Clal fragment: 
containing the dhfr sequence. 
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Fig. 2 Electrophoretic 12 3.4 § 6 7 8 
analysis of chimaeric 
CaMV DNA. Brassica 
rapa cv. ‘Just Right’ 
plants were inoculated 
with cloned CaMV 
DNA that had been 
digested with Sall (ref. 
5). Each plant was infec- 
ted with 4g of DNA 
and the first symptoms 
of infection usually 
appeared within 10-14 
< days. DNA of the viral 
progeny was prepared 
from individual plants!’ 
and used to. inoculate 
' new plants. Viral DNA 
“from each cycle of infec- 
tion. was digested with a 
combination of Xhol : 
„and Clal restriction enzymes and electrophoresed on a 1.2% 
agarose gel. The DNA fragments carrying the dhfr sequence 
(atrows) have been identified by hybridization with the Neol~Sall 
dhjfr fragment from pNC4 (not shown). Lane |, pCa-NBI plasmid 
DNA; lanes 2-4, Ca-NBI viral DNA from Ist, 2nd and 3rd cycles 
of infection, respectively; lane 5, pCa-NB2 plasmid DNA; lanes 
6-8, Ca-NB2-viral DNA from Ist, 2nd and 3rd cycles of infection. 














Fig. 1 Construction of CaMV vectors directing the synthesis of | 
a methotrexate-resistant dihydrofolate reductase. a, Construction 
of the R67-dhfr gene derivatives. b, Construction of the CaMV 
vectors. 

Methods: a, The BamHI fragment from the plasmid pHG (ref. 12} 
which contains the entire R67-dhfr gene sequence was inserted 
into pUC8X (ref. 13). 20 pg of the resulting plasmid (pJP74) were 
digested with Sall and treated with 2 U of the Balt exonuclease 
(Biolabs) for [-8 min in 100 pl of 12mM MgCl, 12mM CaCl, 
200 mM NaCl, I mM EDTA, 240 ug ml”! bovine serum albumin 
(BSA) and 20 mM Tris-HCI, pH 8.0 at 30°C, The Bal31-treated 
molecules were incubated with DNA polymerase (Klenow frag- 
ment) and the four deoxynucleoside triphosphates (at 10 mM each) 
to fill in the ends. Sali linkers were added and, following ligation 
and transformation, plasmids were screened for deletions ending 
near the dhfr gene stop codon by polyacrylamide gel elec- 
trophoresis and nucleotide sequencing'®. One clone (pJP91!) lack- 
ing the stop codon plus 5 bp of coding sequence was digested with 
Xhol and again treated with exonuclease Bal31 (1-4 min) as above. 
After ligation in the presence of EcoRI linkers, plasmids were 
screened for the presence of a Neol site (see text). Plasmid pNC4, 
which contained all the region upstream from the ATG deleted, 
was digested with Ncol and religated in the presence of a Xhol- 
Neol adapter to yield pNC4X. Transformations were performed 
using E. coli strain DHL ATGG refers to the first four nucleotides 
of the dhfr gene and TAA to the stop codon. b, The Xhol—Sall 
fragment from pJP91 was isolated from a 6% polyacrylamide gel 
and ligated into the Xhol site of pCa20-Ball. Plasmid pCa-NBI 
carries the dhfr sequence in the proper orientation relative to the 
other CaMV open reading frames. To remove ORF I] completely 
from the CaMV genome, pCa20-Ball was digested with Xhol, 
treated with Bali and recircularized in the presence of Nhol 
linkers. The resulting plasmid (pCa-Bal2, not shown) having the 
whole ORF H plus Í bp removed was selected by DNA sequencing. 
To reconstitute the initiation codon of ORF IH which had been 
deleted by the exonuclease treatment, the small BSTEH-X hol 
fragment from pCa-Bal2 was isolated from a 0.6% agarose gel and 
ligated to the large BSTEM-Xhol fragment of pCa20-Ball. The 
resulting plasmid (pCa-BBI) was digested with Xhol for ligation 
with the Xhol~Sall dhfr fragment from pNC4X. pCa-NB2 carries 
the dhfr gene in the proper orientation, The nucleotide sequence 
of the CaMV-—dhfr junctions for the two constructions are shown 
in A and B. Note that the last two codons of the dhfr gene have 
been changed and an extra amino acid is now encoded at the 3’ 
end of the molecule due to the presence of a Sall linker and to 
the Sall-~Xho] fusion. Small modifications at this end of the protein 
do not affect its activity'®. The size of the inserted dhfr sequence 
is 234bp,. Roman numerals indicate the position of the open 
reading frames. Il’ and H” are short ORFs that include the 
first five codons of ORF II. The solid box represents the bacterial 

vector pUC8. 


The reason for the instability of the inserted sequence in 


Ca-NBI is unclear. We presume that the long intergenic 


sequence upstream from the initiation codon of the dhfr gene 
(Fig. 1b, A), present neither in wild-type CaMV nor in pCa-NB2, 
interferes with the translation of the viral transcript. Similar 
constructions in which a long intergenic distance was present 
at either the 5’ or 3’ extremity of the dhfr gene were even less 
stable than Ca-NB1 (data not shown). 

Expression of the dhfr gene in turnip plants was monitored 
using a specific anti-DHFR antiserum. Total proteins, extracted 
from infected and uninfected tissues, were separated by elec- 
trophoresis on a 15% SDS-polyacrylamide gel, transferred to 


nitrocellulose paper and reacted with the anti-R67-dhfr serum. 


A protein present in the samples derived from pCa-NBI and 
pCa-NB2 gave rise to an antigenic reaction (Fig. 3, lanes 7, 8), 
but no reaction was detected with the uninfected and pCa-BB1- 
derived samples (lanes 5, 6). Furthermore, the protein detected 
in lanes 7 and 8 of Fig. 3 co-migrated with R67-dhfr purified 


from E. coli (lane 9). This shows that the DHFR protein encoded | 
by the two chimaeric viral genomes Ca-NBI and Ca-NB2 has” 
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Fig..3 Synthesis of R67-dhfr protein in infected plants. Leaves 
(2:5 g) were collected 4 weeks after inoculation with cloned DNA, 
washed, ground in liquid nitrogen and homogenized in 10 ml buffer 
(2% SDS, 300 mM 2-mercaptoethanol, 10 mM _ phenylmethyisul- 
phony! fluoride, 50 mM Tris-HCI, pH 7.0). After filtration through 
four layers of cheesecloth and two layers of Miracloth, 5 volumes 
of acetone were added and the proteins precipitated overnight at 
20°C. Protein pellets were resuspended in | vol. electrophoresis 
sample buffer’? and 50 pg of each protein were applied in duplicate 
on a 15% SDS-polyacrylamide gel. One set was stained with 
Coomassie brilliant blue R (lanes 1-4) and the other was trans- 
ferred electrophoretically'? onto nitrocellulose paper. The paper 
was equilibrated for 3h in 200 ml BSA buffer (25 mM Tris-HCl, 
pH8.0, 150 mM NaCl, 0.2% Triton X-100, 3% BSA) and incubated 
with antibody in 20 ml of the same buffer overnight. The blot was 
washed five times in 200 ml of 25 mM Tris-HCI, pH 8.0, 150 mM 
NaCl, 1% Triton X-100 and incubated with '*I-protein A (I pCi 
in 15m! BSA buffer; Amersham). After washing, the blot was 
autoradiographed on an X-ray film (lanes 5-8). Antiserum was 
prepared by immunizing female New Zealand White rabbits with 
purified R67-dhfr®. Lanes 1, 5, proteins from uninfected plants; 
lanes 2, 6, from plants infected with pCa-BB1; lanes 3, 7, from 
plants infected with pCa-NBI; lanes 4, 8, from plants infected 
with pCa-NB2. Lane 9 contains 100 ng of purified R67-dhfr protein 
that had been loaded on the same gel and reacted with the antibody. 


been synthesized in turnip plants. By comparing the intensity 
of the bands in lanes 8 and 9 of Fig. 3, and assuming that the 
DHFR protein in both lanes has been transferred to nitrocel- 
Julose with equal efficiency, one can estimate that pCa-NB2- 
infected leaves contain approximately 8 ug of DHFR per g fresh 
tissue. The reduced level of expression of dhfr in Ca-NBI- 
infected tissues (lane 7) could be related to the instability of 
the dhfr gene in this construction. 

Dihydrofolate reductase catalyses the reduction of dihydrofo- 
late to tetrahydrofolate. Inhibition of this reaction by antifolate 
compounds, such as methotrexate, results in impaired synthesis 
of RNA and DNA. However, the dihydrofolate reductase 
encoded by plasmid R67 is practically insensitive to 
methotrexate'>. It was therefore possible to test for the presence 
of the R67-dhfr activity in turnip plants infected with pCa-NBI 
and pCa-NB2 by measuring the effect of methotrexate on DNA 
synthesis. Four weeks after inoculation with cloned DNA, sys- 


_ temically infected leaves were collected and incubated in culture 


medium containing free **p.phosphate in the presence and 
absence of the drug. Total DNA was then prepared and incor- 









Fig. 4 Assay of methotrexate-resistant activity in plant cells. a, 
DNA stained with ethidium bromide; b, autoradiography of the 
gel shown in a. + and — refer to the presence or absence, respec- 
tively, of methotrexate in the culture medium. 

Methods: Young, fully expanded leaves were collected, washed -` 
and surface-sterilized for 30 min in 0.5% Ca(OCl),, followed by 
thorough washing in sterile water. Leaves were cut into segments 
and immersed in filter-sterilized NN69 culture medium?’ 
(0.5 mg1"'! NAA; 0.25 mg 17! 2, 4D; 0.1 mg I! BAP, pH 5.8) con- 
taining no phosphate salts. Duplicate samples contained 
methotrexate (Sigma) at a concentration of 0.1 pg mi~. Cultures 
were incubated at 26 °C in the dark on a gyratory shaker for 22 h. 
Medium was removed and replaced by 5ml of fresh medium 
{containing methotrexate when required) and 35 pCi of 2p. 
orthophosphate (Amersham). The cultures were incubated with 
shaking for 22h, the medium was removed and the leaf tissue 
washed three times in 15 ml phosphate buffer before freezing in 
liquid nitrogen. The tissue was homogenized in 0.5 ml of 50 mM 
NaCl, 10mM EDTA, 1% sarkosyl, 10 mM Tris-HCI, pH 7.5, and 
extracted twice with | vol. of phenol. Nucleic acids were precipi- 
tated with isopropanol and the pellet redissolved in 50 pl TE buffer 
(10mM Tris HCI I mM EDTA, pH 7.5) containing 20 pg ml! 
RNase. After 1h at 37°C, 450 pl of 200 pg mi”! proteinase K in 
0.1% SDS were added for another hour at 37°C, followed by 
phenol extractions and isopropanol precipitations. Pellets were 
resuspended in 50 pl TE buffer and DNA was electrophoresed on 

a 1% agarose gel. 


poration of **P-phosphate evaluated. Controls were prepared 
from leaves from uninfected plants and from plants infected 
with the CaMV vector lacking the dhfr gene (pCa-BB1). 
Figure 4b is an autoradiograph of a gel (Fig. 4a) containing 
equivalent amounts of DNA extracted from uninfected and 
infected tissues. It can be seen that leaves infected with dhfr- 
containing chimaeric viruses (Ca-NB1 and Ca-NB2) incorpor- 
ated “P into DNA both in the presence and absence of 
methotrexate, whereas DNA synthesis in uninfected leaves 
(‘Uninf.’) or in those carrying control virus ((Ca-BBI’) was > 
blocked by methotrexate. This indicates that the methotrexate- > 
insensitive DHFR enzyme encoded by Ca-NBI and Ca-NB2 is 
active in turnip plants. The relative radioactivity in each labelled 











CDNA was determined in three éxperiments and in general, the 
incorporation of **P-phosphate into DNA in the presence of 
methotrexate was 12-21-fold higher in pCa-NBI (72+ 14%) and 
pCa-NB2-(84 + 4% ) infected tissues than in control tissues (3.9 + 

0.5% and 5.9+5% in uninfected and Ca-BBI-infected tissues, 

~ tespectively). 

Phenotypic expression of the dhfr gene in turnip plants was 

“evaluated by spraying plants with a methotrexate solution, Eight 

_ to ten days later, plants infected with viruses containing the dhfr 

"gene were little affected whereas uninfected plants and plants 

infected with pCa-BBI showed prominent symptoms of senes- 

cence (not shown). 

The fact that the complete ORF II of CaMV can be deleted 
and replaced by a foreign gene without significantly affecting 
the infectivity and replication of the virus indicates that no 
¿important transcriptional or translational signal sequences are 
„present in this region. Further work is required to show whether 
DNA sequences larger than the relatively small R67-dhfr gene 
< (234 bp) can be maintained in the viral genome. This should be 
: possible by using all the space provided by the ORF II deletion 

(470 bp) and by taking advantage of a possible overpackaging 

“capacity of CaMV particles’. Additional space in CaMV DNA 

-could also be obtained by combining the ORF H deletion with 
a large deletion made in ORF VII (L. Dixon and T.H., unpub- 

lished results). 

The successful expression of the bacterial dhfr coding 
-sequence in turnip demonstrates the feasibility of using a viral 
: vector to propagate and express foreign genes in plants. This 

type of vector should be particularly convenient for mediating 
athe rapid introduction of foreign genes into whole plants, and 
also for the expression of cDNA sequences. The high copy 
number and level of expression of a CaMV vector could lead 
to synthesis of relatively large amounts of a protein in infected 
cells. It should now be possible to use the CaMV-dhfr construc- 

„tons, in combination with the rapid and sensitive assay for 
DHFR activity, to improve the usefulness of CaMV as a vector. 

-For example, one could screen for new host plants on the basis 
of the expression of drug resistance rather than solely on the 

-appearance of symptoms. Similarly, less virulent CaMV strains 
might be isolated by introducing mutations in the chimaeric 

¿genome and by screening for those which eliminate symptoms 
without affecting viral replication. 

We thank E. Reich, B, Hohn, L. Dixon and H. Giroux for 
useful suggestions and discussions; R. Breathnach for the gift 
of material; M. Fling and M. Bourouis for the gift of purified 
R67-dhfr protein; H. Rink for synthesizing adaptor molecules; 
and P., Zwicky, T. Nyffenegger and V. Mandak for technical 
assistance. J.R.P. and B.G. were supported by EMBO fellow- 
ships and N.B. by a postdoctoral fellowship from the NSERC 
of Canada. This work was carried out while J.R.P. was on leave 

“of absence from the University of East Anglia, UK, and B.G. 
from the Institut fiir Genetik der Universitat Koln, FRG. 











eceived 29 May: accepted 12 June 1984, 


Franck, A., Guilley, H., Jonard, G., Richards, K. & Hirth, L. Cell 21, 283-294 (1980). 

. Gardner, R. C, et al. Nuclei Acids Res. 9, 2871-2888 (1981). 

. Balas, E., Guilley, H., Jonard, G, & Richards, K. Gene 19, 239-249 (1982). 

- Howell, S. H., Walker, L. L. & Dudley, R. K. Science 208, 1265-1267 (1980) 

» Lebeurier, G., Hirth, L, Hohn, T. & Hohn, B. Gene 12, 139-146 (1980). 

. Howell, S. H., Walker, L. L. & Walden, R. M, Nature 293, 483-486 (1981). 

. Gronenborn, B., Gardner, R. C., Schaefer, S. & Shepherd, R. J. Nature 294, 713-776 (1981). 
» Dixon, L. K., Koenig, I. & Hohn, T. Gene 25, 189-199 (1983), 

. Odell, J. T, Dudley, R. K. & Howell, $. H. Virology 114, 377-385 (1981). 

. Guilley, H., Dudley, R. K., Jonard, G., Bálázs, E. & Richards, K. E. Cell 30, 763-773 (1982). 
. Covey, S. N. & Hull, R. Virology 111, 463-474 (1981). 

. O'Hare, K., Benoist, C. & Breathnach, R. Proc natn. Acad. Sei, U.S.A. 78, 1527-153) {1981}, 
- Brisson, N, & Hohn, T. Gene 28, 265-269 (1984). 

> Blakley, R. L. The Biochemistry of Folic Acid and Related Pteridins, 139-187 (North-Holland, 
Amsterdam, 1969). 


EDET Sopp o ae 


TO qS Pattishall, K. Ho Acar, J., Burchall, J. 1, Goldstein, F. W, & Harvey, R. J. J. biol. Chem. 


282, 2319-2323 (1977). 
. Maxam, A. M. & Gilbert, W. Meth. Enzym, 6S, 499-560 (1980). 
47. Gardner, R. C. & Shepherd, R.J. Virology 106, 159-161 (1980). 
. Laemmli, U. K. Nature new Biol. 227, 680-685 (1970). 
9. Towbin, H., Staehelin, T. & Gordon, J. Proc, natn. Acad. Sci. USA 76, 4350-4354 (1979), 
. Fling, M. E. & Elwell, L. PL J. Bact. 141, 779-785 (1980). 
2h Nitsch, J. P. & Nitsch, C. Science 163, 83-87 (1969). 















ole of reverse transcription in the 
generation of extrachromosomal 
copia mobile genetic elements 


Andrew J. Flavell* 


The Imperial Cancer Research Fund, Mill Hill Laboratories, 
Burtonhole Lane, London NW7 LAD, UK 





The Drosophila genetic element copia is one of the best studied 
eukaryotic transposable sequences. Copia shares structural 
features with a wide variety of mobile elements in Drosophila’, 
Lepidoptera’, yeast** and vertebrates'”, the last class being the 
retrovirus proviruses. Furthermore, retrovirus-like particles con- 
taining copia RNA have been isolated from Drosophila cells® and 
extrachromosomal circular copias with structures closely resem- 
bling circular retrovirus proviruses have been isolated and 
cloned’. Therefore, copia-like elements and retroviruses may be 
members of a class of mobile genetic elements existing throughout 
the eukaryotic kingdom. Consequently, there has been speculation 
that retroviruses evolved from transposable elements’~’ and, con- 
versely, that copia-like elements transpose as retroviruses or retro- 
virus-like particles“ ”. To date, however, there has been no 
demonstration that copia RNA is reverse transcribed into copia 
DNA. The present report describes the isolation of linear extra- 
chromosomal copias whose structure closely resembles the 
analogous retrovirus provirus linears and whose synthesis is 
unaffected by inhibitors of the cellular DNA polymerase respon- 
sible for chromosomal DNA replication. 

Using a modification of the technique of Flavell and Ish- 
Horowicz’ for isolating circular extrachromosomal copias, I 
have detected linear extrachromosomal copias (Fig. la). The 
molecules are of identical size to a linearized complete copia 
circle containing two long terminal repeats (LTRs). The major 
extrachromosomal copia circle contains only one LTR but very 
low levels of 1-LTR linears were present, suggesting that the 
bulk of the linear extrachromosomal copias is not derived by 
random degradation during the isolation procedure. Further- 
more, 2-LTR copia linears possess a non-permuted structure. 
Digestion with EcoRI, which cuts the centre of genomic copias 
at two closely spaced sites (Fig. 1b), yields two fragments of 
2.3 and 2.4 kilobases (kb), consistent with the structure shown 
in Fig. 1d. Circular copias are effectively linearized by this 
procedure and contaminating genomic copias generate a smear 
of fragments greater than 2.3kb due to random EcoRI sites 
outside the elements. Digestion of linear copias with Pvull and 
Pst! (which each cleave copia at one site) gave the expected 
end fragments (Fig. 1c). Therefore, copia linears have a non- 
permuted structure closely resembling linear retrovirus pro- 
viruses, 

To address the question of whether extrachromosomal linear 
copias are derived by reverse transcription, | have analysed the 
uptake of 5-bromodeoxyuridine (BUdR) into these molecules. 
This compound has been used to probe the mechanism of 
synthesis of retrovirus proviruses”. Non-conservative synthesis. 
of provirus DNA by reverse transcription yields proviral DNA 
labelled on both strands (HH DNA) whereas semiconservative 
replication of chromosomal DNA labels only one strand (HL 
DNA) after one round of replication. These DNAs can be 
isolated from each other and from non-replicated DNA 
(LL DNA) by CsCl density gradient ultracentrifugation’®. 

Extrachromosomal DNA was isolated from Drosophila cells 
by Hirt extraction’! and CsCl isopycnic ultracentrifugation to 
resolve HH, HL and LL DNAs. Extrachromosomal copias were 
detected by agarose gel electrophoresis and Southern filter 





ry 


* Present address: Deparment of Biochemistry, The University, Dundee DDI 4HN, UK. 2 





> 


l 3-0 
Pvyu Il 












1-2 
Pst! 


Fig. 1 Characterization of extrachromosomal copia linear DNA. 
A sample of extrachromosomal copia DNA was purified by Hirt 
extraction'! and CsCl isopycnic ultracentrifugation, then assayed 
for copia sequences by Southern blotting”'*. a, Lane 1, 50 pg of a 
MspI restriction fragment of cDM2056 containing an intact 
genomic copia element together with 190 base pairs of flanking 
Drosophila DNA’. Lane 2, a linearized 2-LTR copia circle (pBB1) 
digested with Hindili’. Lane 3, extrachromosomal Drosophila 
cultured cell DNA. Lane 4, a linearized 1-LTR copia circle (pBB3 
digested with Hind IHY”: b; Digestion of copia extrachromosomal 
DNA with EcoRI. A DNA sample identical to that used in a, lane 
3 was digested with EcoRl.and assayed for copia-specific sequen- 
ces; The mobilities of marker Hindlll-digested A DNA fragments 
are shown. c, Digestion of copia extrachromosomal DNA with 
Pst] and Puull. A DNA sample identical to that used above was 
digested with PstI (lane 1), Prull (lane 3) or both enzymes (lane 
2). The sizes of the bands were calculated from the mobilities of 
parallel marker DNA fragments. d, EcoRI, Poull and PstI restric- 
tion map of a putative extrachromosomal linear copia element. 
The LTRs are shown (W). 


Fig. 2 Incorporation of bromo- 
deoxyuridine into extrachromo- 
somal copia elements. 5-Bromo- 
deoxyuridine (100 pg mi7') was 
added to exponentially growing 
Ke Drosophila cultured cells™* (10° 
cells). Extrachromosomal DNA was 
isolated from the cells by the method 
of Hirt!! at 24h (a) or 42h (b) after 
BUdR addition. The enriched 
extrachromosomal DNA sample was 
subjected to CsCl isopycnic ultracen- 
trifugation (10m! 10mM Tris-HCI 
(pH7.5), ImM EDTA plus 
13.71g CsCl in a Beckman 50Ti 
rotor at 35,000 rp.m. for 48h), 
Nucleic acids were recovered from 
the fractionated gradient by ethanol 
precipitation. 50% of each fraction 
was. assayed for copiaspecific 
sequences by agarose gel electro- 
phoresis (0.8% agarose in Tris- 
borate pH 8.3), Southern blotting 


. and probing with ??P-nick-translated copia DNA. The 
“92h: Fraction 1 is the bottom of the gradient, fraction 2 










circles are shown". 
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`2-LTR circular copias, together with contaminating genomic 





Fraction 
washed filter was exposed to Fuji RX film with an intensifying screen at ~70 °C for 
0 contains 50.pg of a linear genomic 5.1-kb copia element (see Fig. | legend)’. The 


‘focations of HH, HL and LL genomic DNAs in the gradients are shown (see text). The electrophoretic mobilities of high molecular weight 
“genomic DNA, nicked circular 1-LTR and 2-LTR copia DNAs, extrachromosomal linear copias and 1-LTR and 2-LTR supercoiled copia 








































hybridization’. Figure 2 shows the incorporation of BUR int 
extrachromosomal copias at varying times after addition to the 
medium. HH, HL and LL DNAs are well resolved, as are the 
linear 2-LTR copias and supercoiled and nicked 1-LTR and 






DNA. 

All three types of HH extrachromosomal copias (2-LTR 
linears and 1-LTR and 2-LTR circles) arise much more rapidly 
than the corresponding HH genomic DNA. Figure 2a shows 
that after 24h significant levels of all three HH extrachromo 
somal copias are present, whereas virtually none of the genomi 
copias have undergone two cycles of semiconservative replica- 
tion (as judged by the high molecular weight genomic. copia 
DNA signal in Fig. 2a). After 42 h, roughly 50% of the extra- 
chromosomal copias are in the HH fraction but the amount of 
HH genomic copia also has increased (Fig. 2b). By visual 
comparison of the HH to HL ratio of extrachromosomal copias 
with the corresponding ratio for genomic copias in several differ- 
ent exposures of the autoradiograms in Fig. 1, I conclude that 
all three types of HH copia extrachromosomal DNA arise 
approximately 10 times more rapidly than HH genomic DNA. 

These data show that extrachromosomal HH copia DNA 
accumulates more rapidly than HH genomic copias and are 
consistent with the proposition that extrachromosomal copias. ` 
are generated by reverse transcription. However, they do not 
exclude the possibility that some citcular copias replicate semi- 
conservatively at a higher rate than genomic DNA. To resolve 
this, the endogenous background of semiconservative DNA... 
replication was lowered by use of the DNA polymerase a 
inhibitor aphidicholin (see ref. 13 for review). As aphidicholin 
does not inhibit vertebrate reverse transcriptase'*'’, a similar 
experiment to that shown in Fig. 2 was performed in the presence 
of this inhibitor (Fig. 3). In this case, accurate quantitative 
determination of the inhibition of semiconservative replication 
was made by isolating chromosomal DNAs from the Hirt pellets 
and subjecting them to isopycnic ultracentrifugation and 
Southern dot-blot analysis. 

Comparison of amounts of HH, HL and LL genomic copias 
accumulated after a 24-h BUGR labelling in the presence and 
absence of aphidicholin (Fig. 3a) indicated that aphidicholin 
inhibited the incorporation of BUdR into HL genomic DNA 
by ~65%. If HH extrachromosomal copias were generated by 
two rounds of semiconservative replication, this would be reflec- 
ted as a compound of two successive 65% inhibitions such that 

12% of the control level of HH extrachromosomal copia DNA 
would be expected. Figure 3b, c demonstrates that there is no 
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Fig. 3 The effect of aphidicholin on BUAR incorporation into extrachromosomal copias. A similar experiment to that described in Fig. 2 was 
performed with thé modification that aphidicholin was added to one set of dishes (50 weg ml7', 108 cells) 6h before BUdR addition. This 
treatment resulted in negligible cell lethality in control experiments and the cultures could be rescued by medium replacement (data not 
shown), Hirt extraction was performed 24h after addition of BUdR"’. a, Genomic DNA was isolated from the Hirt pellets of the above 
experiments and assayed for copia sequences in HH, HL and LL DNAs by CsCl ultracentrifugation followed by dot-blot analysis. 10 ul of 
each gradient fraction was spotted direct onto dry nitrocellulose, the filter was placed in 0.5 M NaOH, 1 M NaCl for 5 min followed by 1M 
Tris-HCI pH 7.5, 3M NaCl for 15min. The filter was baked and probed with *?P-labelled copia DNA (10° c.p.m. per pg) as before, the 
individual fraction spots were cut out and assayed for Cerenkov radiation in a scintillation counter. @, Minus aphidicholin; ©, plus aphidicholin. 
The gradient locations of HH, HL and LL DNAs are shown. b, Hirt supernatants from the minus aphidicholin control were treated as for 
Fig. 2. c, Hirt supernatants from the aphidicholin-treated cells were assayed for extrachromosomal copias for Fig. 2. 


detectable inhibition of synthesis of HH copia linears in the 

presence of aphidicholin. However, the corresponding levels of 
-both classes of HH copia circles are reduced about threefold 
-by aphidicholin. Analogous experiments with retroviruses have 
‘given similar results'*'’, leading to the conclusion that DNA 
polymerase æ may be involved in the maturation of circular 
proviruses, possibly in the circularization step(s). 

Could linear extrachromosomal copias be synthesized by an 
alternative DNA-dependent DNA polymerase? The other cel- 
lular polymerases (8 and y) are resistant to aphidicholin but 
polymerase B is exclusively a DNA repair enzyme’® and poly- 
merase y is a mitochondrial replication enzyme'®. 1 know of no 
_-report of viral DNA polymerases in Drosophila. Furthermore, 

viral DNA-dependent DNA polymerases such as those of 
adenoviruses and herpes viruses which replicate linear viral 
DNAs require structural features at the linear termini which are 
not found in copia'’; indeed, all the structural features of copia 
point to a reverse transcription model for its replication. The 
only plausible enzyme is therefore a reverse transcriptase. 
Although it is possible that extrachromosomal copias are gener- 
ated by a polymerase not associated with a virus-like particle, 
the most likely explanation for the data reported here and those 

f Shiba and Saigo® is that copia can exist as a retrovirus-like 

entity analogous to the A-type particles of mice'*'’. In support 
of this conclusion, reverse transcriptase-like activity has been 

-feported in Drosophila cultured cells” and in Drosophila retro- 
virus-like particles®. 

Several experiments suggest that a proportion of circular 
‘copias can be derived by alternative mechanisms to reverse 
transcription. First, the sequence of two cloned 2-LTR circles 
-at the LTR-LTR junctions suggests that these particular 

molecules were created by excision of genomic copias*. 1-LTR 
circles cannot be analysed in this way, but studies with other 
-copia-like elements support the view that 1-LTR circles can be 
_ derived by genomic excision. LTR-LTR recombinative excision 
-of genomic copia-like elements has been observed in yeast”! and 
mice”; in the latter case the element is an ecotropic murine 
_ leukaemia retrovirus provirus. Second, copia circles may be 
“derived by replication as plasmids. The HE copia circles seen 
<in the present experiments (Figs 2, 3) could: represent semicon- 


servatively replicating copia circles, recently excised copias 
which replicated in the genome during the labelling period or 
HH copia circles which incorporated BUdR shortly after its 
addition to the cells (when the intracellular concentration of 
BUAR, and hence the density of the resultant DNA, was lower). 
The third explanation is unlikely as there is a discernible optimal 
density of these molecules, corresponding exactly to that of HL 
genomic DNA. These experiments do not resolve the first two 
possibilities, but I consider it likely that semiconservative repli- 
cation is at least in part responsible for the synthesis of HL 
copia circles. Copia-based plasmid vectors are capable of repli- 
cation in cultured Drosophila cells”, although it is not known 
whether copia possesses the replication origin in these con- 
structs. Such replication is presumably semiconservative. 

I thank David Ish-Horowicz for many stimulating discussions 
and for help in the preparation of this manuscript. I also thank 
Harold Varmus for discussions which initiated this work and 
Natalie Teich for advice on BUAR labelling. 
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Round the world of climatology 





T. M. L. Wigley 





The Coevolution of Climate and Life. By Stephen H. Schneider and Randi Londer. 
Sierra Club Books: 1984. Pp. 563. $25, £21.75. 





A GOOD book should require no lengthy 
accolade. Schneider and Londer’s book is 
good, and I can summarize it no better than 
do the authors in their opening sentence. 


The Coevolution of Climate and Life explores 
the earth's climate history and some possible 
scenarios for its future; the mechanisms of 
climate change; and the political and ethical 
implications of the discoveries of climatologists. 


These are ambitious aims. They are 
achieved here in eminently readable prose, 
the. text brimming also with facts and 
details. At times the reader may be almost 
overwhelmed: by. the rate at which 
information is introduced — but this will 
serve only to excite and stimulate. Perhaps 
the most refreshing aspect of this book is its 
critical attitude. This is no boring review of 
the field; rather it is a true synthesis, 





discussing topics in a broad framework, 
gently demolishing many of the idle 
speculations which have crept into the 
literature, and giving the reader fresh 
insights. 

Who, then, is this book directed 
towards? It is clearly meant not only for the 
lay-person, but also for a wide spectrum of 
decision-makers in politics, science and 
industry. It is absorbing, comprehensive 
and so authoritative that it should find 
wide use as a textbook in climatology or 
palaeoclimatology. The references are 
extensive and provide a well-selected guide 
to. the modern literature of that diverse 
variety of fields which impinge on 
climatology. , E 





T.M.L. Wigley is Director of the Climatic 
Research Unit at the University of East Anglia, 
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Making drugs (and soaking the poor?) 
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The Pharmaceutical Industry and Dependency in the Third World. 


By Gary Gereffi. 


Princeton University Press: 1983. Pp.291. Hbk $25, £25, pbk $9.95, £7.70. 





I DousT whether an accurate and all- 
encompassing account of the pharmaceuti- 
calindustry and Third World countries can 
be written by one author. Certainly, Gary 
Gereffi. is not that person. Ideally the 
author would combine the expertise of a 
development economist (Gereffi fits that 
requirement) with practical experience of 
the management of a large pharmaceutical 
company (Gereffi has none), and be a 
chemist (I shall not cite the many mistakes 
to illustrate that chemistry is not Gereffi’s 
forte). This last requirement is imposed by 
Gereffi’s choice of the specific illustration 
to support his thesis — namely, the steroid 
industry in Mexico. This leads to the se- 
cond reason why this book is historically 
valuable but almost useless from the stand- 
point of policy. I can think of no worse ex- 
ample to discuss the dependency of Third 
World countries in the manufacture and 
distribution of pharmaceuticals than the 
rise and fall of Mexico’s steroid industry, 
which is completely sui generis. 

The first part of the book (‘‘Historical- 
Structural Dependericy Analysis: Theory 
and. Third World Development”) reads 
like a PhD thesis with a pretty turgid style. 
For instance, few people will understand 
he sentence (p.19); “This multiplicity of 

dependency structures implies a far 












more variegated set of political options 
than the Manichean dichotomies brandish- 
ed by Frank and Dos Santos”. Basically 
Gereffi’s thesis is that underdevelopment 
in the Third World is a consequence of 
capitalism and that nationalization of 
foreign-dominated industries — in this 
case the pharmaceutical industry — is the 
answer. The dependency theory is then 
tested in the much more readable second 
part (‘‘A Crucial-case Test of Dependency 
Theory: The Steroid Hormone Industry in 
Mexico”), which is supposed to tell us 
something about the more general problem 
of ‘The Pharmaceutical Industry in a 
Third World Context’, covered in the 
third part of the book. 

The drug requirements of the Third 
World (LDCs) differ tremendously from 
those of technologically developed coun- 
tries (DCs), which are the financial and 
managerial domiciles of the trans-national 
pharmaceutical companies. The DCs are 
basically geriatric countries with emphasis 
on costly geriatric medicine (cardiovascu- 
lar diseases, cancer, expensive surgery and 
so on). In contrast, the LDCs are paediatric 
countries which, in addition to the usual 
problem of high infant mortality, are hor- 
ribly burdened by parasitic diseases to 
which the DCs and, ipso facto the trans- 























































national pharmaceutical companies, pay 
little attention. The really important drugs 
for most LDC populations can be counted 
on the figures of two hands, and with the 
possible exception of oral contraceptives 
they are not steroids. While the drug prob- 
lems of the Third World are very real ones, 
the trans-national companies are neither 
going to provide the answer to them nor are 
they the key or only culprits. Economists 
almost always focus on the cost of drugs 
and their high profitability. While such 
considerations are not unimportant, th 
crucial factors are the national health. care 
system that selects and distributes the. 
drugs, and — even more fundamentally — 
the unmet drug requirements of the LDCs 
which are not a high priority of the inter: 
national research and development consti-: 
tuency. The People’s Republic of China 
and India are exceptions, in that they are 
not only self-sufficient in the manufacture: 
of the key, basic drugs, but also do research 
on locally important health problems. Th 
fairly recent programme of the World 
Health Organization on research in. 
tropical diseases is an important exceptio 
where the priorities of the LDCs are taken 
into consideration and where trang 
national companies play a relatively minor 
role. 
These, however, are all topics which ar 
peripheral for Gereffi. Instead he focuses: 
on the remarkable story of the Mexican. 
steroid industry. Steroids are glamow 
drugs — sex hormones, corticosteroids 
diuretics, oral contraceptives — but excep 
for contraceptives they really do not'affect: 
the poor, and the overall dollar volumes 
(well discussed by Gereffi) are all smal 
compared to antibiotics, tranquillizers, 
and cardiovascular and anti-ulcer.drugs, 
During the 1940s, steroid drugs were ex- 
pensive, were manufactured by a Europea 
cartel of pharmaceutical companies, and 
were limited to sex hormones and the 
adrenal hormone deoxycorticosterone. 
Most of them were produced by highly 
complicated and inefficient processes from 
cholesterol. In the late 1930s, Russell 
Marker, an American maverick chemi 
without a PhD (itself an amusing story), 
discovered that a steroidal sapogenin, 
diosgenin, is abundant in various tropical 
yams (the closest source to the United 
States being Mexico), and while working at 
Pennsylvania State College developed a 
highly efficient process which led directly’: 
to progesterone. According to Marker, 
American pharmaceutical companies were. 
not interested and, in 1944, together with 
two Mexican entrepreneurs, he founded 
Syntex — a small pharmaceutical com» 
pany. Gereffi tells this story well and it 
needs little embellishment by me. Suffice it. 
to say, that, as as a result of Syntex’s entry, 
the high prices of the sex hormones produc- 
ed in Europe dropped precipitously and 
basically led to the demise of the European 
hormone cartel with diosgenin becoming 
the preferred raw material. Around 1950, 
































































Syntex’s total salés were $5 million or so 
and. consisted exclusively of bulk export 
sales of standard hormones. Two events 
‘occurred at that time which changed the 
situation dramatically. 

One was the enlightened decision by the 
owners of Syntex to establish a research 
laboratory and to bring to Mexico well- 
trained steroid chemists from North 
America and Europe, since the number of 
Mexican PhD organic chemists was tiny. 
-The second event was the discovery of the 
therapeutic effects of cortisone — in 1950a 
rare and very expensive drug — and the 
likelihood that corticosteroids used in ar- 
thritis might become the first steroid drug 
.. with sales in the many tens of millions of 
dollars. Syntex contributed heavily to that 
scientific field; apart from the work in its 
own laboratories, the entire research 
budget of the Institute of Chemistry of the 
National Autonomous University of 
Mexico was funded by the company and 
within a decade this led to a flourishing 
graduate programme in steroid and natural 
products chemistry. The impact of the im- 
“ported European and American chemists 
(most of them directly or indirectly 
refugees from Hitler’s Europe) upon the 
Mexican chemical scene is not mentioned 
at all by Gereffi; in my opinion it 
represented a major, albeit intangible, 
benefit which neither the Mexican politi- 
cians nor the economists ever recognized or 
calculated. The research programme was 
then extended from the development of 
new synthetic approaches to known 
steroids (sex hormones, cortisone) to the 
synthesis and development of new propri- 
etary drugs. By the late 1950s, Syntex 
| chemists had discovered the first oral con- 
traceptive, the most powerful new topical 
corticosteroid, a novel anabolic agent and 
several other proprietary steroid drugs — a 
record of productivity virtually unequalled 
by any of the large trans-national com- 
panies with sales volumes of ten to several 
hundred times that of Syntex. 

Syntex was well on the way to becoming 
the first trans-national pharmaceutical 
company founded and operating in a Third 
World country. In fact it is such a company 
«now, its 1960 sales of less than $10 million 
having multiplied by a factor of one hun- 
dred within a quarter of a century. 
However, neither the corporate head- 
quarters nor most of the research facilities 
are now in Mexico. What went wrong? The 
factual account is well reported by Gereffi, 
but his conclusions are at best naive. In- 
dustrial corporations — large or small, 
trans-national or national (frequently the 


Cancer series 

“The first volume to emerge from a new series of 
.eonferences on the cancer cell has been pub- 
“dished by Cold Spring Harbor Laboratory. The 
Transformed Phenotype is edited by A.J. 
Levine, G.F. Vande Woude, W.C. Topp and 
J.D. Watson, and is the record of a meeting held 
in September 1983 (reported in Nature 305, 470; 
1983). Price of the book, a large-format 
-flexicover, is $45 (US), $54 (elsewhere). 





most venial of them all), capitalist or 








socialist — are not philanthropic organiza- 
tions and it is unreasonable to expect them 
to be more idealistic than the politicians 
running their respective countries. A good 
part of what Gereffi has missed can be 
found in my paper (Proc. R. Soc. Lond, B. 
19§, 175-188; 1976) which is absent from 
his otherwise extensive bibliography. This 
paper deals precisely with the question rais- 
ed by Gereffi’s Mexican example — 
“technical versus political aspects”. The 
last two sentences of the abstract tell it all: 


The rise and decline of the steroid industry in 
Mexico is a sad but instructive example of how 
lack of resolution in the conflicting priorities 
(economic versus political) of multinational 
pharmaceutical companies and a developing 
country can lead to the possible dismantlement 
of a flourishing high technology. There are im- 
portant differences between petroleum and 
steroids, which make the OPEC strategy non- 
viable in the steroid field. 


The ultimately fatal mistake of the Mexi- 
cans was to concentrate on the price of a 
commodity — the yam. By doing so, they 
essentially made the choice in favour of 
commodities (yam, diosgenin, low ‘‘me- 
too’’ technology intermediates) and 
against research-orientated aims, which, 
for the first time in a Third World country, 
would have created a local pharmaceutical 
company of international calibre. In this 
context Gereffi makes some oversimplified 
and even incorrect generalizations — he 
cites Argentina as a country that actually 
managed to perform research leading to 
drug development by local companies. If 
one internationally recognized drug has 
come out of that research, it has escaped 
my attention. Gereffi talks about con- 
sumer welfare (p.118) and the fact that 
local government-sponsored companies 
were able to outbid Syntex on price con- 
cessions for drugs for the Mexican internal 
market (which in any event was piddling 
except for oral contraceptives). He forgets 
that these were ‘‘me-too”’ enterprises with 
no research and development behind them. 
Gereffi also claims (p.128) that corruption 
was part of ‘‘business as usual’’ in the Mex- 
ican steroid industry without making it 
clear that such corruption permeated the 
entire fibre of all Mexican business — in- 
deed of Mexican life; it would have been 
impossible to operate in the 1945-1975 
period without recourse to bribes. 

The height of naivety, though under- 
standable, was the demand in Mexico for 
nationalization of the steroid industry 
which led to Syntex’s move from the coun- 
try (pp. 142-144). This was an OPEC-type 
strategy at its most inappropriate. Oil wasa 
world-wide necessity, and nationalization 
coupled with ruthless raising of the price 
was feasible because there were no immedi- 
ate alternatives. The 1970s, Mexico and 
yam-derived diosgenin simply did not fit 
such a picture. The moment the trans- 
national companies (by then Syntex had 
joined the club) realized what was going to 
happen, they took alternative steps — 








notably, they looked at total synthesis and: 
novel microbiological transformations. 
These steroid equivalents to the introduc- 
tion of nuclear energy in lieu of oil took on- 
ly a few years — not decades — and once 
the investment and manufacturing decision 
had been made, no lowering of the price of 
the Mexican commodity was. ever going to 
reverse that decision to manufacture 
steroids elsewhere by a process which is not 
subject to sudden political moves. 

One category of steroid drug — oral con- 
traceptives — merits separate discussion. 
This is the only type of steroid that I would 
consider to be an essential component of 
the ‘“‘bare-foot doctor’s bag’’ of Third 
World countries. But even here one can 
make a case that simple economic analyses 
miss the point and that nationalization is 
no panacea. At one time, most of the 
world’s oral contraceptives were manufac- 
tured in Mexico — the country of their 
discovery. Yet by 1972, when the Mexican 
government was still indifferent to pro- 
blems of over-population, the writing of 
the demise of the Mexican steroid industry 
was already on the wall. Total synthesis 
(from air, coal and water) rather than par- 
tial synthesis (from diosgenin and other 
plant-derived intermediates) became econ- 
omically competitive and politically pru- 
dent. Gereffi implies (p.134) that this also 
happened in the United States, with total 
synthesis (at that time only of oral contra- 
ceptives) entering the stage in 1973. This is 
untrue. To my knowledge, neither in 1973 
or now, are any oral contraceptives 
manufactured by total synthesis in the 
United States. In fact, the active ingre- 
dients are not manufactured at all in the 
United States, but rather come from Ger- 
many and France. To that extent, the 
United States appears to be as dependent 
on foreigners as the Mexicans or other 
Third World countries. I doubt, however, 
whether this is reflected in the price paid by 
the American or Mexican consumer or that 
American companies or the United States 
government lose much sleep over it. ; 

More telling is the point that almost any | 
Third World country can get oral contra- | 
ceptives free, or certainly at a lower price 
than they could ever manufacture them 
domestically. An example is the Philip- 
pines — a country that received such quan- 
tities of American donated oral contracep- 
tives that much of the supply ended up in 
storage beyond the five-year expiration 
deadline. It was the inefficient local 
delivery system and infrastructure which 
was at fault, not the price of the drug. 

Trans-national companies are not 
always the villains, and Third World 
dependency upon the international phar- 
maceutical industry is a grey question. Too 
many economists, Gereffi among them, 
make it appear black or white. O 





Carl Djerassi is Professor of Chemistry at 
Stanford University. From 1950 to 1952 and 
1957 to 1960 he was Head of Syntex’s Research 
in Mexico. 4 





Being an astronomer, 
being a woman 
Owen Gingerich 








Cecilia Payne-Gaposchkin: An 
Autobiography and other Recollections. 
Edited by Katherine Haramundanis. 
Cambridge University Press: 1984. 

Pp. 275. £19.50, $34.50. 





CECILIA Helena Payne-Gaposchkin was 
the most eminent woman astronomer of all 
time. In 1925, while a graduate student at 
Harvard Observatory, she applied the 
newly discovered Saha equations to an 
analysis of the temperatures of stellar 
atmospheres. Her solution was so 
thorough that afterwards temperatures of 
stars essentially became a non-problem, 
and most astronomers came to believe that 
the main thrust of her thesis concerned the 
composition of stars. In fact, though the 
analysis of chemical abundances was 
originally only ancillary to her study, it 
turned out to be the most important result: 
she had demonstrated that the great 
majority of stars had quite similar chemical 
abundances and that the widely varying 
appearances of stellar spectra arose from 
physical rather than compositional 
differences. 

The Dyer’s Hand, which constitutes the 
main part of this book, is a reflective but 
all-too-terse autobiographical account 
written near the end of her life. She brought 
the richness of an earlier English education 
to her writing, her book being filled with 
splendid though often cryptic literary 
allusions. Indeed, we may well wonder how 
far to read Shakespeare beyond the title 
quotation: 


My nature is subdu’d 
To what it works in, like the dyer’s hand; 
Pity me, then, and wish I were renew’d. 


In the short Part III of her account, entitled 
“The Dyer’s Hand Subdued’’, she tells of 
her marriage to Sergei Gaposchkin, a 
stateless Russian emigré and brilliant 
variable-star astronomer, and of her own 
change of career from spectroscopy to 
photometry. 

Payne-Gaposchkin was a modest 
women. She firmly believed that scientific 
discoveries would inevitably be made, if 
not by one researcher, then by another, and 
her autobiography is the poorer for this. 
She lived in an age of heroic changes in our 
perception of the astronomical universe, 
and she knew many colourful figures who, 
like herself, contributed to these advances. 
However, she always bent toward the side 
of caution, taking care to include nothing 
“actionable” in her story. There are, 
nonetheless, wonderful moments in the 
book. In describing her undergraduate 
education in the English Cambridge, she 
wrote (p. 117): 

The stress. was on observation. ‘One 




















OK REVIEWS- 


thoroughgoing experiment,’ Rutherford 
thundered in one of his lectures, ‘is worth all the 
theories in the world — even if those theories are 
those of a Bohr.’ Years later, Eddington uttered 
the dictum that he would not believe an 
observation unless it was supported by a good 
theory. I was an astronomer by that time and 
knew him well. I told him that I was shocked by 
his pronouncement. He smiled gently. ‘I thought 
it would be good for Rutherford,’ he said. 


This edition has been enriched by a trio 
of introductory essays. Caltech’s Jesse 
Greenstein, who first became acquainted 
with Payne-Gaposchkin when he was a 
student at Harvard, fills in the scientific 
background of her accomplishments. 
Peggy Kidwell, a professional historian of 
science who is currently writing a longer 
biography of Payne-Gaposchkin, presents 
a carefully documented outside view, 
especially of Cecilia Payne’s early years at 
Harvard. Here we find, in sharper relief 
than in the autobiography, some of the 
difficulties facing a brilliant woman who 
was competing in a man’s world. Finally, 
Payne-Gaposchkin’s daughter, Katharine 
Haramundanis (the editor and prime 
mover in the preparation of this volume), 
gives an engaging picture of life in the 
Gaposchkin household. Her story 
significantly strengthens the book, for it 
fills in precisely where her mother’s 
account is the weakest. 

Important as Payne-Gaposchkin’s 
astronomical contributions were, the 


TOTORO: 


Part analysis 
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Electroanalytical Chemistry. 
By Basil H. Vassos and Galen W., Ewing. 
Wiley: 1984. Pp.255. £39.85, $51.75. 





IN their preface, Vassos and Ewing tell us 
that they set themselves the task of writing 
a book to include “‘those aspects of 
electrochemistry, both theoretical and 
practical, that a graduate student 
specializing in analytical chemistry should 
master”. Where they succeed in 
maintaining this selectivity, the book meets 
the needs of its intended readership — it 
contains clear, lively and up-to-date 
accounts of polarography, linear sweep, 
pulse and ac voltammetries, stripping 
analysis and hydrodynamic electrodes. The 
principles of these methods are well 
explained without the reader being 
burdened with excessive mathematics. In 
particular the sections on instrumentation 
and practice are excellent. 

However the above topics occupy just 
over half of the book. The rest consists of a 
whirlwind tour through much of the 
remainder of electrochemistry. Thus topics 
such as classical thermodynamic electro- 
chemistry, double-layer theory and electro- 
capillarity, reference electrodes, ion- 
selective electrodes, diffusion phenomena 






















































interest in this narrative clearly lies in the 
fact that it was written by a scientist who 
had an uphill struggle on account of her 
sex. She tells of teaching and advising 
Harvard graduate students in a day when 
no woman could be listed in the catalogue, 
and she frankly expresses her jealousy o 
Harry Plaskett, a contemporary 
astrophysicist whose advancement came so 
much easier than her own. Eventually: 
Payne-Gaposchkin became the first 
woman professor to be promoted from the 
ranks at Harvard, and simultaneously the: 
first woman to become the chairman of a 
department there. Not until 1977, at the. 
age of 76, did she win the Henry Norris 
Russell lectureship, the highest honour of 
the American Astronomical Society, where’ 
she bluntly told the audience ‘‘Ten, 20, 30, 
40, 50 years ago I could have given you 
news. Today I can offer only a panorama”; 

Never a militant women’s liberationist, 
she expressed her attitude in her advice to” 
young women (p. 227): ; 
Do not undertake a scientific career in quest of 
fame or money. There are easier and better ways 
to reach them. Undertake it only if nothing else 
will satisfy you; for nothing else is probably. 
what. you will receive. Your reward will be the: 
widening of the horizon as you climb. And i 
you achieve that reward you will ask no other. [9 ; 





Owen Gingerich is Professor of Astronomy. 
and History of Science at the Harvard-Smith- 
sonian Center for Astrophysics. Cambridge, 
Massachusetts, ; 


and electrode kinetics all appear in the earl 
chapters, but are treated with such brevity. 
that novices will be forced to turn elsewhere” 
to be able to proceed while the initiated will 
find little that is new to them. In the last 
quarter of the book the authors have added» 
discussion of the fractional calculus, semi 
conductor electrochemistry and coupled 
electrochemical~spectroscopic methods 
again, inclusion of this material seems a 
variance with the needs of their intended. 
audience. ; 

Overall, the book has the appearance of- 
a textbook on modern electrochemical 
methods rather than one exclusively 
devoted to electroanalysis, but I suspect. 
that those seeking such a book will choose. 
either the superbly thorough work by Bard: 
and Faulkner (Electrochemical Methods; | 
Wiley, 1980), or the more idiosyncratic: 
style of Albery (Electrode Kinetics; Oxford. 
University Press, 1975), to name two 
textbooks in the field. Nevertheless where ` 
the authors stick to their brief the book is. 
very good indeed. It merits the attention of © 
those teaching courses on electroanalytical 
chemistry, and of analytical chemists in 
general — although one imagines that a 
book described on the dust-jacket as © 
“extremely practical’’, but which contains. 
but 19 lines on microprocessors, will date 
rather rapidly! E 





Richard Compton is a Lecturer in Physical 
Chemistry at the University of Liverpool, 
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WITH the continuing excitement over 
< oncogenes and their role in malignant 
transformation, the use of the term 
“molecular biology” in relation to the 
study of cancer has an almost sacerdotal 
ring about it. The high priests of molecular 
biology will therefore be disappointed 
when they browse through Molecular 
Biology of Mutagens and Carcinogens, for 
apart from a veiled reference to the 
discovery of a point mutation in a cell 
derived from human bladder carcinoma 
(presumably the G to T transversion in the 
oncogene of the T24/EJ cell line), and a 
short chapter on site-directed mutagenesis, 
Singer and Grunberger’s book contains 
little in the way of molecular biology as 
the term is now generally understood. 

What the book does contain is a succinct 
yet valuable series of chapters summarizing 
the results of several decades of fundamen- 
» tal research on the reaction of carcinogens 
and mutagens with nucleic acids, Most of 
the work described is firmly based on the 
older disciplines of chemistry and 
< biochemistry. To this extent, therefore, the 
“title is misleading. 

From the outset, the authors (both 
leading investigators in this area of 
--research) declare their allegiance to the 
somatic mutation theory of chemical car- 
cinogenesis by stating in their introduction 
“that the initiation stage of carcinogenesis is 
the term they use for the covalent binding 
“of a reactive group to a nucleotide in an 
informational macromolecule. They also 
‘equate ‘‘direct modification of nucleic 
“acids”? with “somatic mutation”, a form 
_ of mental short-hand in which accuracy is 
the victim of brevity. There then follow 
chapters describing in detail the physical 
and chemical properties of nucleic acids 
and the great variety of ways in which very 
diverse kinds of chemicals (directly or 
following metabolism) can react with or 
modify the structure, function or repair of 
DNA. Description of recent techniques (of 
exquisite sensitivity) for the detection of 
DNA adducts such as post-labelling and 
radio-immune assay is included. Each 
chapter ends with a list of selected 
“references, and a wealth of other references 
“are included in legends to figures and 
tables. The book ends with about 70 very 
“useful pages of UV spectra and dissociation 
constants of a wide range of naturally 
“occurring and chemically modified bases, 
: nucleosides and nucleotides. 

There is some evidence of less than 
rigorous editing. For example, on page 3, 
the natural plant products safrole and 
--estragole are mentioned, as it were, in the 











‘same breath as aflatoxin, being described 


as ‘‘some of the most potent carcinogens 
known’’. However, safrole and estragole 
are in fact very weak carcinogens (as is 
made clear later in the text), being several 
orders of magnitude less potent than 
aflatoxin B,. 

Although this volume cannot compete 
either in scope or in depth with the 
monumental American Chemical Society 
Monograph 173, Chemical Carcinogens 
edited by C.E. Searle (of which a second 
edition is in press), it is nevertheless a 


helpful and up-to-date source of reference. _ 


Anyone interested in chemical mutagenesis 
and carcinogenesis, from undergraduate 
level upwards, will find it rewarding. QO 





5S. Venitt is a member of the Scientific Staff of 
the Section of Chemical Carcinogenesis in the 
Institute of Cancer Research, Sutton, Surrey. 
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IT IS some 70 years since ‘‘fat-soluble A” 
was shown to have growth-promoting ac- 
tivity in rats. This material was eventually 
purified to yield vitamin A, the chemical 
structure of which was determined in 1930 
by Karrer. The first specific biological 
function of vitamin A was demonstrated in 
1934 by Wald — who showed a related 
compound, retinene, was the co-factor of 
the protein rhodopsin which is the photo- 
sensitive pigment in vision — but it was not 
until 1944 that retinene was characterized 
as vitamin A aldehyde by Morton. 

Since then developments in the study of 
vitamin A have been numerous, and many 
investigators have widened their horizons 
and moved away from the classical nutri- 
tional approach, Indeed so many com- 
pounds, both natural and synthetic, with 
vitamin A activity of some kind, have been 
now examined that a new nomenclature 
has been devised; hence the title of these 
volumes. Retinoids are ‘‘those diter- 
penoids derived from a monocyclic parent 
compound containing five C-C double 
bonds and a functional group at the ter- 
minus of the acyclic portion”. Thus 
vitamin A is retinol and retinene is retinal. 
The term retinoid tends to emphasize that 
the only role of “vitamin A” fully explain- 
ed at the biochemical level is its function in 
vision, 

The two volumes are a collection of 16 
authoritative essays on most aspects of 
retinoid chemistry, biochemistry, mole- 
cular biology and pharmacology. Clinical 
applications are also covered. All the con- 
tributors but one are from the United 














States; the exception being F. Frinckel who 
has provided a comprehensive review on 
the chemistry and physical properties of 
the retinoids. There follow equally stimu- 
lating contributions on the production of 
labelled retinoids (by the late H.H. Kaegi), 
on extraction and separation with par- 
ticular emphasis on the use of HPLC, and 
on biological assays, this last chapter 
including a valuable table which lists the 
activity of some 30 retinoids in nine assays. 
In spite of many efforts by enlightened 
workers, vitamin A deficiency in the Third 
World is still a grave nutritional problem 
and the topic deserves the thoughtful con- 
sideration provided here by Barbara A. 
Underwood. All these chapters are in the 
first volume which ends with an index anda 
20-page appendix of structural formulae 
and specific names of known retinoids. 

The publishers have generously repeated 
the appendix in the second volume, which 
is concerned with the metabolism, biologi- 
cal functions and clinical activity of retin- 
oids. Retinol-binding protein (RBP) and 
cellular retinol-binding protein (CRBP) are 
discussed in detail, as is the role of the 
retinoids in photosynthetic systems. In 
contrast, the bias of the book towards 
animal function has inevitably led to a 
somewhat perfunctory coverage of the 
important bacteriorhodopsins. 

For the rest of Vol.2 we have summaries 
of new evidence for novel retinoid func- 
tions, none of which has yet been explained 
at the biochemical level. The most obvious 
function which should be amenable to bio- 
chemical explanation — glycosyl transfer 
reactions reflecting the changes in cell- 
surface glycoconjugates in growth and dif- 
ferentiation — still requires the clear 
demonstration of a role for retinoids 
distinct from dolichol and the mode of par- 
ticipation of retinoid acid, which is far 
more active than retinol in this system. This 
unsatisfactory state of affairs is thought by 
Roberts and Spon to be due to the failure of 
investigators to consider in detail the cen- 
tral part of genes in these effects; indeed, 
we eagerly await a breakthrough indicating 
how retinoids control gene expression. 

A controversial issue at the moment is 
the possible role of retinoids in cancer con- 
trol. The review by Moon and Itri makes 
it clear that retinoids can modify differ- 
entiation of preneoplastic and neoplastic 
tissues, but the clinical potential requires 
much further assessment. However, one 
success story is the extremely effective ac- 
tion of these compounds in certain derma- 
tological conditions, 

Between them the two volumes provide a 
thorough-going, up-to-date and well- 
poised account of the current status of 
retinoid research. As such a wide variety of 
research workers and clinicians will need 


access to them. oO 





T.W. Goodwin is Emeritus Professor of 
Biochemistry at the University of Liverpool. 
Volume II (Animals) of his work The Bio- 
chemistry of the Carotenoids has recently ap- 
peared in a second edition. x 
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Wheels, Life and Other Mathematical 
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MARTIN Gardner’s fans, many of whom 
have been suffering withdrawal symptoms 
since his retirement from Scientific 
American, can take some comfort in the 
fact that the books of his collected columns 
are several years behindhand. Wheels, Life 

„and Other Mathematical Amusements is 
his first collection since 1979 and covers the 
years 1970-1972, 

Gardner’s columns invariably attracted 

many other people to work on the 
` problems he discussed and their results 
would be reported in later columns. In 
previous collections, such material was 
generally simply appended to the original 
article. However, the great lapse of time 
from the initial appearance of these articles 
has required much revision and addition to 
many of them, sometimes as long as the 
originals. Indeed, there is a whole new 
chapter on the Game of Life. Thus there is 
more new material in this collection than 
_ one would have expected. 

-Among the highlights is the account of 
non-transitive dice. One makesa set of four 
peculiarly numbered dice ‘called A, B, C, 
D. These are used in a game where two 
players throw a die and the die with the 

larger number wins: Then die A is better 

than B, which is better than C, which is 
better. than D, which is better than A! If 
you generously allow your opponent to 
pick his die first, and you pick the 
preceding die in the cycle, then you have a 
2/3 chance of winning. 

Rather different is “A Set of Quickies’’. 
Here Gardner has included one of his own 
problems: what is the largest number of 
unit cubes which can touch a unit cube 
properly (that is, with some portion of 

_ common face)? Gardner gave a solution 
with 20 cubes and was surprised to get 
solutions with 22, 23 and 24 cubes. 








congruent areas as shown below. 





Divisive difficulties from David Singmaster 


The following problems start from an old chestnut, but have a 
new twist. The solutions will appear in Nature of 23 August. 


It is easy to divide a square or an equilateral triangle into four 


“Whether 24 is maximal remains an open 


question. “Advertising Premiums’ covers 
a variety of classical puzzles — especially 
those of Sam Loyd, who invented the Trick 
Donkeys, the Pony Puzzle, the Pencil ona 
Loop of String and Get off the Earth — 
while another chapter includes Charles 
Addams’s Skier. The Addams cartoon 
shows a skier whose two tracks pass on 
either side of a tree. If you found such ski 
tracks, could you give at least six possible 
explanations? 

Finally, three chapters deal with John 
Conway’s Game of Life, which was first 
published by Gardner and promptly con- 
sumed many hours of computer time, even 
generating a newsletter which ran for 
several years. A further chapter contains 
new material and brings the story up to date. 

If you know Gardner’s works, you will 
need no encouragement to buy this book; if 
you don’t, you will find it a delightful 
introduction to the most popular 
mathematical writer of our time. a 





David Singmaster is Reader in Mathematics at 
the Polytechnic of the South Bank, London. 





Chemist’s wood 








Gavin S. Hall 





Wood: Chemistry, Ultrastructure, 
Reactions. 

By D. Fengel and G. Wegener. 

Walter de Gruyter: 1984. Pp.613. DM 245. 





Wood, the main title (and indeed the only 
title on the spine) does not give much of a 
clue as to the subject matter and scope of 
this substantial book. The sub-title, 
however, provides an accurate pointer to 
the contents which deal primarily with the 
chemical characteristics of wood — the 
ligno-cellulosic raw material of which trees 
and shrubs are composed. As would be 
expected with such an important resource, 
the subject is already well documented and 
there. are a number of books on the subject. 
The authors acknowledge this fact and 
state as their aim the presentation of a 
comprehensive account of progress in 
wood chemistry based on information pub- 
lished between 1960 and 1982. Their book 





A. Divide these two figures into four congruent areas. 


B. When you have done Part A, try to divide a square into five 
congruent areas, 

C. Hf you find Part B easy or you already know the solution, then 
find another solution which is not symmetric to the first solution. 
(Hint: many people will consider the other solutions unaccept- 
able! It is not known if any “acceptable” solutions exist.) 




















































therefore builds on earlier, standard works 
such as Wood Chemistry by L. E. Wise 
and E, C. Jahn (Reinhold, 1952), The 
Chemistry of Lignin by F. E. Brauns and 
D. A. Brauns (Academic, 1960) and The 
Chemistry of Wood by B. L. Browning 
(Interscience, 1963). 

Of the 18 chapters, averaging some 

30 pages each, six are devoted to chemical 
composition, constituents and ultra: 
structural relationships. One of these 
deals with the often neglected but in- 
creasingly significant component of forest. 
crops — bark, and gives a concise account 
of its general anatomy and chemical 
composition. Two further chapters deal 
with the structure and ultrastructure of © 
wood from the chemist’s viewpoint, The 
second half of the book concerns itself with 
the reactions of wood in relation to 
environmental factors, such as light; heat 
and micro-organisms, acids and alkalis, 
and then with industrial processing for 
pulp and chemical derivatives. 
- One of the notable features is the list of 
references found at the end of. each 
chapter. Some idea of the thoroughness: with 
which the authors have undertaken’ their. 
task can be gauged by the fact that in-all 
there are some 2,900 citations (or 160 per 
chapter). If trying hard to find fault, one 
might have asked for more obvious critical 
analysis and interpretation of the source 
material. However, overall this is a very 
competent, readable review of the 
literature, one produced by acknowledged 
specialists in the field. The style and form 
of presentation are such that newcomers 
will be stimulated to delve deeper into the 
various subject areas, a process greatly 
facilitated by the references to literature 
surveyed, The linguistic versatility of the 
authors has clearly enhanced the value of 
this aspect of the book. 

Wood is well-produced, with an appro- 
priate leavening of tabular, diagrammatic 
and photographic material. It will serve 
well either as a refresher course for those 
whose interest or occupations involve 
wood chemistry, or as a starting point for 
the student seeking to specialize in the 
subject. tl 





Gavin S. Hall is Head of Technology at the 
Timber Research and Development Assoc- 
iation, High Wycombe, Buckinghamshire. 
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1984, Pp.344. ISBN 0-12-032001-0. £35, $49.50. 

Cloud Dynamics. By L.T. MATVEEV. Reidel: 1984, 
Pp.340, ISBN 90-277-1737-0, Dfl. 190, $71. 

Large-Scale Dynamical Processes in the 
Atmosphere. B.J. HOSKINS and R.P. PEARCE (eds), 
Academic: 1983. Pp.397. ISBN 0-123-56680-0, 354.50. 

Metal Deposits in Relation to Plate Tectonics. By 
F.J. SAWKINS. Springer-Verlag: 1984. Pp.325. ISBN 
3-540-12752-6/0-387-12752-6. DM 98, $38.10. 

Metamorphic Complexes of Asia. V.S. SOBOLEV 
{ed.). Pergamon: 1984, Pp.324. ISBN 0-08-022854-2. 
£33.50, 360. 

The Morphostructure of the Atlantic Ocean Floor. 
BY V.M. LITVIN. Reidel: 1984. Pp.172. ISBN 
90-277-1509-2. Dfl. 95, $36.50. 

Ocean Tides: Mathematical Models & Numerical 
Experiments. By G.I. MARCHUK and B.A. KAGAN, 
Pergamon: 1984. Pp.292. ISBN 0-08-026236-8. £36, 
S65. 

Ophiolites and Oceanic Lithosphere. Geological 
Society Special Publication No 13. LG. GASS, §.J. 
LIPPARD and A.W. SHELTON (eds). Blackwell 
Scientific: 1984, Pp.413. ISBN 0-632-01219-6. £37.50. 

Principles of Lake Sedimentology. By L. 
HAKANSON and M. HANSSON. Springer-Verlag: 
1983. Pp.316. ISBN 3-540-12645-7/0-387-12645-7, 
DM 98, 338.10. 

Shorelines and Isostasy. D.E. SMITH and A.G. 
DAWSON, Academic: 1984, Pp.387. ISBN 
0-12-652960-4. $55. 

West Africa: Geological Introduction and Strati- 
graphic Terms. J. FABRE (ed.). Pergamon: 1983. 
Pp.396, ISBN 0-08-030267-X. £36, $65, 


Environmental Sciences 


The Handbook of Environmental Chemistry: 
Anthropogenic Compounds. O. HUTZINGER (ed.). 
Springer-Verlag: 1984. Pp.220. ISBN 3-540-13019-5/ 
0-387-12019-5. DM 138, $51.50. 

Health Effects of Low-Level Radiation. By 
WILLIAM R. HENDEE, Prentice-Hall: 1984. Pp. 266, 
ISBN 0-8385-3666-2. £23.70, $33.70, 

Heavy Metals in Natural Waters: Applied 
Monitoring and Impact Assessment, By JAMES W. 
MOORE and 8. RAMAMOORTHY. Springer-Verlag: 
1984. Pp.268. ISBN 3-540-90885-4/0-387-90885 -4. 
DM 108; $40.30. 


General 


Analytical Calorimetry, Vol. 5. JULIAN F. 
JOHNSON and PHILIP S. GILL (eds). Plenum: 
1984. Pp.402. ISBN 0-306-41507-0. $69.50. 

Aquametry, 3nd Edn. Part ff Electrical and 
Electronic Methods. By DONALD MILTON SMITH 
and JOHN MITCHELL Jr. Wiley: 1984. Pp. 1352. 
ISBN 0-471-02265-9. £156. 75, 

Aspects of Vagueness. Theory and Decision Library, 
Vol. 39. HEINZ J. SKALA ef al. (eds). Reidel: 1984. 
Pp.304, ISBN 90-277-1692-7. Df! 105, $39.50. 

Back Pain: The Facts. By MALCOLM LV. 
JAYSON. Oxford University Press: 1984, Pp, 182. Pbk 
ISBN 0-19-286042-9. Pbk £2.95, 

Bioscope, 2nd Edn. By THOMAS A. EASTON and 
CARL E. RISCHER. Charles E. Merrill: 1984. Pp. 719, 
Pbk ISBN 0-675-20137-3, Np. 

Bioscope, 2nd Edn. Student Guide. By CAROL A. 
WELSH. Charles E. Merrill: 1984. Pp.266. Pbk ISBN 
0-675-20233-7. Np. 

The Changing Definition of Masculinity. By CLYDE 
W. FRANKLIN Il. Plenum: 1984. Pp.234. ISBN 
0-306-41554-2. Np. 








Classical. Potential ‘Theory and its Probablistic 
Counterpart. By J.L. DOOB. Springer-Verlag: 1984. 
Pp. 846, ISBN 3-540-90881-1/0-387-90881-1, 362.70, 

Darwin's Legacy. Nobel Conference XVIII. 
CHARLES L. HAMRUM (ed.). Harper & Row: 1984. 
Pp. 125, Pbk ISBN 0-06-250651-X. Pbk £3.95. 

East Anglian Landscapes: Past and Present. By 
JACK RAVENSDALE and RICHARD MUIR, 
Michael Joseph: 1984. Pp.256. ISBN/0-7181-2343-3. 
£12.95. i 

E.C. Stakeman: Statesman of Science. By C.M. 
CHRISTENSEN. The American Phytopathological 
Society; 1984, Pp.156, ISBN 0-89054-056-X. $18. 

Epilepsy: The Facts, By ANTHONY HOPKINS. 
Oxford University Press: 1984. Pp.159. Pbk ISBN 
0-19-286041-0. Pbk £2.95. 

Great Rivers of the World, ALEXANDER FRATER 
(ed.). Hodder & Stoughton: 1984. Pp.160. ISBN 
0-340-27998-2. £12.95. 

Handbook of U.S. Colorants for Foods, Drugs and 
Cosmetics, 2nd Edn. By DANIEL M., MARMION. 
Wiley: 1984, Pp.466, ISBN 0-471-093 12-2. Np. 

Horse Management. JOHN HICKMAN (ed.). 
Academic: 1984. Pp.339. ISBN 0-123-47220-2. Np. 

Into Thin Air: A History of Aviation Medicine in the 
RAF. By T.M. GIBSON and M.H. HARRISON. 
Robert Hale: 1984. Pp,279. ISBN-0-7090-1290-X, 
£12.50, 

Just in Case: A Passenger’s Guide to Airplane Safety 
and Survival. By DANIEL A. JOHNSON, Plenum: 
1984. Pp.268. ISBN 0-306-41576-3. Np. 

Landscape Ecology: Theory and Application. By 
ZEV NAVEH and ARTHUR S. LIEVERMAN. 
Springer-Verlag: 1984, Pp.356. ISBN 
3-540-90849-8/0-387-90849-8. DM 108, $40.30. 

Liquid Crystals and Ordered Fluids, Vol. 4. 
ANSELM C: GRIFFIN and JULIAN F. JOHNSON 
(eds), Plenum: 1984. Pp. 157. ISBN 0-306-41394-9, 
Np. 

The Lost Australia of François Péron. By COLIN 
WALLACE. Nottingham Court Press: 1984. Pp. 164. 
ISBN 0-906691-96-6. £9.95. 

Marine Biodeterioration: An Interdisciplinary Study. 
J.D. COSTLOW and R.C.TIPPER (eds), E. & FN. 
Spon: 1984. Pp.384, ISBN 0-419-13340-2. £25, 

Malticritical Phenomena. R. PYNN and A. 
SKJELTORP (eds). Plenum: 1984. Pp.472. ISBN 
0-306-41625-5. Np. 

Mysterious America. By LOREN COLEMAN. Faber 
& Faber: 1984. Pp.301, Pbk ISBN 0-571-12524-7, Pbk 
£6.95, 

Number Theory in Science and Communication with 
Applications in Crytography, Physics, Biology, Digital 
Information, and Computing. By M.R. SCHROEDER. 
Springer-Verlag: 1984. Pp.324. ISBN 3-540- 
12.164-1/0-387-12164-1, £23.90. 

Political Science Abstracts Index. 3 Vols. SAMUEL 
LONG (ed.). IFI/Plenum: 1983. Vol. | pp.670, ISBN 
0-306-69032-2; Vol. 2 pp. 1368, ISBN 0-306-69032-2; Vol. 
3 pp.2060, ISBN 0-306-69032-2. Np. 

Quaternary Science Reviews, Vol. L D.Q. BOWEN 
(ed.). Pergamon: 1984. Pp.319. ISBN 0-08-03 1491-0. 
£52.50, $84. 

Scientific Interference, Data Analysis, and 
Robustness. G.E.P. BOX ef al, (eds). Academic: 1983. 
Pp.304, ISBN 0-12-121160-6. $22.50. 

The Search for Certainty. By WILFORD W. 
SPRADLIN and PATRICIA PORTERFIELD. 
Springer-Verlag: 1984. Pp.248. Pbk ISBN 
3-540-90889-7/0-387-90889-7, Pbk $36.60. 

Sparse Matrix Technology. By SERGIO 
PISSANETSKY. Academic: 1984. Pp.321. ISBN 
0-12-55 7580-7. £32.50, 355. 

Spiritual Considerations in the Prevention, Treatment 
and Cure of Disease. By JANE H. THOMPSON, Oriel 
Press: 1984; Pp.111. Hbk ISBN0-85362-211-6; pbk ISBN 
0-85362-212-4. Hbk £6.95; pbk £3.95. 

Stochastic Phenomena and Chaotic Behaviour in 
Complex Systems, P. SCHUSTER (ed.). Springer- 
Verlag: 1984. Pp.271. ISBN 3-540-13194-9/0- 
387-13194-9. $31.70. Ak 

Termitologia: Fondation des Societes Construction. 
By PIERRE GRASSÉ. Masson: 1984. Pp.613. ISBN 
2-225-79959-8, Np. 

Transport Processes in Wood. Springer Series in 
Wood Science. By JOHN F. SIAU. Springer-Verlag: 


DM 89, 334.60. 
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1984. Pp.245. ISBN 3-504-12374-4/0-387-12574-4, 











Appointments 


Dr J P Griffin has been appointed as the 
new Director of the Association of the 
British Pharmaceutical Industry, while Mr 
D G Taylor, formerly Deputy Director of 
the Office of Health Economics, has been 
appointed as the Association’s first 
Director of Economic Planning. 
Professor R L Bell, Mr R Halstead, 
Professor Sir Hans Kornberg, Mr J $ 
Martin, Mr J E Moffitt, Dr A M Raven 
and Sir Ralph Riley have been appointed as 
members of the new Priorities Board for 
Research and Development, at the Min- 
istry of Agriculture, Fisheries and Food. 


Meetings 


20-26 August, Valcamonica Symposium- 
1984. Rock Art: New Horizons in 
Research, Capo di Ponte, Italy 
(Symposium Secretary, Centro Cammuno 
di Studi Preistorici, 25004 Capo di Ponte, 
Brescia, Italy). ` 
23-25 August, International Symposium 
on Genetic Disorders: Medical Genetics, 
Past, Present and Future, Oslo, Norway 
(Prof. Kare Berg, Institute of Medical 
Genetics, University of Oslo, PO Box 
1036, Blindern, 0315 Oslo 3, Norway). 
27-30 August, 12th Symposium of the 
International Association for Hydraulic 
Research, University of Stirling, UK (Mr 
Peter Collier, The National Engineering 
Laboratory, East Kilbride, Glasgow G75 
OQU; UK). 
28 August-5 September, Advanced Course 
on: Oxygen and Sulfur Radicals in 
Chemistry and Medicine, followed by 4th 
International Symposium on: Hypoxic 
Cell Radiosensitizing Drugs: The First and 
Second Generations on Cancer Treatment, 
Bologna, Italy (Dr D. Tonelli, Istituto 
Scienze Chimiche, Universita di Bologna, 
Via S. Donato 15, 40127 Bologna, Italy). 
31 August-S September, 4th World 
Congress on Pain, Seattle, USA (Mr and 
Mrs Eugene H. Kone, 4th World Congress 
‘on Pain, 280 Knollwood Drive, New 
Haven, Connecticut 06515 USA). 
3-7 September, 3rd International Congress 
of Inflammation, Paris, France (F. Russo- 
Marie, Institut Pasteur, 28, Rue du Dr 
Roux, 75015 Paris, France). 
4-6 September, 4th European Conference 
and Exhibition on Coal Utilization, Essen, 
FRG (industrial Presentations (Europe) 
B.V.’s Gravelandseweg 284-296, 3125 BK 
Schiedam, the Netherlands). 
4-6 September, Analyticon 84, the Second 
Conference for Analytical Science, 
: London, UK (Mr G.C. Young, Scientific 
Instrument Manufacturers’ Association of 
..Great-Britain, Leicester House, 8 Leicester 
Street, London WC2H 7BN, UK). 
4-7 September, Ist Annual Convention of 
the Institution of Diagnostic Engineers, 
i London, UK (Institute of Diagnostic 
èrs, $73 Wycliffe Street, Leicester LE} 




















SLR, UK). 

5-7 September, 9th Annual Symposium, 
Uranium Institute, London, UK (Ms R.M. 
Stanger, Symposium Secretariat, Con- 
ference Associates UIS, 34 Stanford Road, 
London W8 5PZ, UK). 

9-15 September, Workshop on Experi- 
mental Insect Neurobiology, Friday 
Harbor, USA (John Palka, Organizing 
Committee, Department of Zoology, NJ- 
15, University of Washington, Seattle, 
Washington 98195, USA). 

10-13 September, International 
Conference on Dielectric Materials, 
Measurements and Applications, Univer- 
sity of Lancaster, UK (The Institution of 
Electrical Engineers, Savoy Place, London 
WC2R OBL, UK). 

10-13 September, 8th International 
Symposium on Chemical Reaction 
Engineering Edinburgh, UK (Ms Julie 
Wearne, The Conference Section, The 
Institution of Chemical Engineers, 165-171 
Railway Terrace, Rugby, CV21 3HQ, UK). 
10-14 September, 3rd European Congress 
on Biotechnology, Munich, FRG 
(Congress Secretariat, DECHEMA, 
3ECB, POB 970146, D-6000, Frankfurt 
am Main 97, FRG). 

12-14 September, Association of British 
Climatologists’ Autumn Meeting on 
Coastal and Upland Climates, University 
of Stirling, UK (Mr D.G. Tout, Depart- 
ment of Geography, University of 
Manchester, Manchester M13 9PL, UK). 
14-16 September, Conference on the 
Geology and Genesis of Mineral Deposits 
in Ireland, Trinity College, Dublin, Ireland 
(Mr John Ashton, Secretary, the 
Irish Association for Economic Geology, 
Tara Mines Geology Department, Knock- 
umber, Navan, Co. Meath, Ireland). 
16-20 September, International 
Symposium on Plasticity and Development 
of the Mammalian Spinal Chord, Spoleto, 
Italy (Dr Alfredo Gorio, Fidia Research 
Laboratories, PO Box 110, 35051 Abano 
Terme, Italy). 

17-19 September, International Con- 
ference on Tribology in Mineral 
Extraction, Nottingham, UK (Conference 
Officer, the Institution of Mechanical 
Engineers, 1 Birdcage Walk, Westminster, 
London SW1H 9JJ, UK). 

17-19 September, Symposium on Humane 
Control of Land Mammals and Birds, 
University of Surrey, UK (University 
Federation for Animal Welfare, 8 
Hamilton Close, South Mimms, Potters 
Bar, Herts EN6 3QD, UK). 

17-21 September, 5th Philips Conference 
on X-Ray Diffraction, University of 
Exeter, UK (Philips Analytical 
Department, Pye Unicam Ltd, York 
Street, Cambridge CB1 2PX, UK). 

17-21 September, 12th Biennial 
Conference of the International 
Association on Water Pollution Research 
and Control (GAWPRC), Amsterdam 
(LAWPRC, 29/30 High Holborn, London 
WC1V 6BA, UK). 





18-19 September, National Symposium on 
Exploiting the Laser in Engineering Produc- 
tion, Coventry, UK (John Sanders, 

Manager, Communications, The Welding 

Institute, Abington Hall, Abington, Cam- 

bridge CBI 6AL, UK). 

18-20 September, The Royal Society of 
Chemistry’s Autumn Meeting, University 

of Hull, UK (Dr John F. Gibson, Royal 

Society of Chemistry, Burlington House,’ | 
London W1V OBN, UK). 

18-20 September, Oil Industry Nurses. 
Symposium, University of Oxford, UK.” 
(Ms C.H. Little, Conference Officer, 
Institute of Petroleum, 61 New Cavendish 
Street, London WIM 8AR, UK). 

24-25 September, Seminar of Enhanced 
Biological Phosphorous Removal. from 
Wastewater, Paris, France (Dr M: 
Florentz, Phosphorus Seminar, Anjou- 
Recherche, 52 Rue d’Anjou, 75384 Paris 
Cedex 08, France; organised by the Inter- 
national Association on Water Pollution 
Research and Control), 

26 September, Symposium on Develop- 
ments in Testing Concrete for Durability, 
London, UK (Ms Anthea Wright, The 
Concrete Society, Devon House, 12-15 
Dartmouth Street, London SWIH 9BL, 
UK). 

26 September, Seminar on Automated 
Assembling - A Step by Step Approach, 
London, UK (Manager, Conferences and 
Exhibitions; The Institutionof Production 
Engineers, Rochester House, 66 Little 
Ealing Lane, London W5 4XX, UK)... 
1-3 October, 10th European Colloquium 
on Heterocyclic Chemistry, Kaiserslautern; 
FRG (Prof. Dr Manfred Regitz, 
Universität Kaiserslautern, Fachbereich 
Chemie, Erwin-Schrédinger-Strasse, 
D-6750 Kaiserslautern, FRG). 

1-4 October, Sist Clean Air Conference, 
Brighton, UK (National Society for Clean 
Air, 136 North Street, Brighton BN1 IRG, 
UK). 

2-4 October, International Symposium: 
Calcitonin 84, Milan, Italy (Dr Maria Luisa 
Pecile, Department of Pharmacology, 
Chemotherapy and Medial Toxicology, 
University of Milan, 32 Via Vanvitelli, 
20129 Milan, Italy). 

3-5 October, International Meeting on: 
Risk Assessment of Occupational 
Exposures in the Harbour Environment, 
Genova, Italy (Dr Marina Vercelli, Scient- 
ific Secretary, Ist Oncologia Univ. 
Genova, Viale Benedetto XV, 
Genova, Italy). 

3-5 October, 1984 Arctic Science Con- 
ference on Science and Public Policy, 
Anchorage, USA (Department of Con- 
ferences and Institutes, University of 
Alaska - Fairbanks, 117 Eielson Building, 
Fairbanks, Alaska 99701). 

5-6 October, First Congress of the Euro- 
pean Society of Nuclear Magnetic | 
Resonance in Medicine, Geneva, 
Switzerland (Mr Guy Delaborde, 18 Rue. 
des Moraines, CH-1227 Geneva/Carouge, - 
Switzerland). 
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8-9 October, Annual Bristol-Myers Cancer 
Research Symposium on Genetics, Cell 
Differentiation and Cancer, New York 
(Suzanne C. Emery, Coordinator, Seventh 
Annual Bristol-Myers Symposium, 
Memorial Sloan-Kettering Cancer Center, 
1275 York Avenue, New York, New York 
10021, USA). 
w 8-12 October, International Conference on 
- Health Hazards and Biological Effects of 
Welding Fumes and Gases, Copenhagen 
(Director, Environmental Health Service, 
. WHO, Regional Office for Europe, 8 
. Scherfigsvej, 2100 Copenhagen, Den- 
mark). 
1:9-12 October, 16th Annual Meeting of the 
-Division for Planetary Sciences of the 
< American Astronomical Society, Hawaii 
“(Mr T.B. McCord, Program Chairman, 
Planetary Geosciences Division, Hawaii 
< Institute of Geophysics, University of 
< Hawaii, 2525 Correa Road, Honolulu, 
- Hawaii 96822). 
16 October, Meeting on Management of 
External and Internal Overexposure 
organised by the Society for Radiological 
»Protection, London (Professor J.H. 
Martin, Programme Committee Secretary, 
<: Department of Medical Biophysics, Black- 
«ness Laboratory, University of Dundee, 
< Dundee DD1 4HN, UK). 
16-17 October, 3rd International Con- 
ference of the Institute of Energy on 
Fluidised Combustion, London (Con- 
ference Department, Institute of Energy, 
18 Devonshire Street, London WIN 2AU, 
+ UK). 
~ 17-18 October, Meeting on Technology in 
the 1990s: Agriculture and Food, London 
«(Miss C.A. Johnson, the Royal Society, 6 
Carlton House Terrace, London SWIY 
SAG, UK). 
- 18-19 October, Ist European Seminar on 
- Computer-Aided Molecular Design, Lon- 
don (Ms. Helen Raquet, Oyez Scientific 
and Technical Services Ltd., Bath House 
(Grd floor), 56 Holborn Viaduct, London 
1: EC1, UK). 
23 October, Meeting on Air Filtration in 
the Nuclear Industry, Manchester, UK 
(Hon. Secretary, Filtration Society, 
i Department of Chemical Engineering, 
University of Technology, Loughborough, 
Leicestershire, UK). 
23-24 October, Meeting on Additives, 
Adjuvants and Preservatives in the 
Improvement of Food Quality (in french), 
Lyon, France (Ms Christiane Rochas, 
Institut Pasteur de Lyon, 77, Rue Pasteur, 
69365 Lyon Cedex 2, France). 
28-30 October, 15th Meeting of the Under- 
water Mining Institute, Madison, USA (Mr 
J.R. Moore, Program Chairman, Univer- 
sity of Texas at Austin, Marine Science In- 
stitute, 200 East 261/2 Street, Austin, 
<: Texas 78705, USA). 
28-29 October, International Conference 
on Synthetic Antigens, Siena, Italy (Prof. 
Paolo Neri, Conference Scientific 
Secretary, ‘‘SclavoS.p.A.’’, via Fiorentina 
1, 53100 Siena, Italy), 
29-31 October, Symposium on Lunar 








Bases and Space Activities of the 21st Cen- 
tury, Washington DC, USA (Mr Michael 
B. Duke, Chairman, Program Committee, 
NASA, Lyndon B. Johnson Space Center, 
Houston, Texas 77058, USA). 

31 October-3 November, 35th Annual 
Meeting of the American Society of 
Human Genetics, Toronto, Canada (Mr 
Gerry Gurvitch, Executive Secretary, Ex- 
ecutive Office, PO Box 6015, Rockville, 
Maryland 20850, USA). 

31-7 November, Regional Assembly of the 
International Association of Seismology 
and Physics of the Earth's Interior, 
Hyderabad, India (Dr. Mohan L. Gupta, 
Secretary Organizing Committee, IASPEI 
Regional Assembly, National Geophysical 
Research Institute, Hyderabad-500 007, 
India). 

5-7 November, Seminar on New Ap- 
proaches to Rural Development and Con- 
servation, Castleton, UK (Mr Peter Town- 
send, Principal, Peak National Park Study 
Centre, Losehill Hall, Castleton, Der- 
byshire $30 2WB, UK). 

9-11 November. 6th Congress of the 
Association of Radiation Oncologists of 
India, Hubli, India (Dr A C Deka, 
Organising Secretary, Karnatak Cancer 
Therapy and Research Institute, 
Navangan, Hubli 580 025, Karnatak, 
India). 

11-15 November, Meeting on Filtration in 
the Automotive and Metalworking In- 
dustries, Flint, Michigan, USA (Hon. 
Secretary, Filtration Society, Department 
of Chemical Engineering, Loughborough, 
Leicestershire, UK). 

14 November, Review Seminar on Extince- 
tions: Their Rate and Causes Through 
Geological Time, Milton Keynes, UK (Dr. 
P.W. Skelton, Department of Earth 
Sciences, The Open University, Walton 
Hall, Milton Keynes, MK7 6AA, UK). 

16 November, Meeting on Hyperthermia, 
London, UK (Ms Janet Husband, The 
British Institute of Radiology, 36 Portland 
Place, London WIN 3DG, UK). 

18-20 November, 7th Conference on 
Medical Physics of the Association of 
Medical Physicists of India, Calcutta, 
India (Mr A Bose, Organising Secretary, 
Department of Radiotherapy, Cancer and 
Welfare Home, Mahatma Gandhi Road, 
Thakurpur, Calcutta 700 063, India). 
19.22 November, The 1984 Conference of 
the British Crop Protection Council, 
Brighton, UK (Mr Frank Bishop, Con- 
ference Planners, 2A Kidderminster Road, 
Croydon, Surrey CRO 2UE, UK). 

21-22 November, Conference on Offshore 
and Onshore Engineering Practices Com- 
pared, Glasgow, UK; and 27~29 
November, Extraction ’84, Dounreay, UK 
(The Conference Section, The Institute of 
Chemical Engineers, 165-171 Railway Ter- 
race, Rugby CV21 3HQ, UK). 

6 December, The Meeting on Hormones 
and Breast Cancer, Nice, France (Société 
Francaise de Cancérologie ~ ex Association 
Française pour Etude du Cancer-26 Rue 
d’UIm, 75231 Paris Cédex 05, France). 





-11-13 December, 16th Annual Meeting o 


















The British Medical Ultrasound Society, 

Harrogate, UK (Dr S Haskey, X-Ray 

Department, Harrogate District Hospital, 

Lancaster Park Road, Harrogate HG2 

75X, UK). 

The Imperial Cancer Research Fund, is 

holding a series of seminars; on 1 August 

Biological Functions of Calmodulin; on 

27th September, Clonogenic Biology of 

Human Malignant Melanoma; on 17 

October, Protein Phosphorylation and 

Hormone Action — an Overview; on 21 

November, Salatory Replication and the 

Generation of Amplified Genes (Imperial 

Cancer Research Fund, Lincoln’s Inn 

Fields, London WC2). 

During 1985, the University of California, 

at Los Angeles (UCLA) is again holding its 

Annual Symposia series — on Molecular 

and Cellular Biology: 19-26 January, 
Nuclear Envelope Structure and RNA 

Maturation (Steamboat Springs, Col- 

orado); 26 January—2 February, Mono- 

clonal Antibodies and Cancer Therapy 

(Park City, Utah); 27 January-2 February, 

Leukemia 1985 (Keystone, Colorado); 2-8 

February, Perspectives in Inflammation, 

Neoplasia and Vascular Cell Biology (Park 

City, Utah); 9-15 March, Membrane 

Skeletons and Cytoskeletal-Membrane 

Associations (Park City, Utah); 15-22. 
March, Molecular Biology of Muscle 

Development (Park City, Utah); 30 

March-6 April, Sequence Specificity in 

Transcription and Translation (Steamboat 

Springs, Colorado); 30 March-4 April, 

Molecular Determinants of Animal Form 

(Park City, Utah); 6-12 April, Biochemical 

and Molecular Epidemiology of Cancer 

(Steamboat Springs, Colorado); 9-15 

April, Yeast Cell Biology (Keystone, Col- 

orado); 13-19 April, Molecular Genetics of 

Filamentous Fungi (Keystone, Colorado); 

13-19 April, Plant Genetics (Keystone, 

Colorado); 20-25 April, Options for the 

Control of Influenza (Keystone, 

Colorado). For further details write to Ms ` 
Betty Handy, Program Coordinator, 
UCLA Symposia, Molecular Biology In- 
stitute, University of California, Los | 
Angeles, CA 90024, USA. | 


Miscellaneous 


The British Laboratory Ware Association 
is organizing a joint venture to visit 
CHINACHEM, a major exhibition for the 
Chemical and Petrochemical industries, in 
Tianjin, China, from 12-17 November 
1984. Further information from Ms Karina 
Bateman at the BLWA, 30/32 Worple 
Road, London SW19 4EF, UK. 

The Department of Chemistry at Lancaster 
University is launching a new Master of 
Science postgraduate. course this October, 
on New Polymer Synthesis. The course 
runs for 12 months and further details are 
available from Mr Roger Grinyer, Infor- 
mation Officer, University House, Bail- 
rigg, Lancaster, UK. > 2 











This month’s fourteen new laboratory products include what may be the 


world’s smallest glass pH electrode. 


è Polyscan from Reichert Jung is a fully 
automatic image analysis system with 
interactive capabilities. The system is 
capable of analysing images from 
microscopes, video tape recorders, drum 
scanners, photometers and photographs. 
Polyscan uses a high resolution, low 
geometric distortion camera, capable of 
better than 1,000 lines, and computer 
controlled beam blanking for image 
integration. Psuedocolour processing is 
supplied as standard and real colour is 
available as an option. All set-up and 
operating procedures are under software 
control. Two cathode ray tubes are 
included in this system: a 12-inch black and 
white VDU for- displaying user dialogue 
and programming and a 13-inch high- 
resolution colour monitor for the image 
being analysed. 

Circle No. 100 on Reader Service Card. 

© The Plasmascan 710 spectrometer from 
Techmation is a fully integrated system 
developed for the rapid sequential analysis 
of most elements using atomic emission 
from an inductively coupled plasma 
source. The optical system uses two orders 
of the spectrum to cover the wavelength 
range 170 to 820nm. Advanced direct drive 
technology permits 0.0005 nm per step 
wavelength selectability and resetability, 
matching the high resolution of the 
vacuum monochromator. Incorporated is 
the latest GMK nebulizer enabling analysis 
of high salt content solutions and 
geological samples without the necessity of 
frequent cleaning. Particles up to Imm in 
diameter can be handled with ease. The 
spectrometer is fully controlled by the 
Labtam Series 3000 laboratory and general 
“purpose computer. 

Circle No. 10] on Reader Service Card. 

© The Model 4604 Quad 125 MHz 
scaler/timer/ratemeter provides high per- 
formance and flexibility for test and 
measurement applications as well as experi- 
mental or industrial monitoring. High 
125-MHz bandwidth means superior 
double pulse resolution — important for 
low intensity industrial and control 
applications and vital for high intensity 
nuclear and particle physics experiments. 
Other features such as large LCD display, 
choice of remote control or front panel 
pushbutton operation and simple inter- 
facing via RS232 to a personal computer or 
printer make this unit suitable for a wide 
variety of applications — from temporary 
test experiments to permanent monitors. 
For automatic scale normalization, the 
.. LeCroy Model 4604 may use either a preset 
counter or time interval. The unit also 
‘functions as a ratemeter. 
_Circle No. 102 on Reader Service Card. 














@ A durable, general purpose power 
supply for most routine laboratory 
applications, the American Bionuclear 
EPS-500 can provide constant voltage to 
$00 volts and constant current to 500mA. 
Standard features include output jacks to 
run two gels simultaneously, two dual- 
range meters to monitor voltage and 
current output, and automatic shut-off 
capability in the event of disconnection or 
user contact. with the electrophoresis cell. 
Ideal for SDS acrylamide, agarose gels, 
and electrophoretic transfer techniques. 
Models for input voltages of both 100 and 
220 V are available. 

Circle No. 103 on Reader Service Card. 

© Kratos’ new Spectroflow 783 absorbance 
detector combines high sensitivity perfor- 
mance with microprocessor-controlled 
automation. The instrument features 
variable wavelength from 190 to 700mm, 
and 0.001 AU full scale sensitivity with 
under 2% total noise. The instrument is 
compact, and features an attractive, spill- 
proof membrane front panel. Micro- 
processor control permits programmable 
automation of wavelength, sensitivity 
range, event mark, auto zero, and other 
instrument parameters. 

Circle No. 104 on Reader Service Card. 





Reichert Jung image analysis system (top) and 
power supply unit from American Bionuclear. 











Compact power supply unit from Hoeffer 





















@ The Hoefer PS500X is a compact power: 
supply suitable for most standard: 
electrophoretic procedures. It operates in 
either the constant voltage or constan 
current mode, with an output range of 0. to. 
$00 V and 0 to 400 mA. In either mode it. 
can deliver full voltage and full current. 
simultaneously (200 W) provided outside. 
resistance is not limited. It may be set to 
cross over automatically. from constant’ 
current to constant voltage when a preset 
voltage is reached during a run, or 
conversely from constant voltage to 
constant current. Two sets of jacks permit: 
two experiments to be run in parallel at the 
same voltage. The PSSOOX weighs only 8 
pounds and requires minimal space. It is 4° 
inches wide, 104 inches deep, and 12° 
inches high. Separate digital meters 
indicate voltage and current. 

Circle No. 105 on Reader Service Card. 

@ A single-basket glassware washer. 
capable of handling the glassware cleaning. 
needs of 250-bed-capacity hospitals has: 
been announced by the National Appliance 
Company (NAPCO). Designated Model 
NLW-100, the unit features three separate 
plumbing systems for the pre-wash, deter- 
gent wash and de-ionized rinse cycles, 
minimizing cross-contamination. A mov-. 
ing jet-spray system provides high-* 
pressure, pulsed spraying from top to bot- 
tom for thorough penetration of even the 
smallest pipette. Solid-state, push-button 
microprocessor controls make it easy to 
program cycle length. The NLW-100 is 
constructed of corrosion-resistant stainless ` 
steel for long life and low contamination; 
its compact size saves on laboratory space. 
Circle No. 106 on Reader Service Card. 


















The Javac bench-top centrifugal freeze dryer 
































The Javac SB9 bench-top centrifugal 
-freezedryer has a l-litre capacity condenser 
with a built-in spin-freeze facility. It is 
suitable for the drying and preservation of 
bacterial cultures, virus suspensions and 
organs such as heart valves and bone. A 
“plastic window over the condenser allows 
users to observe the ice build-up on the low 
temperature condenser and is of particular 
value in the teaching of the freezedrying 
technique. The standard carrier plates hold 
up to 116, 0.5 ml ampoules or 24, 2.5 ml 
ampoules. Tray drying is provided from a 
demountable shelf. 
Circle No. 107 on Reader Service Card. 
. @ A useful guide to the hazards associated 
< with over 500 commonly used toxic and 
hazardous chemicals is available from the 
~ Lab Safety Supply Co. of Janesville, 
= Wisconsin. A glance at the chart tells you if 
a chemical is toxic, an irritant, corrosive, 
carcinogenic, flammable, explosive and 
much more. Also included on the chart isa 
synonym guide that aids in referencing 
common chemical names to those listed on 
the Chart. The Chemical Hazards Chart 
! (order no. NR CC20-2036) costs $12.95 
and is available from Lab Safety Supply 
: Co., PO Box 1368, Janesville, Wisconsin 
53547. 
Circle No. 108 on Reader Service Card. 
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Automatic Tracking 
Track that rat, insect, fish, limb etc 














Tracking Unit accepts input from video 
camera or recorder, and outputs the 
location of a high-contrast object inthe TV 
image. Tracking is in real time. Can be 
interfaced to Apple H, BBC etc. 





HVS IMAGE ANALYSING 22 Cromwell 
Road, Kingston, Surrey, England KT2 6RE 
Tel. 01-546 9090. Telex: 8813487 LCLAD G 
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z N JE MARKET — 
© A recent addition to the Bio-Rad range 
is homogeneous fully active bovine brain 
calmodulin. The calmodulin is supplied 
lyophilized, salt free, in the calcium 
saturated form. Purity is determined by 
SDS-PAGE and UV analysis. Biological 
activity is determined by the activation of 
bovine heart phosphodiesterase. The new 
product is additional to calmodulin 
immobilized on crosslinked agarose bead 
gels, still available from Bio-Rad. 

Circle No. 109 on Reader Service Card. 

© Calmodulin-Sepharose 4B is now 
available from Pharmacia Fine Chemicals. 
Calmodulin-Sepharose 4B is supplied as 
a 10 ml pack of swollen gel, with about 1 mg 
calmodulin per ml of swollen gel. 
Each batch of calmodulin-Sepharose 4B is 
biologically function tested with 
phosphodiesterase. A pure preparation of 
calmodulin is also available. The protein 
is pure by amino acid analysis, UV 
spectroscopy and electrophrosis. It is 
biologically tested with phosphodiesterase 
and has an activity of approximately 
80,000 U per mg protein. 

Circle No.110 on Reader Service Card. 

@ Prostaglandin metabolites can be 
measured quickly and conveniently using 
the new radioimmunoassay systems from 
Amersham International. Thromboxane 
B, and 6-keto-prostaglandin F,, can be 
measured using assay systems based on *H 
and '75] tracers, while ‘bicyclic’ 
prostaglandin E,, a high stability 
derivative of prostaglandin E,, can be 
measured using a new *H assay system. 
Each of the assay systems is completely 
self-contained, comprising tracer, 
antiserum, standards, separation system, 
assay buffer, protocol and results plotting 
sheet. 

Circle No. 111 on Reader Service Card. 

@ Version 2.2 is a new revision of Nelson 
Analytical’s chromatography software for 
the IBM personal computer. The new 
program supports high-resolution graphics 
capability which more than doubles the 
previous graphics and screen resolution. 
Using the IBM monochrome display and a 
Hercules graphics card system screen 
resolution of 20 x 348 pixels is achieved. 
Circle No.112 on Reader Service Card. 





Bovine brain calmodulin added to Bio-Rad's 
range. 
































The new Anatal water analyser (top) and the 
advanced glass pH electrode from WPI. 

@ it is now possible to measure the 
organics content of water quickly and 
simply using a new analyser developed by 
Anatel Corporation of Colorado, USA. 
The A-100 analyser measures total organic 
carbon (TOC) via a precision electro- 
chemical analysis method based on intense 
UV irradiation which brakes down the 
organic compounds in water. The freed 
carbon dioxide goes into solution as car- 
bonic acid changing the sample conducti- 
vity which is then measured and tempera- 
ture corrected to provide accurate readings 
down to a few parts per 10°. In capturing 
and processing TOC analysis data, the 
unit’s sensor head provides as many as 600 
data points every second which are passed 
to the preprocessor for calculation of 
average readings, screening out ‘‘noise’’in | 
the process. Background effects are 
dynamically monitored and offset in final | 
calculations. Designed for measurement of | 
purified waters including ultrapure sup- 
plies, the A-100 features low sensitivity (10 
p.p.b. detection limit, 1 p.p.b. resolution) 
for early warning to users and producers of 
water supplies. 

Circle No.113 on Reader Service Card. 

® World Precision Instruments, Inc. 
(WPI) of New Haven now claims to 
produce the world’s smallest glass pH 
electrode. This electrode, mounted in the 
lumen of a 25 gauge hypodermic is well 
suited for intramuscular or intravascular 
insertion and prototypes have been 
successfully used in in vivo cardiac muscle 
experiments. 

Circle No. 114 on Reader Service Card. 


These notes are based on information provided 
by the manufacturers. For further details circle 


the appropriate numbers on the Reader Service 
Card bound inside the journal. : 















NATURE VOL.310 16 AUGUST 1984 


527, 





Strict liability in a morass 


US courts seem to be bent on making a yu over the application of the rule of no-fault insurance 
against faulty products. The remedy is that the issue should be taken away from the courts. 


BACK in the good old days, a manufacturer in the United States 
would end up liable for injuries caused by his products only if the 
product was exceedingly dangerous or the manufacturer ex- 
ceedingly stupid. The common-law standard, while perhaps not 
fair, was clear: unless the product was obviously defective, by fail- 
ing to live up to a warranty or the manufacturer’s own production 
norms for example, the injured party had to prove clear 
negligence on the manufacturer’s part. In recent years, the courts 
have slowly but surely moved to a much tougher standard. Now, 
in most states, some form of ‘‘strict liability” applies. In its pure 
form, this doctrine holds that negligence is irrelevant: if the pro- 
“duct causes an injury, the manufacturer pays. 

In the abstract, this standard has much to commend it, however 
extreme it may at first appear. Strict liability distributes the cost of 
accidents among those who actually benefit from the sale of pro- 
ducts — and manufacturers will inevitably pass along the cost by 
raising the price, in effect charging all purchasers an insurance 
premium. Strict liability is also arguably the most efficient means 
of improving product safety. The manufacturer is in the best posi- 
tion to reduce the total cost of accidents, choosing for itself the 
safety measures that will do the greatest overall good. And strict 
liability comes to grips with the simple reality that when someone 
is injured, someone has to pay; legal niceties about negligence do 
not change the fact that a person has suffered real harm. 

In practice, liability law is a mess. One problem is the quaint no- 
tion in the United States that each of the 50 states is quasi- 
sovereign. The fifty supreme courts all have their own ideas on the 
subject of liability. In few states do statutes even determine the 
law, which remains largely common law or judicial precedent full 
of contradictions, ambiguities and, not infrequently, reversals. 
The fate of the victim varies greatly, depending on where he lives 
and where the company that made the injurious product does 
business. 

To these geographical inconsistencies must be added the in- 
herent logical inconsistencies in the doctrine of strict liability as it 
is applied. Few states have embraced the doctrine in its pure form. 
In general, the plaintiff must show that the product is ‘‘defec- 
tive’, wherein lies the rub. When the defect is the result of a kink 
in the manufacturing process, it is easy — you just compare the 
defective item with those that normally come off the assembly 
line. But the new rules extend the notion of defect to the design of 
the product. What is a design defect? A soft-drink bottle that ex- 
plodes may be straightforward enough, because everyone knows 
you can make soft-drink bottles that do not explode, but what 
about a new drug, or an agricultural chemical, which may have 
some inherent risk? 

Attempts by the various state courts to define a design defect 
have produced some very odd locutions. Some say a product is 
defective in design if it fails to be as safe as an ordinary consumer 
would expect it to be; others, if the mythical “reasonable person’”’ 
would not have put it on the market; others still if it is “lacking 
any element to make it safe’’. These definitions appear to amount 
to little more than what one legal scholar calls the “I know it when 


= Esee it?’ rule, Manufacturers find themselves held liable for 


‘hazards they “should have known about” but did not, and even 
“for minor side effects of drugs that were not mentioned on the 
warning label — even though the manufacturer is limited by law 
t using a warning label approved by the Food and Drug Ad- 





ministration. But all this applies only in some states: An 
everywhere the particular inclinations of individual judges are fa 
too influential. 

The one effort to straighten out this mess is unfortunatel 
certain to create a bigger mess. A bill now in the US Senate (S.44 
would impose a uniform federal standard (a good idea) but at th 
cost of introducing a rash of new obfuscatory definitions, To give. 
one example, manufacturers could raise as a defence the 
convention that its product is ‘unavoidably’ dangerous. Fift 
state courts will be kept busy for decades sorting out, each toi 
own satisfaction, what these new definitions really mean. This! 
why opponents of the bill have argued that the best solution isn 
‘solution, that the exquisite balance produced through centuries of 
evolution of common law serves justice the best. One cannot help. 
feeling that there is a hint of professional interest here, at least 
from the legal scholars who manage to fill such periodicals as the 
Journal of Product Liability, The real problem with the present 
regime is that a disproportionate effort is required by a plaintiff in. 
travelling through arcane legal byways. The result is inconsistent) 
and, not incidentally, big legal fees. 

True federal reform should bite the bullet and take victi 
compensation out the courts. The analogy is workers’ com 
pensation — a system that has worked well. Employeesinjured.on 
the job can no longer sue, except in extreme circumstances; in 
return, their employers agree to compensate injuries on a no-fault 
administrative procedure. If true strict liability is the standard, 
there is simply no justification for judicial proceedings at all. The 
federal government should be aiming at a simple procedure based 
on the principle that manufacturers are responsible for the 
damage that their products cause, and under which the only 
question to be answered is the equitable settlement of 
compensation. 

Only three kinds of excéptions would be necessary. The first, 
again by analogy with workers’ compensation, is that in cases of 
gross negligence or recklessness on a manufacturer’s ‘part, 
plaintiffs would be allowed to sue in the courts — but would have 
to meet the strict standards required for the award of punitive 
damages. Punitive damages should also be allowed for cases in 
which a manufacturer has failed to provide a proper warning 
when it clearly knew of the danger, for otherwise the manu- 
facturer would find little incentive under a no-fault compensation 
scheme for full disclosure. And it would be necessary to legislate 
for cases in which a manufacturer selling a defective product has 
gone out of business before damage has been caused — a set of 
circumstances not catered for under present law. Ce 


Patrons for universities 
The UK Government should help its universities 


find patrons and be a better patron itself. 

IF portents can be relied upon, the relationship between British 
universities and the government which supports them is in a state. 
of modest flux. But as things are, there is no way of telling what” 
changes lie ahead. Much will hang on how seriously the British 

Government responds to the deep anxiety about the state of the- 
research enterprise in Britain (see Nature 26 July, p. 261). But: 
there are more particular developments ahead that will call for x 








“some kind of aresponse. Next month, for example, the University 
Grants Committee will deliver its promised summary of replies to 
the questionnaire put out last year to all British universities. Most 
probably, the committee will be found to have toned down some 
of the more vigorous defences of established practices by its 
constituents but to have made up for defaults of this kind by 
throwing its weight behind the general complaint that the 
“university system is indeed in danger. Thus the committee is 
unlikely to endorse the extreme demand that academic tenure is 
_ inalienable, but will stick up to the best of its ability for the notion 
that universities should be free to govern themselves. That, at 
least must be the hope. 
_ Straws in the wind of change are apparent in two other aspects 
of the relationship between government and the universities — 
finance (which perforce comes from the government in present 
circumstances) and objectives (where the two parties need to 
reach an understanding). Since the beginning of the present round 
of money troubles (in 1981), budgets have been made to shrink 
further than has been necessary on demographic grounds. No 
doubt the next forecast of public expenditure will show a cautious 
retreat from these past privations. But the universities should not 
set too much store by that. The important need is that the 
structure of the financial relationship between the two partners 
> should be redesigned. 
A study by the Committee of Vice-Chancellors and Principals 
: Tast month shows the urgent need for change. For British 
universities collectively, direct subventions by the government 
accounted for roughly a third of total income in the mid-1930s, 
but now the proportion has doubled. At the same time, 
government indirectly pays for roughly a quarter of the cost of 
running British universities, partly by its payment of university 
“fees and student maintenance grants, partly through the research 
councils. During this traumatic half century, meanwhile, the total 
income of British universities from endowments and donations 
has shrunk from more than 17 per cent to a mere 1 per cent of the 
total. Put simply, the university system has grown much more 
quickly than its private sources of support. Now, while some 
institutions (chiefly Oxford and Cambridge) enjoy an enviable 
independence from government, most institutions are firmly in its 
pocket. 
> The vice-chancellors’ committee has some sensible if modest 
remedies to suggest. British universities have been feckless in 
failing to draw on the support of their alumni, a well-established 
practice in the United States, and should mend their ways. And 
the British Government, which is forever urging the universities to 
forge closer links with industry, should revise the regulations on 
the taxation of corporate benefactions so as to ensure that gifts 
are not a charge on profits after tax but on general income. Most 
probably the committee, under Dr John Burnett of the University 
of Edinburgh, goes further than it knows the government will 
countenance when, with an envious glance at Alberta, it suggests 
that the government should be prepared to match, pound for 
pound, what the universities are able to raise from potential 
_ benefactors. But the principle that even the government should in 
the long run benefit if the universities are helped to a greater 
degree of independence is beyond dispute. The government 
should promptly say yes. 
Two other financial issues are more politically charged. A large 
part of the reason why the universities are saddled with iniquitous 
< quotas on student numbers is that there is no mechanism by which 
the cost of student maintenance can be controlled under present 
law. The committee moves further than any comparable body in 
recognizing that Britain is unique in its obligation that the cost not 
merely of students’ fees but of their maintenance will be carried by 
“taxation (unless the parents are well-heeled). Switching to some 
“other system is urgently necessary. The committee flirts with 
-schemes for student loans (which will not save money in the short 
srun), and indeed some reform along these lines should be 
attempted. But the best course for Britain would be a return to the 
old system of scholarships for able young people with no artificial 
restrictions on student numbers. The question whether British 
universities should be compelled (as now) to charge “economic 








fees’’ to students from overseas should be reopened. 


What is all this for? The British Government now finds itself in 
the curious position of being accused of running its universities on 
too short a shoestring while asking that their contribution to the 
national economy should be more direct and more valuable. The 
latest evidence to this effect is a report from the Department of 
Industry, published at the end of last month, which acknowledges 
the likely shortage of trained people in the technical fields in 
which it is especially anxious to succeed — those related to 
information technology. Mr John Butcher, the minister at the 
Department of Industry who was chairman of the committee 
responsible for the study, seems to have been seized with the 
importance of the objective — so much so that there is once again 
talk among government officials of organizing a ‘‘switch’’ from 
arts and humanities to engineering. Again, the next few months 
should show whether the government will put its money where it 
mouth is. There is no other way of getting what it wants. G 


Minds at the helm 


Moves to screen US operators of nuclear power plants 


smack of pseudoscience. 

THE US Nuclear Regulatory Commission (NRC), which professes 
to be concerned about the mental stability of nuclear power plant 
employees, is itself behaving rather erratically. It is now pro- 
posing regulations that would require ‘‘psychological screening”’ 
of applicants for jobs that allow “‘unescorted access” to critical 
areas of power plants; once on the job such employees would be 
subject to ‘‘continual behavioral observation’’ by supervisors. 

The NRC staff has diligently produced a page of fine print to 
guide supervisors in this task. The ‘“‘behavioral changes”’ they will 
be looking out for include excessive doodling, lack of a sense of 
humour, poor eye contact, impatience, borrowing money, 
yawning, complaining of back pain and playing pranks. (The last 
point is particularly interesting as, according to the guide, another 
warning sign of a worker’s psychological impurity is that other 
workers play pranks on Aim. Apparently everyone is suspect when. 
pranks are involved.). 

After detecting these or any of more than 100 other suspicious 
signs, the supervisor will refer the suspect back to the access 
authorization office — apparently the same people who 
administered the ‘‘personality test’’ on him when he applied for 
the job — for an expert evaluation. There, judgement will be 
rendered with the assistance of trained professionals, 
psychiatrists and psychologists who, with scientific precision and 
dispassion, will determine whether the employee will go mad at 
the control panel one day. 

Unfortunately, many psychiatrists and psychologists (more of 
the former) seriously believe that they can predict a person’s 
future behaviour. That view has been accepted by more than a few 
states, which have in the name of science and reason turned over 
to these professions the authority to order the release of criminals 
committed to psychiatric institutions following verdicts of not 
guilty by reason of insanity. Their ability to forecast the 
behaviour of these subjects is unimpressive. The misplacement of 
judicial responsibility is enormous. NRC is now asking for 
comments on its proposal; it is probable that psychiatrists and 
psychologists will like it if no one else will. 

Employers of all sorts, of course — not just nuclear power plant 
operators — are known to resort to all kinds of strange methodsto -< 
find the perfectly trustworthy employee; thus the popularity of lie 
detector tests, handwriting analyses and asking an unsuspecting 
job applicant to open a window that is nailed shut. None is 
scientific, all are capricious denials of an employee’s reasonable 
expectation to be judged on his merits and his performance. What 
NRC is proposing is no more scientific and no less capricious. It 
will substitute undefined and ultimately pseudoscientific criteria 
for objective rules of employee conduct and performance; it will 
elevate a pseudoscientific judgement above the judgement which 
a supervisor truly can make: the important question is whether the 
employee doing his job well. 0 











~ US nuclear power 


Silver lining shows for 
industry as demand grows 


Washington 

ALTHOUGH 1984 is not the best of years for 
the US nuclear power industry, industry 
spokesmen maintain that neither is it the 
worst, and point to several hopeful omens. 

The most recent and tangible success was 
the decision on 2 August by the Nuclear 
Regulatory Commission (NRC) to approve 
a licence application from the Pacific Gas 
and Electric Company to carry out full- 
power testing of its Diablo Canyon-1 plant 
- in California. The utility discovered in 
September 1981 that modifications to the 
original design made necessary by the dis- 
covery of a nearby geological fault had 
been- carried out incorrectly, apparently 
because the wrong plans. had been used. 
Now, with the errors corrected, Pacific Gas 
hopés to’ be supplying eléctricity to con- 
sumers as early as October if tests go 
according to plan. 

The industry has also taken heart from 
the recent decision to resume construction 
at the Seabrook plant in New Hampshire. 
With the plant 85 per cent completed, con- 
struction had been halted, because of esca- 
lating. costs. According to the Atomic 
Industrial Forum (AIF), the will to put 
together a financial rescue package was 
mustered after it became clear that without 
Seabrook, New Hampshire’s electricity 
would have to be supplied by a nuclear 
plant over the border in Canada. 

Another encouraging sign for the indus- 
try is the sudden rise in electricity demand. 
After years of little or no growth, demand 
in the United States jumped by 8 per cent 
according to the latest annual figures. AIF 
predicts that existing excess generating 
capacity will be quickly depleted if this 
growth continues. 

The immediate picture still has its bleak 
spots, however. So far this year, 13 
construction projects have been delayed 
and: four have been cancelled; five 
operating licences have been issued and 
three reactors have started commercial 
operations. And still no new orders have 
been placed for nuclear plants since 1978. 

The spectacular cost overruns that have 
attended the recent cancellations have not 
helped. The most recent casualties, the 
Midland | and 2 plants in Michigan, were 
cancelled last month after $4,000 million 
had been spent. The plants’ owner, the 
Consumer Power Company, says the decis- 
jon to cancel was taken after the break- 
down of negotiations with consumer 
groups over how rising costs could be met. 
The company had offered to absorb $1,000 
-million dollars of the cost and the two sides 
“were not very far apart when it became 
clear that Wall Street would not bail out the 

roject. The company has applied for com- 














pensation for the construction costs, 
saying that the plant will be left in a state 
that would make it possible for a future 
owner to complete the construction work, 
and is now trying to avoid bankruptcy. 
And in New York, asimilar fate may await 
the Long Island Lighting Company, due to 
technical problems and delays at its 
Shoreham plant and the unwillingness of 
the local authorities to cooperate in 
emergency planning. 

Financial woes are casting a cloud even 
over the industry’s recent success stories. 
The financial consequences of the earlier 
blunder at Diablo Canyon are still hanging 
over the utility; it will be up to the 
California Public Utilities Commission to 
decide how much of the $5,100 million 
construction costs can be passed on to 
consumers. i 

On a different front, the industry may 
benefit from the expected publication this 
year of new, lower ‘‘source terms’’ for 
nuclear plants by the Nuclear Regulatory 
Commission. The commission believes 





that the present source terms, which defin 
the likely release of radioisotopes into the- 
environment during an accident, are 
unnecessarily cautious. : 
One immediate consequence of lowerdd” 
source terms would be that emergency 
planning requirements could be relaxed. 
But any such proposal would be certäin to. 
meet stiff opposition: the Union o 
Concerned Scientists (UCS) has already 
declared its belief that source terms used a 
present are too low, rather than too high. 
Another possible effect of revised source 
terms envisaged by UCS would be to alte 
assessment of the maximum liability of; 
plant operator in the event of an accident 
The liabilities of nuclear operators are al 
present covered by the Price~Anderso 
insurance plan, which puts a ceiling o 
liability and includes provisions for costs t 
be shared out between nuclear operators i 
the event of a serious accident. Price- 
Anderson expires in 1987 and in the nex 
Congress discussions will start in earnes 
over how the scheme should be renewed 
One set of proposals already aired by th 
Nuclear Regulatory Commission woul 
have the effect of substantially increasin, 
operator liability, a suggestion the industr 
is rather cool about. But UCS believes tha 
new source terms. would be used to argui 
for a lower operator liability, rather than 
higher one. Tim Beardsle 





Biotechnology centres 


Spanish self-consolation 


Sd dee 

THE Spanish Government is to set up a 
National Centre for Genetic Engineering 
and Biotechnology in Madrid. 

The idea arose last year before the 
Madrid meeting of the committee of the 
United Nations Industrial Development 
Organization (UNIDO) on the foundation 
and location of an international 
biotechnology centre. Officials from 
different ministries agreed to contribute 
funds from their respective budgets to 
support Spain’s candidacy, but when the 
UNIDO committee decided. to split the 
international centre between India and 
Italy, the commitment of the Spanish 
authorities to create a biotechnology centre 
in Madrid persisted. 

A committee including government 
officials, industrialists and scientists has 
been at work for the past year, and a 
planning document has been approved and 
released. The committee has also approved 
the creation of a Centre for 
Microelectronics, to be split between 
Barcelona and Madrid. 

The National Centre for Genetic 
Engineering and Biotechnology will have a 
staff of 220-260, including about 40 
scientists. The initial group of scientists will 
come from laboratories already working in 
related areas, mainly in institutes of the 
Consejo Superior de Investigaciones 
Cientificas (CSIC, the Spanish science 








research council). Because of the lack of 
experience in some of the fields covered, 
other scientists will be recruited: from 
elsewhere. It is likely that this and related 
projects will absorb many of the new 
positions to be created in CSIC. 

The new centre will be housed ‘in a 
10,000m? building on the campus’ of ‘the 
Autonomous University of Madrid, not far 
from the Centre for Molecular Biology. 
one of the leading Spanish research 
centres. The lines of research to be. 
followed at the new centre will includ 
molecular genetics, immunology, plan 
molecular biology, biochemica 
engineering and industrial microbiology. 
The total cost of the project is estimated at 
about 3,000 million pesetas (US$2 
million) over the next three years. : 

The creation of the biotechnology centre : 
is one outcome of the government’s plan to 
concentrate research spending on a few; 
priority fields. The new centre will absorb: 
more than 70 per cent of the money. 
allocated to the government’s outline plan 
for the development of biotechnology. At: 
the same time, the funds available to other: 
projects have been either maintained at 
previous levels or reduced. For example,” 
the funds available this year for molecular: 
and cellular biology and biochemistry from 
the main funding agency represent about 
third of those awarded to the new centre. 

Pedro Puigdoménech 

















Star wars 





Strategic weaknesses made plain 


Washington 

PRESIDENT Reagan’s proposed ‘‘Star 
‘Wars’’ defence is technically unfeasible 
and strategically unsound, according to a 
mew study headed by Sidney Drell, a phy- 
‘sicist at Stanford University. The study* 
released last week, recommends that 
support for the so-called Strategic Defence 
Initiative be limited to the present level — 
roughly $1,500 million per year — and that 
the programme be restricted to basic 
esearch that would serve primarily as a 
“hedge’’ against possible Soviet advances. 

The study warns that the very act of 
intensifying a research and development 
programme in this area could be strategi- 
cally destabilizing: “Even if a deployed 
system never materializes, increased in- 
stability can result as both sides build up 
their forces to preserve their deterrent 
capabilities ...to match each other’s 
anticipated ABM capability.” 

The administration has requested $1,777 
million for fiscal year 1985, and wants to 
‘spend a total of $26,000 million over the 
next five years. The House of Represent- 
atives cut the 1985 request by $400 million, 
tthe Senate by $150 million but the entire 
defence authorization bill is now dead- 
locked in a conference between the two in 
which the most contentious issue is the 
procurement of MX missiles. 

The Drell study treads the increasingly 
familiar ground of technical objections to 
an effective space-based defence, but also 
Jevels a series of criticisms based on the 
effects of such a defence on nuclear deter- 
rence and on stability in times of crisis. The 
administration, in the face of technical 
criticisms of the notion of an air-tight 
‘defence — one that could render nuclear 
Weapons ‘impotent and obsolete” in 
President Reagan’s words — has recently 
begun to suggest that even a leaky defence 
would enhance stability. In a recent 
briefing for foreign correspondents, Under 
Secretary of Defense Fred Ikle said that a 
“‘nyartial’’ defence against Inter-Con- 
tinental Ballistic Missiles (ICBMs) could 
“protect retaliatory capabilities . . . and 
‘thus really introduce additional stability’’. 

‘he reasoning is that even a rudimentary 

efence would introduce so much 

uncertainty into Soviet strategic calcu- 
lations that they would not risk a first strike 
~- success would be too uncertain. But the 
Drell study claims that an effective but 
imperfect defence would diminish not only 
the incentive for a first strike but also the 
reliability of the Soviets’ retaliatory 
‘capability. If both sides have such a 
defence, during a crisis ‘‘each could fear 
that the other would calculate his situation 
‘to. be better (however bad) if he struck 
irst” ~~ knowing that his defence would 
-have to deal only with a crippled retaliatory 
force. 

The study argues that there are ‘‘surer 











and less risky ways to enhance our 
deterrent” than deployment of a massive 
Anti-Ballistic Missile (ABM) system; 
among these are the recommendations last 
year of the Scowcroft Commission to 
replace multiple warhead land-based 
ICBMs with single-warhead, possibly 
mobile, ‘‘Midgetmen”’ missiles — a less 
easy target for a Soviet strike. Drell notes 
that the ABM Treaty itself has enhanced 
the US deterrent: an ABM would protect 
only ICBMs, but the treaty, by assuring 
successful penetration of a retaliatory 
attack, enhances the deterrent value and of 
ICBMs and submarine-launched missiles. 

Drell’s most telling objection is perhaps 
that the Soviets are unlikely to stand still in 
the face of a US deployment of a space- 
based defence. The development by the 
United States of multiple warhead missiles 
in the late 1960s was in fact a direct 
response to observed Soviet ABM 
activities. Steps that the Soviets might take 
in response to a US space-based ABM 
include countermeasures (hardening of 
missiles against lasers and particle beams); 
an expanded ICBM force (Soviet SS-18 
missiles can carry up to 30 reentry vehicles, 
although they are now limited to 10 by 
SALT II, so it would not be difficult for the 
Soviets quickly to boost the number of 
warheads or decoys it could send up); a 
shift to long-range cruise missiles, which 
can evade a space-based ABM; and antisat- 
ellite weapons to destroy a US space 


Academic tenure 


British rights to 


BRITISH universities have washed their 
hands of the government’s plan to legislate 
to extinguish academic tenure. The chair- 
man of the Committee of Vice-Chancellors 
and Principals, Lord Flowers, has now told 
the government (in a letter published two 
weeks ago) that he cannot deliver the 
agreement of the universities voluntarily to 
change the rules on tenure and that, in the 
circumstances, ‘‘it now remains for you to 
decide what you want to do’’. Sir Keith 
Joseph, Secretary of State for Education 
and Science, told the House of Commons 
on | August that the government will 
therefore go ahead with plans to extinguish 
tenure. 

The prospects for speedy change are only 
slim. The government takes the view that 
because the complicated legislation that 
will be required to set up parliamentary 
commissioners with powers to alter uni- 
versity statutes could not be ready for the 
parliamentary session beginning in Nov- 
ember, powers to appoint commissioners 
would not be granted until mid-1986 at the 
earliest. That could mean that the first 
enforced changes of university statutes, 
which will not affect the rights of 


| defence. (As the report by the Office: 

















Technology. Assessment earlier this year 
noted, the “pop-up” defence advocated by 
Edward Teller as a solution to the inherent 
vulnerability of a space-based system 
would require an instantaneous launch in 
response to detection of a Soviet attack, 
and would have to be propelled by a 
booster thousands of times larger than the 
Saturn V in order to get into position 
quickly enough. Even then, small changes 
in Soviet ICBM characteristics — a few 
seconds’ shorter burn time for its boosters, 
for example — would mean that the 
defence could not get up in time.) 

The Drell study and the administration 
agree that US deployment of a space-based 
defence would entail abrogation of the 
ABM Treaty. Even testing might. Article V 
forbids the parties to the treaty to 
‘‘develop, test or deploy ABM systems or 
components which are sea-based, air- 
based, space-based or mobile land-based’’. 
And ‘‘Agreed Statement D” of the treaty 
seems to suggest that exotic ABM systems 
(not involving missile interceptors) not 
foreseen when the treaty was written could 
be developed, tested or deployed only by 
amendment of the treaty. Drell argues that, 
besides protecting US retaliatory capa- 
bility, the ABM Treaty is the ‘‘clearest 
demonstration that escape from total 
political and strategic confrontation is 
possible and can have practical effect’’. 

Stephen Budiansky 


*The Reagan Strategic Defense Initiative: A Technicai, 
Political, and Arms Control Assessment, Sidney D. 
Drell, Philip J. Farley and David Holloway, Center for 
International Security and Arms Control, Stanford 
University. 


go 


academics now in post, can be expected 
only at the end of the decade. 

Views among academics on the latest 
development in this long-standing dispute 
are sharply different. Some think it a pity 
that Lord Flowers’ letter to Sir Keith 
Joseph did not take the opportunity to 
reiterate ingredients of academic tenure in 
whose defence vice-chancellors would be 
prepared to go to the stake. Ms Diana 
Warwick, general secretary of the Assoc- 
iation of University Teachers, says that the 
letter shows that the universities have 
handed the problem back to the govern- 
ment ‘‘with ill-concealed relief”. 

Vice-chancellors, on the other hand, set 
great store by the understanding that has 
apparently been reached with Sir Keith that. 
there will be continuing consultation about 
the drafting of the impending legislation, 
and some even claim to have detected signs 
that Sir Keith is no longer convinced that 
changing the pattern of academic tenure is 
more than a symbolic gesture. They also 
guess that many universities will, under the 
threat of legislation, change tenure rules 
off their own bats without waiting for 
governmentintervention. John Maddox 












- Nuclear shipping 





Japan’s vessel still adrift 


Tokyo 

THE Japanese Government has decided to 
provide yet more funds for the ill-starred 
nuclear ship Mutsu, in spite of a wealth of 
scientific evidence for its own advisory 
boards that the project will serve no further 
useful purpose. The decision is partly a 
compromise between the interests of dif- 
ferent scientific agencies and partly a result 
of the bureaucratic fallacy that ‘‘We must 
spend more or the money we have already 
spent may come to nothing”’. 

The saga of the Mutsu, wandering 
Japan’s seas unable to find a home, un- 
wanted and gobbling up vast quantities of 

« ‘public money, has long verged upon farce. 
After its launch in 1968, the 8,200-ton ship 
was fitted out in Mutsu City and was ready 

` for-sea trials by 1972. But the Mutsu’s 

- builders: had reckoned without the local 
fishermen, who were terrified that radio- 
active discharges could ruin the local 
scallop fisheries upon which they depended 
for a living. Only two years later, when a 
typhoon had dispersed a blockade of 250 
small boats, was the Mutsu able to break 
out of the harbour — at midnight, 
appropriately enough. 

A few days later, the reactor went critical 
— and then virtually everything the ship’s 
opponents feared would happen did 
happen. The reactor began to leak: not a 
great deal, but as the ship was now 500 
miles from shore, the crew had to impro- 
vise repairs with whatever was at hand. The 

~ ship's cook seems to have played a vital 
part in affairs, for rice was boiled up with 
borates in order to add to the radiation 
shielding; when this proved only a partial 
success, cast-off socks were added to the 
mixture. It was now essential to get the ship 
back to port for repairs. But having been 
rid of the Mutsu, the local fishermen were 
adamant that it should not return. For a 
month and a half, the ship drifted offshore 
while the mayor negotiated with the 
government. Victory for the locals was 
finally complete: the ship was allowed back 
only on condition that it left permanently 
within six months, that all shore-based 
facilities for the ship were removed and 
that a programme of public works would 
be paid for by the government along with 
compensation for any fall in sales of the 
local shellfish caused by the bad reputation 
the ship had given the area. 

From Mutsu City in the far north of 
Japan, the Mutsu set off for the south, 
meeting flotillas of protesters wherever it 
went. A few years were spent in Sasebo, 
Nagasaki, where new radiation shielding 
was added and then the ship had to move 

on again, this time back to the north, to 

_.. Ominato in Aomori prefecture. By 1984, 

7,000 million yen (£175 million) had been 

spent — almost ten times the original cost 
of the ship — on repairs and more repairs 
and on liberal handouts to mollify local 






















protesters. More than Y 12,000 million was 
spent on repairs at Sasebo alone without it 
being clear whether they were complete. In 
the past two years, the ship has made one 
voyage — winching itself forward 100 
metres to check an anchor. Even this move 
required negotiations with two ministries 
and two local authorities. 

With this background and the know- 
ledge that a further Y100,000 million 











BIR: 
would be required to bring the ship into full 
service, it is hardly surprising that the 
ruling Liberal Democratic party’s Science 
and Technology Committee recommended 
this year that the Mutsu be scrapped. It 
claimed that by the time further work was 
complete, the ship would be out of date and 
that, in any case, the era of nuclear ships 
the Mutsu was meant to herald was 
showing no signs of arriving. But while the 
report was being considered, the govern- 
ment decided that a permanent home for 
the ship could be found only by building a 














new Y60,000 million port. Construction 
began a few months ago at Sekinehama, - 
close to Mutsu City, even though. nò 
decision on the future of the ship has been 
made. 

The government was not able, however, 
to make the decision to scrap the. ship 
Once again, it decided to provide the lowest: 
level of support needed to keep its experi 
ment alive. One factor which seems to hav 
swayed the government, besides the vested 
interests of the Science Technology Agency 
which has been responsible for the Mutsu, 
was the negative reception. of the mission: 
which visited the United States and Europe” 
in the hopes of gaining cooperation on 
nuclear ship developments. Nuclear- 
powered ships are seen in the West a 
primarily of military importance. and no. 
country seems to have been prepared to. 
share its secrets with Japan. Even if the 
prospects for commercial nuclear ships are: 
poor, those seeking further support for the: 
ship made much of the view that whatever, 
Japan is to learn about nuclear ships, it will 
have to learn from the Mutsu, outdated o 
not. ae 

Commercial nuclear ships, first. 
advocated in the 1950s, have been th 
victims of economics, chiefly the -high 
capital cost of the nuclear reactors. 
necessary for seaboard operation and the 
shore installations needed to maintain 
them. A US vessel built in the 1950s has. 
long since been abandoned. The Soviet. 
Union operates a nuclear ice-breaker,; but. 
for the rest, the only nuclear ships at sea are 
military submarines and aircraft carriers. 

Alun Anderso! 





Japan to import US idea 


Tokyo 

FOREIGN governments have long envied the 
efficiency of Japan’s Ministry of 
International Trade and Industry (MITD, 
wondering whether they should have some- 
thing similar — France has even gone so far 
as to set up an imitation ministry. But 
Japanese Government officials are just 
now wondering whether they should be 
imitating the United States, setting up an 
organization modelled on the Office of 
Technology Assessment. 

The principal cause of this Japanese 
soul-searching is the money thrown away 
on the nuclear ship Mutsu (see accompany- 
ing article). Why was the project allowed to 
drag on year after year without any clear 
goal in sight? The answer seems to be the 
lack of overall control of, and coord- 
ination between, the different ministries 
and agencies concerned with science and 
technology. 

The Science and Technology Agency 
(STA), which was responsible for the 
development of the ship, has been deter- 
mined to keep on extracting funds for it at 
any price. Other scientific groups have long 
favoured scrapping the ship. The result has 
been compromise — the Matsu has spent 








the past ten years being repaired, instead of 
being either scrapped or made to produce 
some tangible scientific result. o 

This is only one example of the unprof- : 
itable disagreements between ministries 
and the lack of a powerful central review: 
body. Others are the competition between. 
the Ministry of Posts and Telecommuni- 
cations and MITI over electronic 
technologies (see Nature 308, 763; 1984) 
between the Ministry of Education, 
Science and Culture (MESC) and MITI 
over software copyright (see Nature 309, 
393; 1984) and between MESC and STA 
over space development, each maintaining 
its own independent rocket launcher 
research programme (see Nature 305, 374; 
1983). 

Now the director-general of STA, 
Michiyuki Isurugi, has revealed plans for a. 
new. scientific review body apparently 
modelled on the US Office of Technology » 
Assessment, which has been praised in 
Japan for aiding the suspension of 
supersonic passenger plane development 
and for opposing increased spending on : 
fast breeder reactors. The final shape of the - 
new body is expected to be decided in the. 
autumn. Alun Anderson 


PSSS 











Gasoline lead 


Washington 
CITING “overwhelming” evidence that 
lead in gasoline isa threat to human health, 
the Environmental Protection Agency 
(EPA) has proposed cutting back the lead 
content of gasoline by 91 per cent. 
Besides bringing about a direct reduction 
in the amount of lead going into the 
¿< atmosphere, the new rule, if adopted, is 
“expected to increase the price of leaded 
gasoline at least to that of unleaded, thus 
¿discouraging the practice of fuel switching. 
An estimated 13 per cent of car owners 
equipped with catalytic converters illegally 
use leaded fuel because of its lower price. 
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‘The leaded fuel then destroys the catalyst, 
causing another pollution problem: hydro- 

carbon and carbon monoxide emissions 

increase by at least a factor of four. 
The Reagan Administration had origin- 
ally proposed doing away with, or at least 
relaxing, the old lead-in-gasoline standard 
of 0.5 grams of lead per gallon applicable to 

the average lead content of all gasoline, 
-leaded and unleaded. After complaints 
: from health experts, the administration 
changed its mind and, in the autumn of 
1982, imposed a standard of 1.1 grams of 
lead per gallon of leaded gasoline, which 
-EPA reckoned was equivalent to 0.5 grams 
“per average gallon standard, and which 

‘would reduce lead even more as the use of 
leaded gasoline declined. 

Last week, EPA Administrator William 
‘Ruckelshaus acknowledged that the reduc- 

ion had not occurred as quickly as had 
een expected, largely as a result of fuel 
witching. The agency had predicted in 
982 that lead usage would be 21.4 x 10° 
grams by 1988 but its revised estimate is 
35.7 x 10° grams, up by 67 per cent. 
The new standard, 0.1 grams of lead per 
allon of leaded gasoline, is the minimum 
amount needed for older engines that 
require lead as a valve lubricant. EPA esti- 
‘mates that by the mid-1990s, all of these 
older cars will have been retired; at that 
time, an absolute ban on lead in gasoline 
may be proposed. 

EPA is considering two options for 
introducing the new standard. The first 
+ would impose it in 1986, the second would 

phase it in, reaching 0.1 grams per gallon by 














Ruckelshaus makes a move 


1988. There will be hearings on the pro- 
posal at the end of the month. 

The lead proposal is one of the very few 
that the Reagan Administration has made 
to tighten environmental regulations. 
Ruckelshaus last week cited the persuasive 
evidence linking lead in gasoline and lead in 
children’s blood. His case was probably 
not hurt, either, by a cost-benefit analysis 
showing that the cost of the new regu- 
lation, $375 million, is vastly exceeded by 
reduced medical costs and reduced vehicle 
maintenance costs of $1.8 million. The 
Office of Management and Budget, the 
well-known scourge of environmental 
regulation, could not argue with those 
numbers. Stephen Budiansky 





Biophysics congress 


Stay-away hosts 


THE eighth international biophysics 
congress held at Bristol (United Kingdom), 
from 29 July to 4 August and organized by 
the International Union for Pure and 
Applied Biophysics (IUPAB) and the 
Royal Society, attracted approximately 
1,300 people. The triennial conference 
aims both to provide a forum for discussing 
latest developments in a particular field 
and to give people a flavour of the bio- 
physical world outside their own part of it. 

A vast range of topics was considered at 
Bristol and the small number of invited 
speakers in each session were provided with 
enough time to present their own work in 
relation to a general framework. The 
central emphasis at this conference was on 
atomic interactions, structural transitions 
and dynamics of macromolecules and 
membranes. Recent biophysical advances 
in resolving higher levels of molecular 
organization (motile and structural pro- 
teins, sensory receptors) were described 
with the use of computer graphic, nuclear 
magnetic resonance (NMR) and image 
reconstruction methods. Two practical 
applications of biophysics were much in 
evidence, in vivo NMR, the non-invasive 
technique with huge medical potential, and 
the manufacture, processing and storage of 
foodstuffs. 

International enthusiasm for the con- 
ference (over 350 delegates from the United 
States alone, good representations from 
the Soviet Union and China) was not 
mirrored by the UK attendance, which was 
only one-sixth of the total. Clearly many 
“soft money”’ scientists were not prepared 
to pay for the cost of the meeting from their 
grants. However, a successful conference 
was achieved by almost 1,000 poster 
displays of current research, efficient 
organization and pleasing surroundings in 
Bristol’s floating harbour. Sights are 
already set towards Jerusalem in 1987. 

Maxine Clarke 











Sakharov: l 
More anxiety 
in West 


SCIENTISTS from 13 countries, including 
several Nobel prizewinners, will this week 
launch a new action in support of Dr 
Andrei Sakharov and his wife, Elena 
Bonner. Those concerned will offer to 
maintain a continuous presence in Moscow 
of volunteer ‘‘good faith witnesses” (on a 
rotating basis), if the Soviet authorities will 
allow Mrs Bonner to travel abroad for 
ophthalmic treatment. 

It was in protest at the refusal of the 
authorities to permit such treatment that 
Dr Sakharov began his reported fast in 
May. The Soviet official line, however, is 
that Mrs Bonner can receive adequate 
treatment in the Soviet Union and that she 
wishes to go abroad only to carry out anti- 
Soviet propaganda. 

Those who have agreed to act as ‘“‘good 
faith witnesses’’ are treating the commit- 
ment seriously — to the extent that several 
of them have carefully specified the dates 
when they have unbreakable professional 
commitments. Under the circumstances, 
however, the likelihood that their offer 
would be accepted seems extremely remote 
— leaving aside the question of what 
reprisals the Soviet authorities could take 
on. the ‘‘witnesses’’ should Mrs Bonner 
either fail to return or give press interviews 
which the Soviets might consider had a 
political content. 

Moreover, according to sources in 
Moscow, Mrs Bonner has succeeded in 
getting a letter to her friends there, for the 
first time since May, in which she says that 
she expects to be put on trial before the end 
of the month, on a charge of anti-Soviet 
slander. Dr Sakharov’s relatives abroad are 
with good reason cautious about any news 
purporting to come from either of them, 
but his step-daughter, Mrs Tania Yankele- 
vich says that the family are inclined to 
accept this particular letter as authentic. 

The relatives, however, still have no 
reliable news about Dr Sakharov. Mrs 
Yankelevich, says, however, that the 
family are treating seriously reports that, in 
June, a team of experts on forcible feeding 
was sent to Gor’kii, and also the report in 
mid-July that Dr Sakharov had been given 
injections of psychotropic drugs. Even 
here, however, there is some lack of clarity, 
since the psychiatrist said to be commuting 
to Gor’kii by special plane, Dr Vladimir 
Rozhnev, is a specialist in psychotherapy 
and hypnosis. not in drug-treatment. It is 
possible, of course, that a two-pronged 
course of “‘treatment’’ has been used, 
particularly since (according to Mrs 
Yankelevich), during Sakharov’s previous 
protest fast, in November 1981 (to obtain 
an exit visa for his stepson’s fiancée) 
““psychotherapeutic’’ pressure (but no 
drugs) was used in a vain attempt to get him 
to abandon his fast. Vera Rich 

















Artificial fertilization 








US Congress plans to act 


Washington 

A NATIONAL commission to monitor the 
use of in vitro fertilization and related 
techniques in the United States moved a 
little closer last week. A House of 
Representatives subcommittee heard 
arguments for guidelines governing the 
practice from a wide range of legal, medical 
and ethical authorities, and the sub- 
committee’s chairman, Representative 
Albert Gore (Democrat, Tennessee), has 
indicated that he will push for such a 
commission to be established under the 
National Institutes of Health (NIH) 
authorization bill. 

Many of the witnesses at last week’s 
hearings, held by the oversight and 
investigations subcommittee of the House 
Committee on Science and Technology, 
drew. attention to the present chaotic state 
of laws impinging on in vitro fertilization 
(IVF). As IVF techniques are new enough 
to be considered ‘still experimental, there 
could be legal challenges to some aspects of 
IVF in almost half of the states. Many 
states also have (inconsistent) laws that 
could affect embryo transfer, embryo 
freezing or commercial transactions 
involving gametes or embryos. 

The House of Representatives NIH 
authorization bill, sponsored by Gore, 
includes a provision to establish a presi- 
dential commission on human genetic 
engineering. The Senate version of the NIH 
bill‘includes instead a provision to auth- 
orize’ Congress’s Office of Technology 
Assessment to carry out studies in 
bioethics. Gore now believes that the scope 
of the proposed genetic engineering 
commission should be broadened to 
include matters related to new reproductive 
technologies, because the questions raised 
by. the techniques are likely to be similar. 
This change of heart will make it easier for 
a compromise with the Senate version to be 
reached. 

Aides are however anxious to point out 
that there remain substantial differences 
between the two versions. The House 
wants to see a very ‘‘visible’’ commission 
that would have lay and scientific 
representation, hold public meetings and 
publish annual reports. The Senate 
proposal for bioethics studies, in contrast, 
would leave the work very much under 
congressional control. 

The two days of public hearings last 
week were enlivened by the unexpected ap- 
pearance of a group of mothers of children 
conceived through in vitro fertilization, 
some accompanied by their offspring. 
One of the mothers, Mrs Barbara Brooks, 
supported the calls for a presidential 
commission, arguing that it would in time 


make IVF techniques more widely 


available. 
Expert witnesses were almost unanimous 
believing that the United. States has 
















fallen behind in its thinking on IVF. -A 
report on the subject prepared in 1979 by 
the Ethics Advisory Board of the Depart- 
ment of Health and Human Services has 
been left to gather dust, while the board 
itself has been disbanded. Federal funds 
cannot now be used to support research 
involving IVF because research proposals 
have to be approved by the board to qualify 
for support. Researchers appearing before 
Gore’s subcommittee last week argued 
strongly that a mechanism to allow federal 
funds to be used in [VF research should be 
reinstated. 

None of the witnesses called last week 
argued against IVF itself, although many 
had reservations about the related freezing 
of embryos for future implantation or 
research. The questions of the rights that 
attach to an embryo, and whether an em- 
bryo can be owned, were seen by many as 
central to the debate. At one extreme, 














Professor John Robertson of the Univer: 
sity of Texas argued that any restrictions 
on commercial transactions involving’ 
embryos or gametes could violate what he 
saw as the constitutional rights of acouple: 
to reproduce. At this Representative Gore 
appeared momentarily to forget his role as 
investigator, and started arguing the point 
On Thursday, attention turned to the: 
technique for embryo transfer known. a 
lavage, in which a fertilized egg is. 
transferred from the uterus of a donor: 
mother to the recipient. The practice was 
discouraged by the Warnock committe 
but is being practised in the United States 
by Professor John Buster, professor o 
obstetrics and gynaecology at Harbo 
UCLA Medical Center. The main contro 
versy with lavage is however becaus' 
Buster’s commercial sponsors have applied. 
for patent protection not only for the’ 
equipment and materials used, but also før 
the lavage procedure itself. A number o 
questions were asked last week about th 
propriety of patenting a reproductiv 
technique. Tim Beardsle: 








US plutonium 


Japan enjoys inside track 


Washington 

THE Reagan Administration has approved 
the transfer of 189 kilograms of plutonium 
from France to Japan, ignoring protests 
from 15 senators and congressmen that the 
proposed shipment by sea is too dangerous 
and sets a bad precedent. 

The plutonium, in the form of 
plutonium oxide, was reprocessed in 
France from spent fuel earlier shipped 
from Japanese reactors. The material is 
subject to US control because it is derived 
from uranium supplied to Japan by the 
United States. 

The transfer is the first to be approved 
since the enactment of the Nuclear Non- 
proliferation Act in 1978. The act lays 
down strict conditions on all nuclear trans- 
actions between the United States and 
other countries; in the case of so-called 
‘‘retransfers’’ of nuclear material 
originally supplied by the United States, 
the Secretary of Energy must determine 
that it is provided with adequate physical 
security and safeguards and that it is not a 
proliferation risk. The secretary’s decision 
is not subject to congressional approval in 
the case of retransfers. 

The United States has.already approved 
the reprocessing of spent fuel containing 
14,000 kg of plutonium, so the present 
Japanese request is expected to be just the 
first of many. 

Senator William Proxmire (Democrat, 
Wisconsin) and Representative William 
Ottinger (Democrat, New York), who led 
the protest, said they were particularly con- 
cerned that it had been approved without 
consideration of Japan’s actual need for 
the fuel. According to an analysis prepared 
by the Federation of American Scientists 





(FAS), Japan has so far obtained 2,540 k; 
of separated plutonium, half from its ow: 
reprocessing plant at Tokai-Mura and hal 
from Sellafield in Britain. FAS estimate: 
that at most. 1,630 kg of that has bee! 
placed into. Japan’s experimental breede: 
facilities and its prototype low-enrichmen 
plutonium reactor (Fugen, a plant o 
roughly 160 MW), leaving at least 900 kg, 
four-year supply for current programmes 
Proxmire said that it was a dangerou 
precedent not to consider need, a situatio 
that could lead to the accumulation of larg 
reserves of unneeded plutonium. 

The approved shipment contains enoug 
plutonium to produce about 30 nucle 
weapons. Japan has already contracted. 
with France and Britain for the 
reprocessing of spent fuel containin 
35,000 kg of plutonium, according’ t 
David Albright of FAS; that would mean 
140 shipments of the size of the present, 
one, at a rate of roughly one per month. 

Another concern of Proxmire and th 
others is the safety of sea shipment. The U 
military is to escort the cargo vessel ‘i 
designated areas’’, according to. the 
Department of Energy; further details, 
including the shipping date, are classified. 
Proxmire said that a level of protection at 
least equal to that accorded nuclear 
weapons should be provided instead. 

Proxmire and the other legislators aired 
their concern in a letter to President 
Reagan. Last week, they received an. 
unusual rebuff when the White House 
Deputy Press Secretary, Larry Speakes, 
speaking from California where the Presi- 
dent is on vacation, said the President 
would not consider the issues that they had 
raised. Stephen Budiansky 





French research — 





Agenda for a new minister 


THE new French Prime Minister, 37-year- 
old Laurent Fabius, ex-minister of industry 
and research, will help to protect research 
from the rigours of a difficult budget next 
year. “Tm quite sure of it”, says the ex- 
president of the space research agency 
CNES, Hubert Curien, who is Fabius’s 
man at the ministry of research and tech- 
nology. But in an interview, Curien had a 
message for all French scientists who — he 
was also sure — would ‘‘understand”’ that 
in difficult times for Europe and the world, 
they can expect nothing exceptional. 

But M. Curien was one of the architects 
‘of the “‘law for research’’, voted two years 
ago, which promised an average real 17.8 
per.cent increase per year in the civil science 
budget and 4.5 per. cent annual increases in 
research posts. Those figures were excep- 
tional. Unfortunately, says Curien, today 
“the economic hypotheses on which those 
figures were based seem not to apply’’. But 
he promises to ‘‘do his best” for science, 
and has set his own targets. He sees it as 
“very urgent” to increase the computing 
power of French laboratories. French 
‘scientific computing has suffered because 
of an unresolved conflict between 
industrial policy (support of home 
industry) and scientific needs (foreign 
computers, as French industry has 
neglected the scientific market). 

Curien’s efforts may be hampered by the 
removal of industry from his ministerial 
responsibilities. The first research minister 
in President Francois Mitterrand’s term, 
left-winger Jean-Pierre Chevènement, 
built up the ministry from a small office of 
the Prime Minister to a ‘‘super ministry” 
of research and industry. When Fabius 
took over from Chevénement (who 
resigned over economic policy), he inverted 
the title to “industry and research” and 
how, as Prime Minister, he has hived off 
industry and given research alone to Curien 

-- who is more scientist, or science 
administrator, than politician. ‘“‘Fabius 
wanted a technical man” to look after 
research, Curien explains, and felt that the 
industry portfolio, heavy with the 
problems of the coal and steel industries, 
needed a separate ministry. However, this 
might be thought to mark a political 
downgrading of science, and a potential 
conflict between industrial and research 
interest (as in computing). Against this 
must be set the fact that Fabius has 
confirmed his belief in research and 
echnology as the potential saviours of 
France. The 1982 law for science aimed to 
make French research and development 
spending reach 2.5 per cent by 1985 (it 
bottomed out at 1.8 per cent in the late 
1970s.) It will not do so, Fabius has 
admitted, but he has raised the stakes by 
announcing a longer-term (wisely undated) 
etarget of 3 per cent. 
Curien’s main objective is ‘‘quite clear’’. 








Despite the split of his ministry from 
industry, he seeks to improve the links 
between industry and research. “The 
volume of industrial research is not 
enough’’, he says. Curien seeks new means 
to stimulate it — through the banks (now 
nationalized) or by fiscal incentives. 
Curien also plans to bring to a rapid 
conclusion the lengthy Gallic negotiations 
with trades unions and others over the 
“‘statute’’ or regulations defining careers in 
research, and is looking for help from 
Fabius on the matter; and he wants to 
stimulate the mobility of scientists, not so 
much geographically as among disciplines. 








The new. minister also” gives research 
training a high priority. A new system for 
awarding doctorates, shorter and more like 
PhDs than before, gets his full approval. 
But he would like to arrange for many more 
doctoral students to do their research in 
industry, while retaining their university 
links, and he wishes to have a better match 
between the subjects of doctoral theses and 
the needs of industry, not so much for the 
results as for the training this will provide. 
This will be a proposal that may well finda 
response at the ministry of education, 
where the new minister is law-for-science 
man Jean-Pierre Chevénement. But he 
may be so swamped by the vexed problems 
of private and public schooling in France 
that he will have little time to spend on 
university affairs. Robert Walgate 





Agent Orange 


Australian study continues 


Canberra 

FOLLOWING a cabinet decision not to 
support the full morbidity study requested 
by the royal commissioner, Mr Justice 
Evatt, the Australian Government an- 
nounced on 7 August its intention to extend 
the Royal Commission into the effects of 
Agent Orange on Australian veterans of 
the Vietnam war. Citing an expected cost 
increase from $A6 million to $A10 million 
as a major reason for the abandonment of 
the morbidity study, the government has 
extended the time for the commission to 
report to 30 April 1985. 

This is the latest in a series of 
investigations during the past five years 
arising initially from anecdotal claims by 
Australian Vietnam veterans that their 
health had been severely undermined by 
wartime exposure to various pesticides, in 
particular, the defoliant Agent Orange, a 
50:50 mixture of the herbicides 2,4-D and 
2,4,5-T, including the contaminant TCDD 
(2,3,7,8-tetrachlorodibenzo-para-dioxin). 
The veterans claim that during the 
$0,000-man Australian involvement in 
Vietnam, from 1962 to 1972, they were 
sprayed by their own forces and by the 
aircraft of Operation Ranch Hand, the US 
defoliant programme. 

Newspaper reports of claims began to 
appear in 1979 with accounts of cancer, 
depression and anxiety states, and sudden 
uncontrollable rages among other com- 
plaints. In early 1980, weary of being 
branded malingerers and drug addicts by 
government doctors, unsuccessful 
claimants on the repatriation system 
organized themselves in the (Australian) 
Vietnam Veterans Association (VVA) and 
now represent approximately 10,000 of the 
troops who served in Vietnam. In 1982, a 
Senate standing committee into pesticides 
and the health of Vietnam veterans found 
that, while Australian troops were likely to 
have been exposed to insecticides, army 
records demonstrated that herbicide expo- 
sure could not have taken place: the 





veterans’ symptoms were more likely to be 
due to delayed combat stress, the 
committee claimed. 

The Royal Commission began work in 
March 1983, but the cabinet was obliged to 
reconsider the feasibility of future 
investigations when in March this year 
VVA withdrew support for a pilot study of 
veterans’ health, stressing its desire for a 
speedy resolution to the veterans’ claims 
through the repatriation system, where the 
burden of proof for service-related injury is 
usually small. Meanwhile, several 
thousand Australian veterans and their 
families await the outcome of the $180 
million US settlement, although this suit 
refers only to Agent Orange and VVA is 
not directly involved. Jeffrey Sellar 





History preserved — 








THE zoological drawings from Captain 
James Cook’s three voyages to the Pacific 
between 1768 and 1780 are being restored 
and conserved by the British Museum 
(Natural History) with the support of IBM 
(United Kingdom) Limited. . 8 








“Acid rain 





“NEWS 


Allies for UK Government 


THREE British reports on acid rain in the 
past two weeks, in what newspapers call the 
“silly season”, might seem a neat way to 
bury an issue. But that might not have been 
the intention of the Watt Committee on 
Energy, the House of Lords Select 
Committee on the European Communities 
or the Royal Society (see below). All 
emphasize the scientific complexity of the 
problem and none offers.a quick palliative. 

And yet, the Department of Energy is 
so delighted with the independent Watt 
Committee report that it has offered to pay 
its acid rain working party, under the 
chairmanship of environmental scientist 
Professor Kenneth Mellanby, to spend 
another six months expanding its review of 
policy options. 

The reasons for government glee may 
not bë far to seek. Britain is a large net 
exporter of sulphur dioxide, the long-range 
component of acid rain, and is under 
pressure from European partners to retro- 
fit expensive sulphur scrubbers to its 20 





Mason’s own view 


Sir John Mason, according to some 
observers, has committed a slight faux pas 
in releasing his personal review of the status 
of ‘‘acidification of surface water: 
research’ (published by the Royal Society). 
Sir John is programme director of the 
tripartite Royal Society / Norwegian 
Academy/Swedish Academy research 
project, and he may have embarrassed his 
partners who wish to remain objective — 
and uninfluenced by British views. 

However, Sir John makes it clear that his 
report is personal, just one paper 
submitted for discussion at an early 
management meeting of the tripartite 
study, and not a preliminary report of the 
study itself. Politically, his most important 
(preliminary) conclusion may be that the 
rate of production of sulphuric acid, and 
probably nitric acid, in rain ‘‘is not 
proportional to the emission or 
atmospheric concentration of the 
precursor gases sulphur dioxide and NO, 
but is limited by the availability of oxidants 
such as HO, H,O, and O,’’. This is the 
question that the House of Lords 
committee studying acid rain (see above) 
consider could be a decisive factor in a 
political decision to reduce emissions. 

As for the tripartite study itself, Sir John 
said last week that he is touring research 
groups ‘‘flying round in a small plane” 
identifying gaps in research and attempting 
to match facilities and people. He expected 
the £5 million research programme to be 
announced in December, and there is 
agreement that a few big, site-specific, 
‘international studies should be made. “I 
don't want penny packets”, he said. 

ee t, Robert Walgate 















major coal-fired power stations. But the 
Watt Committee working party has armed 
the government with some strong argu- 
ments to resist that pressure. Similarly, the 
House of Lords committee offers reasoned 
resistance to the proposed EEC directives. 

The Watt Committee argues, for 
example, that the liming of exposed lakes 
may be the most effective means of control 
for acidified lakes, and may cost only “ʻa 
few per cent’’ of measures to retrofit power 
stations, 

The Watt Committee also points out that 
NO, and hydrocarbon emissions, which in 
photochemical reactions produce ozone 
and oxidize sulphur dioxide to sulphur 
trioxide, greatly increasing sulphur 
solubility, may play a controlling role in 
producing acid rain. Thus whereas a 
decrease in NO, and hydrocarbon 
emissions might have a proportional effect 
on acid rain, a decrease in sulphur dioxide 
emissions might not be so effective. 
Moreover, NO and HC are, on the whole, 
emitted and deposited locally. 

And apart from all that, the committee 
also says that countries complaining of net 
import of sulphur dioxide could more 
effectively reduce acid precipitation by 
reducing their own outputs which, being 
local, have more effect. Thus, says the 
report, to reduce sulphur deposition in 
Norway by one ton, Britain would have to 
reduce its output by 46 tons; but Norway 
would have to reduce its emissions by only 
two tons. Thus it would seem advan- 
tageous for Britain to pay complainants to 
clean up their own doorsteps, while 
continuing to emit sulphur dioxide 
unhindered. 

However, the Watt Committee working 
party, in other sections of its report, 
emphasizes that there is so much un- 
certainty that it is simply unclear what 
strategy would be best to solve an admitted 
environmental problem. ‘‘In Britain, when 
we know what is the cause of a problem, we 
do have a good record of cleaning it up”, 
said Mellanby. He was just afraid that 
millions of pounds will be spent on sulphur 
dioxide control to little effect, diverting 
funds from more effective projects. 

Meanwhile the House of Lords slammed 
into the proposed EEC legislation, which 
would aim to reduce large power station 
emissions of sulphur dioxide by 60 per cent, 
particulates by 40 per cent and nitrogen 
dioxide by 40 per cent, by 1995. Just to 
achieve the target for sulphur dioxide 
would cost the British electricity industry 
£1,990 million in capital and £350 million in 
running costs, the committee estimates. 
But the European Commission has under- 
estimated these costs by a factor of five, 
and ‘‘substantially overestimated” the 
value of the benefits ‘‘mainly due to a mis- 
understanding of the causes of alleged 
damage by pollutants’’. Desulphurization 


: posed of, only some of it reliably. 































































would also cause environmental damage 
four million tons of calcium carbonate’ 
would have to be excavated each year and: 
7.5 million tons of wet calcium sulphate dis 


The report also criticizes the Com- 
mission for misinterpreting the recent US: 
National Academy of Sciences report on © 
acid rain — which in part reviewed 
European data (from the European. 
Monitoring and Evaluation Project, 
EMAP, which involves over 106 stations 
This data, as the NAS report 
demonstrated, showed no evidence ofa 
linear relation between sulphur dioxide and 
NO, emissions. Yet the commission 
focused on the single US source of data, the 
Hubbard Brook site, which evidence has 
been strongly criticized. The House of 
Lords says bluntly: “the Committee are 
disturbed that the Commission has 
weakened. confidence in its directive by 
misrepresenting the evidence on such a 
critically important issue’’. 

Nevertheless, the House of Lords‘argues 
that some control measures should. be 
taken — it recommends the long-term 
introduction of pressurized fluidized-bed 
combusters, which are more energy 
efficient and less polluting, and also 
suggest that ‘‘immediate steps” be taken to. 
fit two power stations with flue gas de 
sulphurization. (The EEC regulation. 
would imply the same be done tọ 1 
stations.) The result would be a30 per cen 
reduction in sulphur dioxide by the year 
2000, according to the Central Electricity 
Generating Board. Robert Walgat: 
The three reports are: Acid Rain, The Watt Committ 
on Energy, Report No. 14; Air Pollution, 22nd report 
of the House of Lords Select Committee on ‘the 
European Communities; The Current “Status... 


Research on Acidification of Surface Waters, by B 
Mason, The Royal Society. 


Student benefits 


THE Department of Education and Scie 
has announced a series of improvements in 
the financial support British students ma 
expect in the coming year. These include an 
increase in the employer contribution a 
student may receive before the state- 
backed maintenance grant is cut. Studen 
may now receive a total of £1,600 from 
sources — £1,900 for National Engineerin 
Scholarship Students. (The current student 
lodging grant is £2,100 a year for London 
and £1,435 for elsewhere.) The government 
hopes that these concessions will encourage. 
students to pursue careers in industries vital 
to the economy. : 
Other students to benefit are those 
studying outside Britain and those under- 
going teacher training while employed as. 
full-time teachers. There are also to be 
increases for students’ dependants. 
The National Union of Students, wel- 
coming any change that will leave i 
members better off, says that it will 
continue to push for an adequate student 
grant across the board. Marcus Chowne 








Mt Wilson 100-inch lacone | 


Sir — Your article! referring to the closure 





opinions of the value and usefulness of the 
telescope. We would like to present 
another point of view. 

The 100-inch reflector, despite its age (it 
has been in service since 1917 and was for 
thirty years the largest telescope in the 
world), is one of the finest instruments in 
existence. The high optical quality of its 
| mirrors enables it to take full advantage of 
the excellent seeing often enjoyed at Mt 
Wilson — an aspect of the site not 
remarked upon in the news note. Star 
images seen in the Mt Wilson telescope are 
not infrequently smaller and crisper than 
any we have seen in other telescopes. 
Substantial and successful efforts have 
been made in recent years to obtain first- 
class reflective coatings on the telescope’s 
mirrors — not an easy thing to achieve on 
large surfaces. The sharpness of the images 
and the high transmission factor of the 
telescope combine to make the 100-inch 
an extremely potent instrument. Its 
advantages are especially apparent at the 
Coudé focus (the stationary focus at which 
«particularly heavy or delicate equipment 
needs to be mounted). Not only is the 

reflective power of the mirrors good, but 
intelligent design has required only three 
successive mirrors in the optical train; more 

‘fmodern” designs call for five (as in the 

Anglo-Australian telescope) or even seven 

(as in the Isaac Newton telescope), 
-resulting in disastrous loss of efficiency. 
Its auxiliary equipment is also of the 
highest class. The stellar spectrograph at 
the Coudé focus is superb. The data from 
some of the photographic spectrograms we 
have obtained with it have been presented 
as photometric ‘‘atlases’’ of the spectra of 
two representative stars?}; in terms of 
spectral resolution, signal/noise and 
wavelength coverage these are the only 
works of their kind for any star apart from 
‘the Sun, despite the demand for many 
more such atlases. 

There is no equipment on any telescope 
accessible through the Science and 
Engineering Research Council (SERC) that 
will. enable spectra to be recorded with 
anything like the quality and detail 
available from the 100-inch Coudé spectro- 
graph. In the past four years alone, we have 
made nine visits to California at SERC’s 
expense to obtain spectroscopic material 
at the 100-inch. Coudé spectrographs 
comparable with that at Mt Wilson were 
planned for both the Anglo-Australian and 
_ Isaac Newton telescopes, but the former 
was cancelled when the design was com- 

plete and the latter is in a state of abeyance 
despite being half-built. It is most 
< regrettable that there is not, and never has 
“been, any provision for high-quality 
espectroscopy on SERC telescopes: a 
: generation of astronomers has grown up in 








































of the 100-inch telescope at Mt, Wilson, 
Observatory cites some disparaging 








this country without any opportunity to 


_lgarn or to appreciate a large and important 


area of astronomical research. Whether 
observational work on extra-galactic 
objects is ‘‘more exciting’’, as your 
correspondent asserts, is a very subjective 
matter, 

Your remarks about light pollution of 
the Mt Wilson site are only partly justified. 
We should point out that the notorious Los 
Angeles smog never affects night-time 
observing, since at night there is invariably 
a temperature inversion which places an 
effective lid on the smog bowl well below 
the level of the mountain. The sky, 
certainly, is not as dark as it is at a site 
remote from cities; but even at the best sites 
half of the observing time is similarly 
compromised by moonlight. Full moon- 
light is much brighter than the Los Angeles 
light pollution at Mt Wilson. Yet it has 
never been suggested that good telescopes 
should be shut down around full Moon; 
indeed, even ‘‘bright time’’ is in heavy 
demand, particularly since instrumental 
developments (some of them made at Mt 
Wilson) provided equipment which 
permits subtraction of the sky contribution 
from spectra contaminated by a bright sky. 

In short, we wish to suggest that the 
100-inch telescope is being closed not 
because of any shortcomings of its own, its 
site or its staff but because of financial 
stringency within the Carnegie Institution. 
It will be as amazing as it will be 
incomprehensible if organizations 
suffering from the acute shortage of 
observing time on good large telescopes do 
not see in the present predicament an 
opportunity to buy the use of a very 
effective facility for a very modest 
operating cost. 

R. & R. GRIFFIN 
The Observatories, 
Madingley Road, 
Cambridge, UK 


1. Budiansky, S. Nature 3140, 88 (1984), 

2. Griffin, RF. A Photometric Atlas of the Spectrum of 
Arcturus (Cambridge Philosophical Society, Cambridge, 
1968). 

3. Griffin, R. & R. A Photometric Ailas of the Spectrum of 
Procyon (published by the authors, Cambridge, 1979). 


Kitt Peak 


Sır — In your news item on the reorganiza- 
tion of Kitt Peak (Nature 12 July, p.88), 
you state incorrectly that Dr Geoffrey Bur- 
bidge and Dr Jack Zirker had been reap- 
pointed as directors of AURA’s Kitt Peak 
National Observatory and the National 
Solar Observatory, respectively, for five- 
year terms in 1982. In fact, both contracts 
had been renewed only until such time as 
the proposed National Optical Astronomy 
Observatories (NOAO) reorganizaton 
took effect, without prejudice to either 
director’s possible candidacy for the direc- 
torships of those divisions of NOAO. In- 
cidentally, Dr Zirker did not apply for the 








position as Associate Director of NOAO — 
for the National Solar Observatory. 

I find it disappointing that your article 
gives the impression that AURA in- 
validated its contracts with Burbidge and 
Zirker as observatory directors. Both 
understood the terms of their contract 
renewals. I feel it is particularly unfor- 
tunate that our international colleagues 
may have gotten the impression that there 
are clouds over the careers of these two fine 
astronomers, each of whom has made ma- 
jorcontributions to astronomy as an obser- 
vatory director, and who will no doubt 
continue to do so in pursuit of their in- 
dividual research. 

JOHN M. TEEM 
(President) 
Association of Universities for Research 
in Astronomy, Inc., 
Washington, DC 20037, USA 





Basso continuo 


Sik — The intriguing association between 
music and nucleic acid chemistry! may 
generate the need for new terminology. 
Perhaps nucleotide sequences should, 
from now on, be notated on the base clef. 
MARTIN F. HEYWorRTH 

Cell Biology Section, 

Veterans Administration Medical Center, 
4150 Clement Street, 

San Francisco, 
California 94121, USA 

1. Hayashi, K. & Munakata, N. Nature 310, 96 (1984). 





Jumping the gun 

Sir — Restrictive editorial policies con- 
cerning the announcement of a scientific 
discovery in the popular press before 
formal publication, such as those 
embraced by John Maddox (Nature, 21 
June, p.665), only inhibit the timely 
exchange of information between scientists 
and the public. Physical Review Letters 
should be applauded, not condemned, for 
its adoption of a liberal and enlightened 


| policy. 


Maddox seems to be unaware that the 
growing corps of increasingly qualified 
scientific journalists will, despite embargos 
and edicts from journals, ferret out stories 
through personal contacts, preprints and 
other means. His case for restricting 
advance announcements, to prevent 
misrepresentation of discoveries to the 
public, does not hold up. Even after formal 
publication, results can be misinterpreted 
or sensationalized. 

It seems to me that the public has a 
proprietary right to know the results of 
research whenever it is conducted with 
public funds. This issue, in particular, 
needs testing in the courts. Restrictive 
policies such as those adopted by Nature 
will hasten the day that test comes about. 

LEIF J. ROBINSON 
Editor, Sky & Telescope, 
49 Bay State Rd, $ 
Cambridge, Massachusetts 02238, USA 
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W.F. Fyfe*, V. Babuskat, N.J. Price+, E. Schmid’, C.F. Tsang', 


S. Uyeda" & B. Velde# 


An ICSU committee on the geological disposal of high-level radioactive wastes has concluded that 
century-long interim storage is essential and that disposal in subduction trenches and ocean 
sediments deserves more attention. 


IN 1978, the International Council of 
Scientific Unions (ICSU) formed a series of 
„working groups to consider the global pro- 
- blem of the disposal of high-level nuclear 
wastes. This committee, while involved 
with continental, waste. disposal, was 
“naturally led to compare continental with 
‘oceanic sites. The global problem is im- 
“pressive. About. 10 per cent of the world’s 
electrical energy supply is now nuclear and 
the percentage is growing. Developments 
in Europe! and Japan reinforce the general 
conclusions from the Club of Rome?, “‘at 
present the only alternative energy source 
to. fossil fuels which is both technically 
feasible and economically viable is nuclear 
fission”. 

For: energy planners to reach the best 
possible compromises bet ween energy pro- 
duction and environmental deterioration, 
clear demonstrations that nuclear wastes 
ean be safely stored are necessary. But 
nuclear wastes may be dangerous for at 
least thousands of years, so all demonstra- 
tions must rely.on indirect scientific argu- 
ments and predictions. This is why geolo- 
gists must be involved for they, more than 
others, can demonstrate that sensitive 

` materials are preserved in certain rocks and 
notin others. 

If there have been problems and time 
‘delays'in providing the necessary answers, 
it must be remembered that scientists have 
never before been asked to answer disposal 
problems on this time scale. Further, the 
problems are not unique to the disposal of 
nuclear wastes, for there are others (mer- 
cury, cadmium, lead, etc.) which have in- 
finite lifetimes. Only in the recent decades 
has man become capable of modifying the 
surface environment of our planet to such 
an extent that such problems have reached 
critical importance’. 


* Department of Geology, University of Western Ontario, 
London, Canada N6A 5B7; + Ceskoslovenska Akademie VED, 
Geofyzikalni Ustav, 14131 Praha 4, Czechoslovakia; 
+Department of Geology, Imperial College, London SW7 2AZ, 
UK; § Anglo. American Corp., Johannesburg 2001, South 
frica; | Lawrence Berkeley Laboratory, University of 
ifornia; California 94720, USA; $T Earthquake Research 
stitule, University of Tokyo, Tokyo 113, Japan; 
# Laboratoire de Petrographie, Université Pierre et Marie 
ET 30 Pans Cedex. $, France, 
















The basic questions that arose in our 
deliberations were these: 
® Is secure storage possible for periods of 
thousands of years? 
© What is the optimum period of interim 
surface storage? 

@ Where and in what rock types is the op- 
timum site for disposal? 

@ Is present geotechnology adequate, or 
must new technology be developed for 
disposal engineering? 

A major radwaste (radioactive waste) 
repository might involve a cavity of the 
order of 107 m? (0.01 km’). Do we have 
evidence that comparable volumes of sensi- 
tive (soluble) natural. materials have been 
preserved intact for periods of millions of 
years? The clear demonstration of integrity 
in natural systems must be one of the most 
important. aspects of discussions on site 
selection 4, 


Natural analogies 

Perhaps the ideal demonstration might 
come from a natural fission reactor such as 
that at the Oklo site*6. This natural fission 
reactor, which operated about two billion 
years ago, does indeed demonstrate an 
amazing local retention of uranium, 
species derived from plutonium and species 
such as technetium, but others, such as 
iodine and caesium, are largely missing or 
dispersed. Oklo is a little too old, and 
perhaps can be used to demonstrate only a 
worst case. 

The large-scale preservation of bedded 
salt deposits dominated by highly soluble 
minerals in rocks of a wide variety of ages, 
including massive units of Precambrian age 
in the Salt Range of Pakistan, may be more 
relevant. The preservation of relatively 
thin (100 m) salt beds for periods exceeding 
108 years provides time-integrated 
water/rock ratios which cannot have 
exceeded 2:1, for the solubility of NaCl at 
100°C is about 40 per-cent by weight. Data 
on salt dome solution rates’ at depths of 
~ 500 m show very small solution rates with 
pore-water velocities of 3 x 107 km per 
year. 

Perhaps the best long-term permeability 








data for moderately deep systems are to be. 
derived from older rocks carrying signifi 
cant deposits of oil and gas. Such rocks 
invariably of sedimentary origin, and i 
for sediments that the most reliable data o 
fluid flow are at present to be found. ; 
Natural examples of sensitive materials 
abound. Many oxide and sulphide minera 
ore deposits can react with oxidizing o 
reducing fluids. During any such reaction 
trace metals will be redistributed. Th 
preservation. and lack of corrosion in nativ 
copper deposits over a billion years old (as 
in the famous deposits of Michigan) is.als« 
impressive. Useful examples abound, bu 
sufficiently detailed studies of sucl 
phenomena are rare. 








Interim storage © 
High-level radioactive wastes produc 
heat. Heat production from short-livec 
isotopes falls an order of magnitude. pei 
decade for most spent fuels®?. Thus, i 
CANDU fuel bundle produces 2,000. W_ 
after it leaves the reactor, 60 W after ont 
year and 1 W after 100 years®. Swedish: 
spent fuel produces (per tonne of U) 10* W. 
after 1 year, 103 W after 10 years and 10W. 
after 1,000 years’. 
Because of plate tectonic and erosional 
phenomena, most large continental blocks: 
are subjected to stress at levels which vary 
with location and depth. When near 
surface rocks are sampled, relatively ne 
cracks are generally found. In preparin; 
given site for disposal of waste, local 
stresses will be generated by mining, bu 
after emplacement of waste, thermal: 
stresses may build up for a long period of 
time. The perturbed thermal gradients: 
around the waste repository may produce’: 
new mechanical cracking and even -hydro-. 
fracturing by expansion of pore fluids. 
Such problems are not yet well quantified. 
It is certain that these effects would. 
be reduced if interim storage were. 
lengthened, while any influence of radiation: 
on containers and back-fill as well a: 
danger to workers would all be reduced. 
Studies on radiation damage to wastes are e 
still inadequate'®. The ICSU. group: 


























































considered that-interim storage should be 
_ for the longest acceptable period, because 
technology for final disposal, whether 
“terrestrial or on the seabed, is not yet 
established. The “take time” or ‘‘waiting’’ 
option?! might be more responsible than a 
best-guess quick alternative. And, in any 
ease, in a hundred years, wastes may be put 
“to. uses we do not yet contemplate. We 
conclude that there is a need for a major 
effort to find sound methods for secure 
“fong-term (>100 years) interim storage of 
radwaste which are directly observable and 
which can be monitored. Such storage 
would virtually eliminate the problem of 
thermal stresses and would allow closer 
~ packing in a repository and the more soph- 
v isticated engineering of smaller cavities. 

















Crustal stability 

Hitherto, the most intensive investigations 
of site location have centred on continental 
-erust. Much less effort has been devoted to 
seabed disposal, but we would agree with 
Hollister et al.'? in their conclusion that 
disposal of submarine clay formations also 
requires rigorous assessment. The struc- 
ture of seafloor crust is less complicated, 
while its dynamics and thermal regime are 
better known than for continental crust. 
The permeability of seafloor crust is more 
predictable}. 

New observations on the structure and 
processes near ocean trenches suggest that 
subduction zones require careful con- 
sideration as potential disposal sites. Data 
from trench environments (see refs 14,15) 
clearly show that in most, the lithosphere 
cracks to form a horst and graben structure 
(Fig.1) and that light sediments are carried 
- down with the descending plate. Most 
trench environments are extremely cold 
and are characterized by the lowest thermal 
gradients on the planet, so that solution 
processes of waste or corrosion of con- 
tainers will be minimal. Moreover, the total 
mass of fluid available for transport can be 
quantified, as the material is moving into 
“essentially anhydrous upper mantle!®. 
Another advantage of a subduction graben 
4s that the structures are so large that there 
are virtually no restrictions on the size or 
shape of an object for disposal. Hence, the 
trench option requires careful evaluation. 
"On the continental crust, perhaps the 
first requirement for the site of a major re- 
pository is that there should be volumes of 
the order of 10 km? with minimal predict- 
able permeability and with a record that 
Suggests no potential disturbance or 
permeability.change for the next 10° years. 
| On a global scale, present understanding 
“of plate tectonics clearly shows that the 
‘Earth’s crust can be divided into zones near 
plate boundaries and the much larger intra- 
“plate regions. Most plate boundaries and 
rift zones are associated with major 
voleanic and seismic events. While plate 
“boundary regions clearly change over 





“geological time (on scales >10° years), for 


Fig. 1 Horst and graben structures frequently 
observed in trench environments!5. Nuclear 
waste placed ona site such as A in soft sediments 
would later be covered by scraped-off sediments 
and subducted at a rate of 2-10 cm per year. 


the purpose of waste disposal, the present 
global configuration can be considered a 
steady state. 

Our record of seismic events, however, is 
quite short and cannot always be used to 
define stable regions. The Korean Penin- 
sula is at present aseismic, but historical 
records show high activity a few centuries 
ago '7. In any case, while seismic activity isa 
good indicator of stresses of a certain 
magnitude, it says nothing of stress below 
the seismogenic level that may, neverthe- 
less, be significant. It is essential that 
accurate in situ stress measurements are 
made early in site evaluation. 

Studies of Quaternary deposits in a given 
region provide the most convincing 
evidence for stability over the past 10° 
years or so. If a region with Quaternary 
cover shows no recent displacements, con- 
fidence in stability must be increased. In 
principle, cracks, faults and the like can be 
dated by careful study of the new minerals 
formed in them, by using stable isotopes 
(for example, 180/140) and by other 
geochemical observations (for example, 
sulphide oxidation) it may even be possible 
to estimate the minimum total fluid flux 
through the cracks and faults. But few data 
of this type are available!®. 

The common geological wisdom is that 
stable regions with old rocks should be bet- 
ter for radwaste disposal than young 
orogenic regions, but comparisons of 
granitic regions in Japan and Sweden show 
that this is not necessarily true!®. There is a 
tendency for rocks in ancient terranes to 
show the most complex fracture history; 
the Cretaceous granites of Japan have do- 
mains similar to Precambrian granites of 
Sweden. 

The most important property of a rock 
mass in the radwaste disposal context is low 
permeability. Permeability in granitic 














rocks is that related to cracks and faults, 
the former being more important to near- 
field considerations, the latter being more 
important in far-field considerations. In a 
rock mass there are concentrated zones of 
cracks and faults in which are often found 
the large-scale faults. Between these con- 
centrated zones, even in Japan, there is 
often a block almost free from cracks and 
faults, and it may be possible to locate a 
mass with a dimension suitable for rad- 
waste repository, say 1-3 km in diameter. 
If we compare such a good block of granite 
in Japan with acommon block of granite in 


| Sweden, the former is not necessarily in- 


ferior for disposal purposes. 

In Japan, the primary stress agent is tec- 
tonic, due to plate convergence, whereas in 
Sweden, it appears to be related to epeiro- 
genetic movements due to glacial unload- 
ing. Cracks in Japanese granites tend to be 
steeply dipping conjugate pairs, whereas 
Swedish granites also have an abundance 
of horizontal sheet cracks to depths of 
several hundred metres?®. In Swedish 
granites, the stress measurements indicate 
that the horizontal stress (remnant of 
glacial loading?) is 1.5 times the vertical 
stress and the maximum rate of uplift 
amounts to almost 1 cm per year. Although 
Japan is in an orogenic zone, a few in situ 
measurements in tunnels and underground 
power plant sites indicate that the ratio of 
horizontal to vertical stresses is in the range 
0.7-1.4 and that the maximum rate of ver- 
tical movement is only about 1 mm per 
year. Moreover, the filling of cracks by 
clayey materials appears to make the 
Japanese granite much less permeable and 
more adsorptive than the Swedish granite 
at similar depths. Although this compari- 
son is admittedly quite cursory, it provides 
some good reasons why further investiga- 
tions should be worthwhile even in a geo- 
logical-region such as Japan. 

Seismic techniques seem to provide 
promising tools for the qualification of 
crystalline rock bodies against the presence 
of cracks and fracture zones*!. So-called 
cross-hole methods allow sampling of rock 
toa distance of about 1 km in various direc- 
tions, and can be extended to three- 
dimensional surveys, enabling the velocity 
anisotropy to be determined and the crack 
parameters to be estimated spatially?*-*4. 
The electrical conductivity of dry rocks is 
also a function of the crack density 
parameter, but in saturated systems addi- 
tional parameters have to be considered. 


Rock fractures 
Most rocks at depth tend to become more 
impermeable and, indeed, fractures should 
theoretically close or seal at depth, but this 
is not always observed*>. Price** has shown 
how rebound from ice retreat can cause 
fracturing, and recent Canadian and 
Swedish studies?°?!.2?28 show the great 
complexity of fracture systems in crystal- 
line rocks. On the positive side, Mair and 

Green’s work?! shows that modern seismic 
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Fig. 2 Modern boring machines at work in hard 
rocks (quartz conglomerates) in the gold mines 
of Johannesburg. Such technology produces 
minimum damage to the rock mass (compared 
with drilling and blasting) and produces 
smoothly regular walls into which prefabricated 
waste packages could be introduced with 


minimal complexity and handling. 


techniques can be used to detect major 
fractures. 

In general, the relative ease of migration 
of groundwater is determined by both the 
intrinsic permeability of the unfractured 
rock and the fractures that exist within or 
which cut the rock mass. The flow rate in 
fractures is usually markedly higher than 
through the porous media of the unfrac- 
tured rock. With few exceptions, rocks of 
all types and which have experienced a 
variety of geological environments are cut 
by fractures. The variety of existing rock 
types, and the various degrees of indu- 
ration, compaction metamorphism, cool- 
ing, deformation, etc., which they have ex- 
perienced, precludes any simple assessment 
of the multitude of possible fracture 
systems which occur. 

It is instructive to consider a simple 
hypothetical example. Assume that three 
rock types (granite, sandstone and shale) 
have experienced the same degree of exten- 
sion (say 10°, or 0.1 per cent) and that they 
have all reacted to the extension by 
developing sets of barren extension frac- 
tures (joints). These fractures may, on 
average, be spaced 10 m apart in the 
granite. If all the extensile strain is relieved 
by opening of the extension fractures, then 
each fracture will have an average width of 
1 cm. A moderately thick sandstone bed, 
on the other hand, may be cut by fractures 
which have an average separation of | m, 
so that individual fractures would have a 
width of about 1 mm. And a relatively thin 








shale may have a fracture spacing of only 
10 cm, with a fracture width of 0.1 mm. 

Thus, in a given traverse perpendicular 
to the trend of the fractures, the shale will 
have a hundred times as many fractures as 
the granite. But if all other flow parameters 
are constant, the rate of fluid flow through 
a fracture is related to the cube of the width 
of the fracture. Hence, the flow rate 
through a single fracture in the granite is 
potentially 10° times faster than through a 
fracture in the shale, even though there are 
10? more fractures in the shale. The flow 
rate in the granite is potentially 10* times 
faster than through the shale. 

One therefore arrives at the conclusion 
that rocks cut by a myriad of small frac- 
tures may be better acquatards than those 
which are cut by relatively few fractures. 
They will certainly be superior for all 
dispersion, dilution and absorption pro- 
cesses. But fracture systematics are not well 
studied and are even less well under- 
stood??. Of all waste disposal problems, 
understanding the hydrological character- 
istics of fracture systems is one of the most 
urgent areas for study. 

Although much attention has been paid 
to thermal perturbations on the transport 
parameters of species from repository to 
the surface, the present state of modelling 
is imperfect*®. In a repository, all major 
transport processes (heat flow, chemical 
flow, water flow) are coupled to the 
mechanical properties of the rock (stress 
corrosion, hydration expansion and the 








like). While some of these couplings are 
well modelled, fully coupled models are 
inadequate**-**. In particular, fractured 
media are not adequately treated and 
validation of all models against field data is 
essential. 

There is no doubt that there is no single 
ideal host rock for radwaste disposal'*7’. 
Massive isotropic rock masses may tend to 
develop fractures of wide aperture; bedded 
sediments may be best for retention and 
dispersion; rocks formed at high tempera- 
tures may tend to suffer the greatest change 
in properties by the motion of low- 
temperature fluids. A compromise might 
be to use an igneous rock mass covered bya 
well-layered flat-lying sedimentary se- 
quence to guarantee dispersion should 
leakage occur from a pluton (see also 
ref.38). At present we know more about 
flow in sediments than in any other rock 
type. 

As to waste forms, containers and back- 
fill materials, it must be kept in mind that 
all are related and must be as compatible as 
possible. We commend the Swedish effort 
on containers, for if the container life can 
be guaranteed for 103-10° yr, hazards are 
greatly reduced. Attention should focus on 
materials such as copper’? and corun- 
dum”, for which there is excellent control 
of natural solution and corrosion in 
geological situations. 

Proposed waste forms vary from fuel 
rods themselves to glass and crystalline e 
materials**3’4! . There is a need for careful 





with wet back-fill materials. Most pro- 
posed materials are made at elevated 
emperatures and are thus likely to be 
unstable.in low-temperature regimes. 
“Almost all systems propose that swelling 
miectite clays will be used as back-fill, with 
an. array of possible additives to control 
oxidation-reduction conditions and to 
etard specific problem elements. There isa 
great need for further study of the geologi- 
cal stability of such materials and of the 
“influence of radiation on waste forms". 
Little is known about the kinetics of ben- 
‘tonite - illite or illite> kaolinite processes, 
ut the best data may be geological. 


Mining technology 
Although much effort has been expended 
on many aspects of radwaste disposal, little 

‘attention has focused on mining technol- 
ogy. Again, long-term temporary storage 

“should greatly reduce the necessary re- 
-pository volumes. Our expert colleagues 
note that: 

@ Boring machines may provide the best 
cavities with least damage (Fig.2). 

@ Appropriate mining technology for 

depths up to 4 km exists, and the 500- 
~1,000-m depths commonly considered ade- 
quate require careful justification. 

® Repository design should follow site 

and rock type selection and a full analysis 
of all rock properties. Until such data are 

available, designing will tend to be inade- 
quate. 

@ All excavations must be kept as small as 

possible. The zone of a rock mass in- 

fluenced by an excavation increases in size 

“with at least the square, and possibly the 

ube, of the largest dimension of the ex- 

‘cavation. 

@ Containers, handling technology, etc., 
should be designed for the excavation and 
“not vice versa. (Most present approaches 

are quite the opposite.) Problems of 

“ground control are exponentially related to 
excavation size. 

@ Satellite layout may be the most 
suitable. Individual areas could be small, 
easily isolated and monitored. Each satel- 
ite could be sited to use the best local con- 

itions and the best technology. 

@ The development of techniques to see 

iscontinuities (faults, dykes) ahead of 
mining operations should be accelerated. 

“Present crack-sealing techniques require 
‘careful reconsideration; some clay grouts 
may promote later slip. 

@ Optimum depth may become apparent 

only after a full-scale study of rock proper- 

ties, stress levels, etc., in a given region. 

@ Experience shows that assessing closure 

collapse) is difficult and inconclusive. It is 

important to separate elastic closure from 
that due to dilation of fractured rock. The 

“interactions between fractured and intact 
-rock are poorly understood. 

“@ Stress levels are more predictable and 
more regular at great depths. Near the sur- 
face, unusual or unexpected results are not 

“uncommon. 

















work on the reactions of these materials 








Future integrity 
The future integrity of a repository may be 
directly affected by man through drilling 
during exploration for minerals or for 
hydrocarbons or in geothermal energy pro- 
jects. There may also be indirect effects 
because of major engineering construction 
such as the building of a major reservoir, as 
seismic activity is often associated with 
such constructions. 

Ideally, a repository should be sited in an 
area completely free from seismic activity, 
but the identification of such areas is prob- 
ably impossible. 

Climatic changes and their effects 
should be taken into account. Perhaps the 
most probable major climatic event which 
can occur within the next 104~10° yr is the 
onset of a major glaciation, with signifi- 
cant advances of polar and local ice sheets. 
The advance and retreat of such ice sheets 
would have a variety of effects, including 
seismicity, fracturing and changes in the 
hydrogeological regime 7°!, 

Finally, we note that a repository could 
be breached by a meteoric impact. This 
subject tends to be ignored, but the chances 
of such an event may not be as small as 
some believe”, What we emphasize here 
is that there is safety with depth, as shown 
by analysis of impact phenomena®-*. And 
most of these perturbations do not apply to 
deep ocean situations. 


Conclusions 

The chief conclusions of our study are as 
follows. 

@ We consider that interim storage of rad- 
waste for periods of 100 years is desirable. 
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è Most work on radwaste disposal so far 
has been laboratory work. We consider 
that too little effort is being put into geo- 
logical studies related to proposed 
methods, materials, etc. 

@ The best indications of tectonic 
stability, long-term permeability, influence 
of climatic changes, etc., can be found by 
studying deposits formed over the past 5 
million years or so that cover potential host 
rocks. 

@ Present data on fracture systematics of 
rocks and their relation to permeabilities 
on all scales are quite inadequate. 

@ There is a great need for special studies 
of optimum mining technologies. 

@ Studies of the influence of thermal 
perturbations and the coupling to fluid 
flow, rock alteration and fluid chemistry 
are only now developing. 

@ New data on the subduction process 
appear to make this alternative worthy of 
careful analysis; the same is true of ocean 
floor disposal. 

© There is a great need for accelerated 
development of underground laboratories 
in all proposed rock types. 

@ There is a need to consider the problem 
of how a major leak from a repository 
might be detected and treated. 
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Malaria vaccine in sight? 


The latest development in the molecular biology of malaria parasites is not so much a promise 
of prophylaxis as a sign that the promise will not forever be postponed. 


WHAT a day to meet! Thus Dr 
Adetokumbo Lucas, director of the World 
Health Organization’s Special Programme 
for Research and Training in Tropical 
Diseases, brandishing one day last week 
photocopies of a set of page proofs of the 
articles in the current issue of Science (10 
August) describing the structure of the 
gene for the principal antigen of the 
sporozoite form of human malaria, caused 
by the parasite Plasmodium falciparum. 
What Lucas meant was that since Nussenz- 
weig and his associates at New York 
University last year described the structure 

_ of the ‘corresponding antigen of monkey 
‘malaria (Nature 305, 29; 1983), everybody 
has been waiting for the other shoe to fall. 
And now it has. 

As always, even the expected is 
surprising. Of the work now published, the 
more complete is that reported from the 
National Institute of Allergy and Infec- 
tious Diseases, the National Cancer Insti- 

+ tuteand the Walter Reed Army Institute of 
Research in the United States (J.B. Dame 

- et al., Science 225, 593; 1984), but the New 
York University (NYU) group (V. Enea et 

: al., Science 228, 628; 1984) concurs in the 
chief finding — that the most conspicuous 
feature of the circumsporozoite (CS) 
protein from P. falciparum is along stretch 
in which a sequence of four amino acids is 
repeated end to end. Repetition on this 
pattern marks out the structure of the two 
CS. molecules whose structure has 
previously been inferred (from nucleotide 
sequences) — those of P. knowlesi and P, 
cynomolgi. But there the repeating units 
are respectively 12 and 11 amino acids long. 
That the repeating units in the antigenic 
coat of P. falciparum should be so short is 
one surprise. There will now bea great rush 
to tell what can be said of the presumed 
repetitive amino acid sequences in other 
species of Plasmodium, causing malaria in 
people and animals. 

As now described by Dame et al., the CS 
gene of P. falciparum is in three sections — 
a beginning, a middle and an end. The 
characteristic repeating section is the 
middle, which consists of no less than 
41 four-codon repeats, corresponding 
to the amino acid sequence aspar- 
agine~alanine-asparagine—proline. But 
four of the 41 repeating units have a 
different structure, corresponding to the 
-tetrapeptides asparagine-valine-aspartic 
acid-proline. In outline, the structure of 

the CS gene of P. knowlesi is similar but 
er, although the middle repeating unit 














is shorter, at 12 twelve-codon units. 

The beginning and the end of both genes 
differ from the central repeating stretch in 
carrying codons that would specify hydro- 
phobic amino acids. The downstream end 
is assumed to be anchored in the outer cell 
membrane of the malaria parasite. Perhaps 
in real life, individual malaria parasites are 
protected from the outside world by 
sheaths of protein molecules whose 
stability depends not only on the way in 
which the molecules are anchored in the 
membrane but also on their sideways 
interaction with each other. It remains to 
be seen whether the model-builders will 
justify their existence by offering an 
explanation of what the three different 
repetitive nucleotide units now defined for 
malarial parasites imply about the 
presumed common function of the corres- 
ponding amino acid sequences. It must also 
be significant, but of something as yet 
unknown, that the repeating gene sequence 
is preceded and followed, both in P. 
falciparum and P. knowlesi, by closely 
similar regions (15 and 12 amino acids long 
respectively) whose similarity suggests a 
structural function to be identified. 

Evolutionists will also prick up their ears 
at these developments. The conventional 
wisdom is that parasites such as Plas- 
modium are so exquisitely adapted to their 
hosts — replicating at their expense with- 
out utterly destroying them — that their 
evolution must have gone hand in hand 
with at least that of the primates. One 
minor issue is partly answered by Dame et 
al.,: a gene with 42 four-codon repeats 
should be prone to instability in the sense 
that genetic recombination, insensitive as it 
is to anything but the chemistry of codons, 
will often decrease or increase the number 
of repetitive elements in a nucleotide 
sequence. But apart from the four odd 
units in the gene of P, falciparum described 
by Dame et al., there are also 19 regular 
repeating units in which different 
nucleotide sequences code for the same 
amino acid sequence. Recombination has 
its hands tied behind its back. The NYU 
group says that the strain of P. falciparum 
they have investigated has a stretch of 23 
identical repeating units, but there is no 
room for such a structure in the gene that 
Dame et al. describe. So is it possible that 
the details of the fourfold repetition are 
strain-specific? This appears to be the case 
with the blood stage antigen (Coppel et al., 
Nature 306, 751; 1984). 

Much will hang on the answer to that 





question (which should be easily obtained): 
The potential importance of the discoverie: 
now described depends to a large extent on 


‘observations that quite small portions.o 


the CS proteins, hardly more than a dozen 
amino acids, are antigenic. So the greal 
hope evoked by this latest development i 
that it may be possible to make vaccine’ 
against malaria by synthesizing an appro 
priate polypeptide. The snag is that if inter 
strain variability is too flamboyant, the 
cocktail needed may be impossibly 
complicated. The immunogenic capacities 
of the nearly identical sequences before 
and after the repetitive sequences therefore 
cry out for study. z 
So how long will it be before there is a 
vaccine against malaria? The Lucasées.of 
this world know a trick question when they 
are asked one. The only proper answer, 
anyway, is “‘sometime in some future 
decade”. Astonishing though it may seem, 
although malaria may be one of the best- 
described diseases, next to nothing is 
known, in modern language, of the mech- 
anism of the details of the immune defence 
against it. Are antibodies, and the 
B-lymphocytes that secrete them, a suffic- 
ient defence against invasion by the sporo- 
zoites whose antigens are now described 
How, artificially, will it be possible to give 
people a degree of protection against the 
infective form of the malaria parasite that 
will prevent lodgement in the liver? Is the 
cocktail-vaccine eventually needed bound: 
to be one that caters not only for. the 
antigenic variability of the invasive 
sporozoites but for the merozoites 
(matured in the liver) which eventually. 
infect the red blood cells? And how, at the 
end of the cycle, can one prevent the 
maturation of the gametocytes from red’ 
blood cells, so breaking the cycle of: 
infection via the mosquito? : 
Nobody knows. So we, but especially Dr 
Lucas, are in a cleft stick. In the endless 
battle against malaria, well-documented 
since Roman times and now said by the: 
World Health Organization to be 
responsible for 150 million new cases a year 
(for want of an accurate number), we know 
that each new discovery may prove to be 
the basis for effective prophylaxis but with 
a chance of, say, one in 20. The work of 
Dame et al., supported by the 
Nussenzweigs, is one of those 20. Time 
will tell whether discovery will be crucial. 
But as a pointer to the questions that need 
next to be answered, its value is already- 
clear. John Maddox: 






cientific articles 


\ controllable aspect of the 
information explosion? 


from Virginia Trimble 


THE scientific information explosion needs 
“no introduction. More journals are 
uublishing more papers by more authors 
on ever-more-specialized topics than ever 
éfore. And, at least within the major 
American journals of astronomy and 
trophysics, there are now also more 
ords per paper than ever before (Abt, 
[.A. Pubis astr. Soc. Pac. 93, 269; 1981). 
The rise in mean paper length started 
shortly after the Second World War, since 
‘hen it has been monotonic and more than 
linear with time, with the result that a 
typical 1980 paper is nearly three times 
wordier than typical 1910 - 40 ones. A 
imilar trend was recently identified in 
European and American astronomical 
Aletters journals (Harris, W.E, Publs astr. 
‘oc. Pac. 95, 989; 1983). Despite editors’ 
wowed intent to favour short 
Ommunications over long ones, the 
erage letter is 30 per cent longer today 
han it was 10 years ago. The obvious 
fuestions are why, and can anything be 
done about it? Determining just how 
-Widespread the phenomenon is and how it 
correlates with other properties of the 
apers may suggest answers. To quantify 
‘the data, I use a words-in-mean-paper- 
index (WIMPI), whose charm is that it 
eadily permits comparisons among 
disciplines, decades and nations. 
“Investigations of the subject can easily be 
performed by anyone with access to a large 
library and a strong index finger (at least 
he latter should probably be your own). 
A preliminary investigation of one 
inglish-language journal each of physics, 
mathematics and chemistry from the UK, 
he USA and Japan (see the figure legend) 
hows that the trend spotted by Abt and 
Harris is very widespread. For every 


2.0 


‘Changes in WIMPI, normalized to 
1950 = 1.00, The journals represented 
are: for the UK, J. chem. Soc. 
(1900-82), Proc. Lond. math, Soc. 
1903-81), Proc. Phys. Soc. Lond, 
(became J. Phys. 1921-83) and Mon. 
Nat, R. astr. Soc, (1940-82); for the 
USA, Ann. Math. (1900-80), Phys. 
ev: (1913-83), J. Am. chem, Soc. 
(1920-80). and: the American astro- 
nomical: journals studied by Abt 
(1910-80); and for Japan, Bull, chem. 
Soc, Japan, J. Math. Soc. Japan, 
‘Prog. theor. Phys. and Publsastr. Soc. 0.8 
dapan (all 1950-80). The letters 
average includes the corresponding 
-short-communications sections and 
journals plus. Phys. Lett. B, published 
~4nEurope: Data fortheearlieryearsare 0,4 
generally averages (for example, 1910. 
* = 1908-12) and each point represents 
< at least 300 papers. 
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journal examined, WIMPI was larger in 
1980-83 than in 1950. Increases ranged 
from 13 to 115 per cent, with an un- 
weighted average of 64 per cent. This drops 
to 43 per cent, however, if we set the 
Japanese baseline year at 1955, by which 
time the effects of the immediate post-war 
woodpulp shortage had largely 
disappeared. 

The 13 per cent minimum value belongs 
to Monthly Notices of the Royal 
Astronomical Society and the 115 per cent 
maximum to Journal of the Mathematical 
Society of Japan. After renormalizing the 
Japanese data, Journal of the Chemical 
Society London, Journal of the American 
Chemical Society and the American 
astronomical journals tie at 82-85 per cent 
for the largest increases in WIMPI since 
World War II. Disciplinary and national 
averages for the per cent increases in words 
per paper during 1950-80 are: physics, 27; 
mathematics, 77; astronomy, 62; 
chemistry, 93; UK, 45; USA, 65; Japan, 85 
(but only 20 per cent since 1955). Every 
reader can surely find something in these 
numbers to support his most cherished 
preconceptions. 

Among the letter sections and journals 
(most of which are not more than 20 years 
old in their present formats), 10 year 
increases in WIMPI range from 5 per cent 
(J. Am. chem. Soc.) to 38 per cent (Bulletin 
of the Chemical Society of Japan) and 20 
year increases from 40 per cent (Bull. chem. 
Soc. Japan) to 170 per cent (Journal of 
Physics). The average values are 26 per cent 
over the past 10 years and 76 per cent over 
the past 20. Some of the changes closely 
parallel changes in editorial policy; for 
instance, the mean paper length in Physical 
Letters B rose from 3.6 pages in 1973, when 
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the rule was “maximum length not to 
exceed three printed pages’, to.4.6 pages in 
1983 when it read “should normally not 
exceed”. 

The net result is a 1960-80 average 
increase of 76 per cent in WIMPI for the 
letters publications, compared to 29 per 
cent for their associated main journals. 
Such a trend persisting over half a century 
would give us 12,000 word ‘letters’, 
equivalent to about 12 pages of Nature 
(whose authors are currently expected to 
review even rather broad topics in no more 
than 6), The high prestige associated with 
getting one’s work into many of the letter 
publications seemingly encourages authors 
to push constantly at the length limits so as 
to squeeze in contributions that should 
really be full papers. 

The ‘complete range of data shows 
several other trends, strongly suggestive of 
causality. UK paper lengths shrank 
(though not as much as total numbers of 
papers published) during the First World 
War and the Depression and rose slightly 
during World War II (while paper 
numbers, of course, dropped enormously). 
American paper lengths changed little 
during these periods. The reader will 
immediately think of a variety of 
explanations in terms of the kinds of people 
available to do scientific research and the 
resources available to them. For Physical 
Review and Proceedings of the Physical 
Society (=Journal of Physics) the 1980 
WIMPIs have only just climbed back to the 
pre-war peaks reached in 1920 and 1930 
respectively. Annals of Mathematics is 
unique in showing a continuous nearly- 
linear rise in WIMPI ever since the turn of 
the century. Its 1980 papers are, on 
average, 3.3 times the length of its 1900 
ones, reflecting an increasing 
determination on the part of the editors to 
accept only papers that present a major 
new idea in full detail (Rector, D.L., 
personal communication). 

The main trends — universal post-war 
WIMPI creep most heavily concentrated in 
letter publications, correlations with world 
economic and political events, responses to 
editorial policy, and differences among 
disciplines and nations in (perhaps) 
expected directions — are all strongly 
suggestive of an effect largely driven by 
forces external to the kind of scientific 
research being reported. This, in turn, 
provides some hope of moderating the 
current exponential literature growth. 
Unfortunately, the sociology of publishing 
is such that each author’s doing what he 
perceives as best for himself is unlikely to 
lead to the best possible result for the 
scientific community as a whole. Perhaps 
the time has come for some sort of Social 
Contract among authors, editors, referees, 
readers and sponsoring agencies. OQ 





Virginia Trimble is Professor of Physics at the 
University of California, Irvine, California 
92717, and Visiting Professor of Astronomy at 
the University of Maryland, MD 20742, 









Geophysics. 


The nightside magnetosphere 


from S. W.H. Cowley 


THE first sets of data collected by the Inter- 
national Sun Earth Explorer-3 (ISEE-3) 
spacecraft during its passage through the 
nightside magnetosphere, and recently 
published, are yielding results of major 
importance for magnetospheric physics!. 
They provide the first direct evidence for 
the: long-held belief that the Earth’s 
magnetosphere has a very asymmetric 
shape and new insight into the behaviour of 
the magnetospheric tail during substorms. 

All we know about the Earth’s magneto- 
sphere, the cavity in the solar wind plasma 
formed by the Earth’s magnetic field, 
points to the fact that it should have a very 
asymmetric shape, but direct.evidence has, 
until now, been lacking. The field on the 
sunward side is compressed by the ~ 400 
km s! solar wind: flow, and extends. to 
distances of only '~. 10 Earth radii (1 Rg 
6;400 km). On the nightside, howei: 
coupling between. magnetospheric flux 
tubes and the solar wind stretches the 
magnetosphere into a long cylindrical 
magnetic tail consisting basically of two 
bundles of oppositely-directed magnetic 
flux connected to the Earth’s polar regions 
(Fig. la). As long ago as 1965 Dungey 
showed, by considering the motions of the 
polar ionosphere, that the tail should ex- 
tend ~ 1,000 Rẹ downstream of the 
Earth”, 

Until recently, detailed spacecraft obser- 
vations of the tail were available only. out to 
distances of a few tens of Earth radii and 
relatively little was known about the pro- 

‘perties of the nightside magnetosphere 
beyond the lunar orbit (~ 60 R,). In 
mid-1982, however, the ISEE-3 spacecraft 
was moved from its orbit about the dayside 
Lagrangean point 234 R,. sunward of the 
Earth, where it had beeni monitoring solar 
wind particles and field since its launch in 
1978; and, by means of novel lunar gravity- 

. assisted orbit manoeuvres, sent on a series 

of passes through uncharted nightside ter- 
ritory extending ~ 235 R, from the Earth. 
The first major result to emerge from the 
new data is that although the distant tail re- 
tains a well-ordered magnetic structure 
similar to that found near the Earth2, the 
character of its plasma populations is 
distinctly different. In the region near the 

Earth, the magnetic lobes of the tail con- 

tain only a tenuous low-energy plasma, and 

: between the lobes, during magnetically 

quiet conditions, there is a thick (~ 5 Ra) 

. region of hot (~ 5 keV) plasma, named the 
‘plasma sheet’, which drifts slowly towards 

the Earth with average speedsof 100km 
os" (Fig. la). At ~ 200 R,., ISEE-3 made 

_ two: discoveries: first, the tail lobes are 

_-often-pervaded by plasma streaming 
_ tailward at speeds of ~ 200 km s`, but still 

‘ing fairly low densities compared with, 








for example, the density of the solar wind 
(~ 5 ions per cm3); and second, at the 
centre of the tail, between the lobes, are 
plasma jetting tailward at speeds of 500 
~1,000 km s`! and tailward-flowing 
energetic particles'36, The first of these 
findings is rather unsurprising and can easi- 
ly be explained by continual drift into the 
tail lobes of solar wind plasma gaining ac- 
cess along ‘open’ magnetic field lines at the 
tail boundary. The second finding is much 
more important, and provides the first in- 
sight into the location of the much-sought 
quiet-time tail magnetic neutral line. This 
line lies at the centre of the ‘X’ in the 
magnetic field shown in Fig. la, and forms 
the boundary between ‘closed’ field lines 
which flow earthward at the tail centre 
plane and ‘disconnected’ field lines which 
flow tailward (according to Dungey’s 
‘open’ model of the magnetosphere). The 
ISEE-3 flow measurements at the tail 
centre plane indicate that the quiet-time 
neutral line lies at a downtail distance of ~ 
100 R,, (ref.8). 

The’ “second major result concerns the 
behaviour of the tail during substorms. 
These ‘storms’ occur a few times each day, 
last about 1 hour, and are associated with 
brilliant disturbed auroral displays that can 
be seen from Earth at high latitudes and 


Solar Wind = aa tata uct 





por 


Plasmaid 


Fig. 1 Sketches of the Earth’s magnetosphere 
in the noon-midnight meridian plane 
showing, approximately to scale, the large- 
scale reconfiguration which occurs during 
substorms (after ref. 5). Solid lines are 
magnetic field lines, short arrows indicate the 
direction of plasma flow and hatching the 
regions of hot accelerated plasma. a, Pre- 
substorm configuration with the tail neutral 
lineat ~ 100 R; from Earth. At the beginning 
of the substorm. a new neutral line forms in the 
near-Earth plasma sheet resulting in its rapid 
disconnection from the Earth. The resulting 
‘plasmoid’ of closed flux loops flows downtail 
(c) followed by hot tailward-streaming plasma 
accelerated downstream of the new neutral 
line. 











with magnetic disturbances caused by t 
flow of intense currents in the ionosphe! 
and magnetosphere. The ISEE-3 data pro- 
vide new information strongly supportin 
the view that substorms are closely linked 
with large-scale rearrangements of the con- 
figuration of plasmas and fields in. th 
nightside tail (refs 5 and 9 and see Fig. 1 
c). At the onset of a substorm, a new 
neutral line forms in the near-Earth. tail 
(Fig. 1b). at a point where magnetic reco 
nection is sufficiently rapid that, with 
minutes, a large fraction of the pr 
substorm plasma sheet becomes di 
connected from the Earth, forming a lar 
(tens of Earth radii) ‘plasmoid’ of close 
field loops which flows downtail at speeds 
of ~ 500 km s! (Fig. 1c), The ISEE 
spacecraft first detects substorms ~ 20-25 
min after their onset when it become 
magnetically connected to the hot plasma 
accelerated downstream of the new neutr. 
line (for example, at the cross in Fig. 1 
and observes electrons and _high-ene 
ions moving quickly from the ‘tail’ of th 
tailward-flowing thermal plasma, alon 
the newly ‘disconnected’ field lines After 
further 5-10 min, ISEE-3 is engulfed for 2 
min by the hot plasma and. disturbe 
magnetic field region of the plasmoi 
before emerging into the hot ‘substorm- 
accelerated tailward-streaming plasm: 
itself. After ~ 40 min the new neutral lineis 
believed to start moving tailward towards 
position at ~ 100 R,, and this-signals th 
beginning of an ~ 401 min recovery period 
Towards the end of this period, ISEE: 
usually leaves the tailward-streaming plas: 
ma and moves into the tail lobes, though 
can remain in the plasma sheet for hours 
With the advent of Halley in 1986, it isi 
teresting to note that similar ‘disconne 
tion’ phenomena appear sometimes to 0 





cur in the plasma tails of comets. Inthe case. 
of comets, however, the tail is not formed. 


by magnetism intrinsic to the comet, as 
the case for the Earth, but by solar win 


field lines which are ‘caught up’ near the. 
comet head in cometary plasma and which 
are then stretched out downstream to form: 


an ‘induced’ magnetotail. ISEE-3 should 
provide the first observations in situ of 
these magnetotail phenomena as wel 
When it had completed its deep-tail passe: 
the spacecraft was targeted within ~ 1 

km of the lunar surface on its last lunar in: 
teraction in December 1983, and receive 





sufficient impulse to escape the Earth 


altogether and pass through the tail of 


comet Giacobini-Zinner on 11 September. 
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Evolution | 


DNA map of the human lineage 


rom Jared Diamond 


AMONG the primates, man is most closely 
_related to the great apes, especially to the 


himpanzee and gorilla. The fine details of 
ranching patterns within the ape-human 
lineage have remained elusive, however. 
Recent molecular and chromosomal band- 
ing studies have failed to provide decisive 
ew information because humans, chim- 
anzees and gorillas are too closely related 
n these criteria. Of the three possible 
volutionary relationships of the three 


genera (H-C G, H-G C, G-C FA, where 


-ETG means that the gorilla line diverged 
rom the common ancestor of humans and 


chimpanzees before the latter two lines 


iverged from each other), all have found 


recent advocates. There is also the question 


f absolute dating: when did each 
volutionary branch-point occur? A paper 
y Charles Sibley and Jon Ahlquist of Yale 


University, which has just been published 
inthe Journal of Molecular Evolution (20, 
_ 2,.1984), may provide the answers we have 


been waiting for. 
An increasingly popular approach to 
examining our ancestry is by molecular 


-clock methods. Early clock studies based 


n individual proteins or on fractions of 


-the mitochondrial DNA suffered from the 
disadvantage that different fractions of the 


genome evolve at different rates, leading to 
discrepancies among results from different 
clocks’. The aim has therefore been to 
Measure genetic distance based on the 
ntire genome, which is possible by the 
ingle-copy DNA-DNA hybridization 
echnique. In a massive survey of more 
han 1,000 bird species, Sibley and 
Ahlquist previously established by this 


method that the whole genome exhibits a 
uniform average rate of evolution among 
"bird species (see Nature, News and Views 


305, 17; 1983, for a brief synopsis and 
references). Now they present the long- 
awaited results of a study of human 


evolution by the same method. 


“ Sibley and Ahlquist were able to deter- 
mine the entire matrix of DNA hybrids for 
humans, the four ape lineages (chimpan- 
zee, gorilla, orangutan and gibbon) and 
Old World monkeys, including the 


_ chimpanzee itself (Pan troglodytes), the 


pygmy chimpanzee (Pan paniscus), two 
gibbon species and five monkey species. 
The experimental accuracy of the results 
and the agreement between reciprocal 
DNA-DNA hybrids are excellent. 

The results show that man and 


_ chimpanzee are slightly more closely re- 
lated to each other than either is to the 


gorilla, indicating that the gorilla lineage 
was the first to diverge. As a quantitative 


expression of genetic distance, Sibley and 
, Ahiquist use a measure of DNA~DNA 
hybrid. dissociation temperature named 








the AT, H statistic, which is also 
proportional to elapsed time since an 
evolutionary branch-point. For man and 
chimpanzee A 7;)H proves to be 1.9, which 
implies a genetic distance greater than that 
between the chimpanzee and pygmy chim- 
panzee (0.7); similar to that between grey- 
crowned and white-browed babblers (1.5) 
and between Cory’s and sooty shearwaters 
(1.8); slightly less than the distance of the 
gorilla from chimpanzee and man (2.1 
-2.4), or between two species of gibbons 
(2.2); less than the distance between red- 
eyed and white-eyed vireos (2.9) and 
between chimpanzee and orangutan (3.7); 
and much less than the distance between 
two of Britain’s most familiar warblers, the 
garden warbler and chiffchaff (7.5). 

ATi H values can be calibrated to 
absolute dates if the ages of some DNA- 
dated evolutionary branch-points can be 
established independently. Sibley and 
Ahlquist establish such a calibration based 
on fossil evidence that orangutans 
branched from the human-chimpanzee~ 
gorilla lineage between 13 and 16 Myr ago 
and supported by more extensive avian 
data. Measured A Tj) H values can then be 
translated into the following times of 
divergence (millions of years ago) from the 
chimpanzee lineage: Old Worid monkeys, 
27 ~ 33 Myr ago; gibbons, 18 — 22; gorilla, 
8 — 10; humans, 6.3 - 7.7; pygmy 








| chimpanzee, 2.4- 3.0. Two gibbon species 


diverged from each other 7.7 - 9.5 Myr 
ago, around the time that the gorilla 
diverged from the chimpanzee~human 
line. 

One of the tenets of the taxonomic 
philosophy called cladistics is that classifi- 
cations should be based on times of diver- 
gence rather than on subjective evaluation 
of similarity. A Tj) H values thus provide 
the basis for a cladistic classification. 
Sibley and Ahlquist note that their values 
would thereby lead to changes in hominoid 
classification, but they prefer to postpone 
all such discussion until more values are 
available. One implication of personal 
interest to Nature readers deserves mention 
however. Among birds, species with 
A Ts H values up to about 4 are generally 
sufficiently similar that traditional 
taxonomists assign them to the same genus. 
Anthropocentrism may prevent even the 
most devout cladist on Earth from drawing 
the inevitable bitter consequence, but a 
cladist from outer space would surely 
consider the chimpanzee, pygmy 
chimpanzee, man and gorilla as congeners. 
What remains to be determined is which 
genus name has priority by the laws of 
zoological nomenclature. Will our children 
leave our scientific name intact while 
recognizing. an expanded genus Homo with 
the four extant species Homo gorilla, 
Home paniscus, Homo sapiens and Homo 
troglodytes? Or will they reclassify us as 
Pan sapiens, the wise chimpanzee? = 





Jared Diamond is Professor of Physiology at the 
University of California Medical School, Los 
Angeles, California 90024, 





Auditory physiology 


Splitting hairs over hearing? 


from Jonathan Ashmore 


WE really ought to know by now how the 
ear works. The essential event in 
mammalian hearing occurs in the cochlea, 
a coiled fluid-filled compartment of the 
inner ear. In outline, sound sets up a 
vibration pattern in the basilar membrane 
which forms a dividing partition of the 
cochlea (see the figure)! . This design is used 
by mammals to hear low as well as, what 
are to us, ultrasonic frequencies. The 
details of the mechanism are only 
beginning to come clear. It is now known 
that hearing is an active process — the 
ability of the cochlea to discriminate 
frequencies is energy dependent. It is also 
apparent that, normally, the amplitude of 
the basilar membrane motion saturates at 
quite low sound levels, indicating that the 
movement involves nonlinear elements. 
What further distinguishes cochlear 
mechanics from an exercise in three- 
dimensional fluid dynamics is the presence 
in the cochlea of hair cells, neural elements 
possessing a bundle of rod-like stereocilia 





which are deflected as the basilar 
membrane moves. Although hair cells are 
usually considered to be sensory cells, 
Flock and Strelioff address, in this week’s 
Nature? (p. 579), the question of whether 
the hair cells themselves have mechanical 
properties which contribute to the tuning 
mechanisms in the cochlear partition, and 
in doing so present the first direct data on 
individually-manipulated mammalian hair 
cells. 

Frequency selectivity, the ability of the 
cochlea to discriminate frequency 
components in a complex sound, is 
believed to depend on the mechanics of the 
basilar membrane and interactions within 
the cochlear partition’. The position of the 
peak basilar membrane vibration depends 
on the sound frequency, and is much more 
localized than was once thought**. Early 
reports that mechanical and neural tuning 
differed may now have a variety of 
technical explanations. The difficulty of 
cochlear experimentation may indicate 
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Cross-section of the cochlear partition at a mid cochlea position. Scala media contains. high- 
potassium fluid; scala tympani contains normal extracellular fluid. Motion (arrowed) of the 
basilar membrane (BM) causes a shear displacement of the tectorial membrane (TM) against the 
hair cell stereocilia. Inner (IHC) and outer (OHC) hair cell rows shown only, The dotted line 
delineates the part of the organ of Corti used by Flock and Strelioff. (After ref.5.) 


that sharp tuning depends on a complex 
interaction between components of the 
cochlear partition which is easily and 
irreversibly disturbed. 

The neural components most likely to be 
involved in improving frequency selectivity 
are the outer hair cells. They are well placed 
: to modify the movement of the tectorial 
membrane® and, three times as numerous 
as the inner hair cells, they also form the 
main target of the centrifugal pathways to 
the cochlea. Evidence that hair cells 

contain actin in their stereocilia’, as well as 
a whole array of proteins normally 
associated with contractility’, supports 
earlier suggestions that the outer hair cells 
are end organs rather than sensory cells, 
with the implication that they have a 
function in cochlear mechanics. It is not 
clear, however, whether the cells 
themselves are the active elements, 
injecting energy into the cochlear partition 
on a cycle-by-cycle basis, as theoretical 
_. models may require’, or whether their role 
“is to: modulate the coupling of the basilar 
membrane to some as yet undefined energy 
source. 

Flock and Strelioff now suggest that the 
hair bundles of both the inner and outer 
hair cells in the isolated guinea pig organ of 
Corti’ cannot be treated as uniform 
coupling élements.in the partition. Thus, 
chair bundles resist displacement 
asymmetrically, being more resistant when 
deflected in the functional excitatory 
direction. The physiologically very large 
(lym) static deflections applied would 
correspond to a sound level in excess of 100 
decibels. Although the results must be 
viewed with a degree of caution because of 
some uncertainty about the coupling of the 
micromanipulating probe to the hair 
bundle due to the small scales involved, an 
asymmetry of this type in the cells in vivo 
certainly would have consequences for the 
mechanics of the basilar membrane. 

The results further indicate that the 
stiffness of the bundle is graded with 
cochlear position, the cells at the apical 
: (low-frequency) end being about five times 
ess stiff than those in the basal cochlea. 
‘is: nota result of reduced lever 
itage, although the. stereocilia do 





become shorter towards the basal end. The 
finding is a surprise, despite hints of 
something similar in one type of reptilian 
ear where the frequencies to which the hair 
cells respond depends on dimensions of the 
stereocilia!. In most models of cochlear 
mechanics, itis the elasticity of the cochlear 
partition that is varied to produce the 
observed range of frequencies!!. A 
contribution to the elasticity by the hair 
cells might reduce the discrepancy between 
theoretical models.and experimental data. 

What measurements of this kind cannot 








clarify is the nature of the physiological 
labile component of the cochlear partiti 
which ultimately results in the observed 
frequency Selectivity. The paradox is, of 
course, that cell isolation is precisely. the 
condition under which the hair’ cel 
mechanisms relevant to tuning may wellb 
absent, since the effect of in vitro isolatio: 
is to abolish the ionic difference between 
apical and basal portions of the cell as well 
as the 120 mV potential difference. that 
exists across the membrane bearing, the 
sensory hair bundle. Hair cells may be 
more robust than previously thought, b 
we need to know more about the static ai 
the dynamic properties of the cells: unc 
conditions approaching those normal 
found in the cochlea. 
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Holocene penguin extinction 


from Colin Harrison 


FROM bird bones found in a thirteenth- 
century midden on Hunter Island, off 
Tasmania, G. F. Tets and S. O’Connor 
have identified an extinct genus and 
species of penguin, Tasidyptes hunteri 
(Records of the Queen Victoria Museum, 
Launceston 81; 1983). Apparently related 
to other penguins now found around 
New Zealand, and about the size of the 
recent Rockhopper Penguin, it provides 
the first evidence of extinction of a 
penguin during the Holocene. 

G. G. Simpson has remarked on the 
greater number of penguin species 
present in the Upper Tertiary than now. 
The last of these lost forms seems to have 
disappeared with. the changes in climate 
that ushered in the Pleistocene, a time at 
which we also lost the huge Bony-toothed 
Seabirds and, incidentally, the North 
Atlantic Albatross. Subsequent to this, 
the penguins had appeared to be a stable, 
if relict, group of species, too isolated to 
be seriously harmed by man. 

Finds of extinct birds on various 
islands of the Indian, Pacific and 
Antarctic Oceans have begun to change 
our picture of the avifauna of these 
regions. We now know that the present 
birdlife of New Zealand, Madagascar, 
the Mascarenes and the Hawaiian Islands 
represents the relics of larger faunas 
devastated by man in historic times. 


Other very recent discoveries have 
included a number of as yet undescribed 
species on New Caledonia together with 
huge cassowary-sized megapode possibly 
related to the. very large Pleistocene 
megapodes of eastern Australia. The 
period of these early widespread 
extinctions apparently attributable. to 
man seems.mainly to have been the latter 
part of the last millenium and the early 
part of the present’ one, before the 
European incursion into these regions; 
The new evidence does not change our 
ideas on the general distribution of taxa.at 
family. or subfamily levels, but it does: 
indicate the existence, in the past, of a 
greater and more striking diversity of 
forms than we had previously assumed. It 
also underlines the need for caution in 
erecting hypotheses based on the number 
and variety of bird species now present in 
such places. Finally, even after allowance 
has been made for habitat-changes that 
may have accompanied these extinctions, 
the absence of the lost species must have 
affected the potential distribution and 
populations of those remaining, and may. 
help to explain successful and rapid. 
colonizations by some species more 
recently introduced. OQ 


Colin Harrison is at the British Museum. 
{Natural History), Tring, Herts HP23 GAP. 











Particle physics 


Higgs discovery at DESY? 


from Robert Walgate 


THE Higgs particle — a vibration of the 
‘aether’ with which modern unified theo- 
ries of the forces of nature fill previously 
‘empty’ space — may have been discovered 
in Hamburg. But there is controversy in the 
six-nation 73-physicist team working at the 
Deutches Elektronen Synchroton (DESY) 
on the American ‘crystal ball’ detector as to 
whether the evidence is yet firm enough to 
announce. A member of the team, now at 
DESY’s counterpart and rival laboratory, 
the Stanford Linear Accelerator Center 
(SLAC) in California, leaked the result to 
the press, leaving DESY in the somewhat 
embarassing position of having SLAC 
announce one of its own results, 
‘Nevertheless, say DESY, there is 
evidence for a particle of 8.3 GeV (about 
eight times the proton’s mass) which may 
be the Higgs, or aether particle. However 
the particle, dubbed ‘zeta’ by SLAC (who 
can claim an interest as they built the 
crystal ball), is produced about 20 times 
more rapidly than theory would predict. It 
is found in the decay of the upsilon, a 
particle consisting of a heavy ‘bottom’ 
-quark bound to its antiparticle. 
=. The group now has 100,000 examples of 
upsilon decaying into a photon and some- 
thing else, and in just over 100 cases — a 
tiny fraction — they say this something else 
isa very narrow (long-lived) state of mass 
8.3 GeV, a place where little else than a 
Higgs could live. 
The state appears as a spike in a histo- 
gram, about 5 standard deviations above 
background, and has resisted several 
attempts to remove it by alterations in the 
very complex data analysis programmes. In 
particular, the upsilon-prime, a close 
excited state of the upsilon, does not show 
the peak at all. If it were a data-processing 
effect, it should show up in the upsilon- 
prime as well. 
However this leads to another difficulty 
= for if it were Higgs’ particle, the upsilon- 
prime should decay to it just as does the 
upsilon, and so also show the peak. 
“Nevertheless, a DESY spokesman last 
week described the upsilon peak as 
“beautiful”. But he also explained that the 
crystal ball is here working in a very dirty 
region, highly contaminated by photons 
from pi-zero decays, so the computers have 
to work overtime to extract the tiny signal 
from a mass of noise. 
- Thus, with these and other problems, 
DESY thought it politic to wait for a few 
weeks — when the crystal ball group will 
take data on another 200,000 upsilon 
decays and be able to check their result — 
before announcing that the Higgs, or even 
the zeta, was a reality. 

. As to how the Higgs may be considered a 

“vibration of the aether, this goes back to 








the theory of spontaneous symmetry 
breaking, which is needed in the Salam- 
Weinberg-Glashow (SWG) unification of 
the weak and electromagnetic forces. This 
and most other modern unified field 
theories require the vacuum to be full of a 
transparent, massless, but nonetheless real 
stuff (hence the analogy with the ‘aether’). 
This stuff has two effects: first, it causes 
different fields of force within a unified 
field theory to propagate differently (for 
example, retarding the weak-force field in 
the SWG theory). This is the ‘spontaneous 









symmetry-breaking’ effect. Then second, 
the stuff can itself vibrate, sending density 
waves — like sound waves — through the 
‘vacuum’. Since in quantum theory, waves 
and particles are aspects of the same 
reality, the ‘sound’ waves may be detected 
as particles. These are the Higgs particles. 
Their detection would be an important 
boost to the unified field theories, because 
it would prove — and probe — the presence 
of the vacuum-filling ‘stuff’ on which the 
theories depend. Unfortunately, the theo- 
ries give little clue to the elasticity of the 
vacuum — and consequently to the mass of 
the corresponding Higgs particle. But a 
current lower limit is set at 7 GeV, just 
below the mass of the zeta. 


Robert Walgate is Chief European 
Correspondent for Nature. 





Origins of life 


Bounds to the amplification of 
biomolecular handedness 


from Stephen Mason 


THEORIES accounting for the dominance of 
the L-amino acids and the D-sugars in the 
biochemistry of living organisms centre 
upon mechanisms for the selection of 
enantiomers of one hand from the 
heterochiral mixture of a racemic 
substrate, and for the propagation of 
optically-pure homochiral products. 
Proceeding directly to a model for control 
of molecular turnover and propagation in 
the cell, Joyce ef al! (see p. 602) have 
investigated the template-directed 
replication of a polynucleotide from the 
individual enantiomers and from a racemic 
mixture of the corresponding monomers. 
Their results have important implications 
for theories of the origin of living systems. 

Using poly-p-ribocytidylic acid 
[ poly(C,) ] as the template catalyst, Joyce 
et al, find that oligomerization of 
p-guanosine 5’-phospho-2-methyl- 
imidazolide (p-2-MeIlmpG) is highly 
efficient, giving specifically all 3’ -5'-linked 
oligo(Gp),, ranging in length from the dimer 
(n = 2)ton 20. The poly(C,) template- 
directed oligomerization of L-2-MeImpG is 
far less efficient, giving a mixture of three 
dimers as the major product, as occurs in the 
corresponding uncatalysed reaction. The 
minor trimeric and tetrameric products have 
an increased yield in the poly(Cy)- 
directed oligomerization of the L-isomer, 
however, indicating the persistence of a 
template effect. 

In the template-directed reactions of the 
racemic DL-mixture of 2-MelmpG with 
the poly(Cp) catalyst, the L-isomer 
substantially reduces the stereospecificity 
and  chain-propagation of the 
oligomerization of the D-isomer. Thus in 
these conditions, each n-fold oligomer 
product is now a mixture of up to four 








isomers, and the more extended chain 
lengths (7 > 10) are no longer detected. The 
results of other poly(C,)-directed reactions, 
using C-labelled D-2-MeImpG, support 
the inference that, once a L-monomer has 
been added to either end of a growing 
oligomer, further growth is inhibited. Thus, 
the probable location of the L-guanosine 
residues in a DL-mixed oligomer is either at 
the 5’ terminus or the 2'(3’) terminus, or at 
both positions. The four isomers of a given 
n-fold pL-oligomer correspond to the 
terminal-residue chiralities L-L, L-D, D-L and 
D-D. 

Poly(C,)-directed oligomerization of 
p-2-MelmpG is not inhibited by the 
activated mononucleotides of adenosine, 
cytidine or uridine. The inhibition is 
particular to the enantiomer L-2-MeImpG, 
and derives from the specific Watson~Crick 
base-pairing of cytidine with guanine. The 
D- or L-handedness of the ribose sugar in 
2-MelmpG governs the conformation of the 
bound monomer around the glycosidic 
bond and the orientation of the sugar- 
phosphate unit relative to the poly(Cp) 
template. These factors favour the 
incorporation of D-2-MelmpG at the 2'(3’) 
terminus of a growing oligomer, 
propagating: antiparallel to the poly(Cp) 
template. They cannot, however, prevent 
the misincorporation of L-2-MeImpG under 
the impetus of specific cytidine~guanine | 
base-pairing and, once in place, the | 
L-guanosine residue limits the further | 
addition of either enantiomeric monomer. 

Some 25 years ago, it was found that the 
base-catalysed polymerization of the 
N-carboxyanhydrides of the L-a-amino 
acids is inhibited by the corresponding 
derivative of the p-enantiomer*?. Under 
comparable conditions, the rate of poly- 











merization of ‘either the Li or the D- 
- monomer is 17 times faster than that of the 
DL-racemic mixture and 5 times more 
polymerization is attained?. The propa- 
gation rate of aL-polypeptide in the a-helix 
conformation, with a L-monomer supply, 
is similarly reduced by the addition of the 
D-monomer and the extension of the helical 
secondary structure is no longer regular’. 

The prebiotic implications of the 
enantiomeric cross-inhibition observed in 
these early studies of peptide 
polymerization were not far-reaching 
because the polynucleotides governing 
protein manufacture in the cell were 
expected to ensure the optical purity of the 
amino acid substrates selected. By 
contrast, the'novel demonstration by Joyce 
et al. that the laboratory replication of 
polynucleotides displays a similar and 
more complex enantiomeric cross- 
inhibition bears more fundamentally on the 
origin of biomolecular handedness, and 
perhaps has implications even for the 
mineral realm‘. Joyce etal. conclude that, 
if the origin of living systems was founded 
z üpon the replication of polynucleotides, 
there must already have been either 
mechanisms designed to minimize the 
effects of enantiomeric cross-inhibition, or 
localized prebiotic fractionation and segre- 
gation processes for the enantiomers of 
racemic biomolecules. 

An example of homochiral polymer 
formation that is not sensitive to enantio- 
meric cross-inhibition is the spontaneous 
-optical resolution of a racemic mixture by 
crystallization. Optically-pure single 
crystals. of L-glutamic acid grow from 
séeded solutions of the racemate just as 
well as from solutions of the -enantiomer. 
Most of the 20 common a-amino acids 
making up the proteins in cells can be spon- 
taneously resolved into optically-pure 
single crystals by the crystallization of a 
racemic solution, either of the amino acid 
itself, or of a simple derivative, such as a 
salt), 

Recently, a remarkable enantioselection 
and segregation of the D- and L-isomers of 
a-amino acids. by occlusion into growing 
crystals of the a-polymorph of glycine was 
discovered®. It can be explained as follows. 
Acrystal of the a-form of glycine possesses 
an inversion centre of symmetry and is 
itself not handed. The inversion centre 
relates two opposite faces of the plate-like 
crystal, one, the (010) face, occluding only 
the D-isomer of a chiral a-amino acid, and 
the other, the (010) face, taking up solely 
the L-enantiomer. The low density of the 
glycine crystal (1.16 g cm) allows some of 
the crystal plates to float on the surface of 
the mother liquor, leaving only one of the 
two selector-faces exposed to the aqueous 
feedstock of glycine and racemic a-amino 
acid. During subsequent. growth, the 
- floating crystaltakes up, along with further 
_ glycine molecules, only one of the two 
_ optical isomers of the chiral amino acid, 
T leaving an excess of the enantiomer in 














If the chiral amino acid is hydrophobic, 
the excess of the enantiomer remaining in 
solution determines which of the two 
selector-faces of a small floating glycine 
crystal is orientated towards the aqueous 
side of the air—water interface for further 
growth. An excess of the D-isomer in 
solution ensures the orientation that 
requires the occlusion of the L-enantiomer 
from the mother liquor by the floating 
crystal, thus enhancing the enantiomeric 
excess of the D-isomer in the aqueous 
phase. A D/L composition of leucine as 
near equality as 12/10 with a 50-fold larger 
amount of glycine, in water, gives an 
assembly of completely orientated floating 
glycine crystals which progressively take up 
the L-isomer and amplify the initially- 
minor enantiomeric excess of D-leucine®. 

What remains to be explained is how the 
initial enantiomeric excess came into being. 





An ainplification process of | a quite 
different order is required to produce the 
starting point of an ~ 10 per cent enanti 
meric excess from the excess abundance of 
the L-enantiomer in a racemic mixture of. 
an a-amino acid or a polypeptide in the 
a-helix or B -sheet conformation at the lev 
of 10° molecules per mole predicted natu 
ally to occur on the basis of the. parit 
violating electroweak interaction’. 
1, Joyce, G.F. et al, Nature 310, 602 (1984). 
2. Idelson, M. & Blout, E.R. J. Am, chem. Soc, 80, 2387 (1958); 
3, Lundberg, R.D. & Doty, P, J. Am. chem. Sac, 79, 396) 
(1957). 
4. Cairns-Smith, A.G. in Genetic Takeover and the Minera 
Origins of Life (Cambridge University Press, 1982), 3 
3. Jacques, J., Collet, A. & Wilen, S.H. in Enantiomers, 
Racemates and Resolutions, 223 (Wiley-Interscience, Ne 
York, 1981). : 
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Photosynthesis 


Control of protein turnover by © 
photosynthetic electron transport 


Jrom John Bennett 


For the past ten years much of the interest 
in protein synthesis of plant-cell 
chloroplasts has centred round the identity 
and turnover of a 32,000-molecular weight 
polypeptide component of the photo- 
synthetic membranes (thylakoids). The in- 
triguing feature of this protein is that while 
it is probably the most rapidly synthesized 
protein of mature chloroplasts? , its steady- 
state level is very low, presumably as a 
result of equally rapid breakdown. An im- 
portant clue to its identity came from the 
discovery that it is specifically labelled 
when thylakoids are incubated with a 
radioactive azido analogue of the herbicide 
atrazine’. One of several herbicides known 
to inhibit electron transport between 
photosystem II and the plastoquinone 
pool, atrazine acts by displacing from the 
photosystem Il complex the secondary 
electron acceptor, a plastoquinone named 
Qs 3, The 32,000-molecular weight protein 
is * therefore regarded as plastoquinone- 
binding protein and has been named Q,- 
binding protein. But why should it be sib- 
ject to such rapid turnover? This question 
has now been examined by two groups, 
both of whom suggest that turnover is the 
result of damage inflicted on Q,-protein by 
its participation in photosynthetic electron 
transport*}, 

Mattoo ef al.* have investigated the 
kinetics of Q, -protein turnover in the small 
aquatic plant Spirodela oligorrhiza. Each 
plant consists of a few small leaves (fronds) 
and tiny roots. On transfer from light to 
dark, green fronds remain green for mon- 
ths but newly developing fronds emerge 
essentially devoid of chlorophyll and with 
few thylakoids. Upon exposure to light and 
after a lag period of 20-24 h, the white 





fronds begin rapidly to turn green 
reaching the normal light-grown conditio! 
within 2-3 days. Mattoo et al.. show tha’ 
neither green fronds nor white fronds syn 
thesize the Q, -protein at a significant rat 
in darkness. On transfer to light, however 
green fronds synthesize the protein within | 
h whereas white fronds require 48-72 h o! 
illumination before they synthesize the Q; 
protein. Mattoo et al. conclude ‘tha 
massive synthesis of the protein require 
both light and the physical presence:o 
thylakoids on which the 33,500-molecula 
weight precursor of the Q, -protein are syn 
thesized and into which the matur 
32,000-molecular weight protein: is in 
serted. Furthermore, the rate of synthesi 
increases with increasing light intensity, < 
response which Mattoo etal. attribute to. 
requirement for ATP generated by photo 
phosphorylation. 
Breakdown of the Q,-protein is. also 
dependent on light intensity, being ver 
slow in darkness but rapid at 6,000 lux (ful 
sunlight is about 100,000 lux). Q,-protein 
synthesized at 3,000 lux is degraded coms: 
pletely within 5 h at 6,000 lux. Breakdown: 
of the protein is not inhibited by inhibitors 
of photophosphorylation but it is abolish 
ed by atrazine and by another herbicide 
diuron,which binds to much the same site: 
on thylakoids as does atrazine and also in-- 
hibits electron transport. Electron. 
transport is therefore more effective than. 
ATP in inducing Q,-protein breakdown . 
and Mattoo et al. postulate that the Q,- 
protein becomes prone to degradation by: a 
membrane-bound protease as a conse- 
quence of its role in photosynthetic élec- 
tron transport. They note that in isolated 
thylakoids the protein undergoes a light- 
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eptibility to added trypsin. "They donot 
pecify how damage is incurred but assume 
t atrazine and diuron prevent that 
mage by inhibiting electron transport. 

“Kyle ‘et af.5, on the other hand, make a 
specific proposal concerning the connec- 

ion between electron transport and break- 
down of Q,-protein. Working with the 
green alga Chlamydomonas reinhardii, 
they demonstrate a correlation between 
photoinhibition of photosystem II activity 

d the rate of turnover of Q,-protein. 

hen leaves or chloroplasts of higher 
plants are exposed to supraoptimal light in- 
tensities, their photosynthetic activity 
decreases®. This phenomenon is referred to 
as photoinhibition and is associated with 
damage to photosystem Il. Kyle et al. in- 

luce a version of photoinhibition in C. 

inhardii by exposing cells to a light inten- 
Sity ten times higher than that encountered 
during growth. The primary site of photo- 
inhibition is at the reducing side of photo- 
system II (between photosystem II and 
plastoquinone) and the degree of photoin- 
hibition is correlated witha loss of binding 
sites for '“C-atrazine, suggesting that mole- 
cules of Q.-protein have become non- 
functional. Since this form of photoinhibi- 
tion is exacerbated by conditions which 
promote reduction of the plastoquinone 
(PQ) pool (high light intensities and block- 
ing of PQH, oxidation), Kyle et al. suggest 
that a high PQH,/PQ ratio increases the 
likelihood that the Q, site will be occupied 
by the quinone anion Q,?-. Should Q,7i in- 
teract with O, generated by photosystem 
H, highly reactive oxygen radicals would be 
produced and would selectively damage 
Q,-protein by reacting with specific amino 
acid side chains. Thus, Kyle ef al. regard 
the breakdown of Q,,-protein as part of the 
process whereby damaged protein is 
removed from thylakoids; conversely, the 
continued synthesis and insertion of Q,- 
protein is essential to the process of repair. 
Ironically, herbicides such as atrazine and 
diuron reduce. the light-induced damage 
partly by slowing the rate of plastoquinone 
reduction and partly by occupying the Qg 
binding site and preventing the binding 
of Q,*. 

Further studies on this system will clearly 
be of importance for understanding how 
plants tolerate high light intensities. Of 
particular interest i the possibility that the 
synthesis of new Q,-protein molecules is 

ymehow Beh i by the removal of 
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Astronomy — 


IRAS circulars 14 and 15 


Circular 14 contains 24 [RAS sources in a southern field between right ascension (RA) IOand 14h 
and between declination (Dec)-40 and -20 deg. All sources shown here are associated with galaxies 
on the ESO/SRC skyplates; all have larger infrared than visual luminosities. Selection by T. de Jong, 
University of Amsterdam. 

Circular. 15 contains a selection of infrared bright northern galaxies with radial velocities larger 
than 1,000 km s`! ; they are therefore sufficiently far away that the point source extraction algorithm 
will estimate the integrated fluxes correctly. 

The source name consists of four parts: the letters IRAS to indicate the origin; RA in hours and 
minutes, seconds omitted; Dec in decimal degrees, multiplied by 10 and then truncated (i.e. 32 deg 
42.3 min— +327); an appendix starting with ‘P’ and followed by the number of the circular, this 
appendix stresses that the data are preliminary. Position is given at equinox, 1950.0. Measurements 
for circular 14 were made between epochs 1983.1 and 1983.9. am, arc min. 





Source RS Dec Flux densities (Janskys) 

IRAS h min 5 deg am 12 pm 25 pm 604m 100m 
1021-284P14 10 21 57 ~2% 28.5 <0.2 1.0 5.4 7A 
1027—395P14 10 27 20 ~39 35.1 <0.4 0.4 4.1 8.1 
1108—282P14 11 08 22 —28 13.7 <0.3 0.6 3.7 5.1 
1116~-397P14 1] 16 36 ~39 43.9 <0.2 <0.3 2.5 5.5 
1135—325Pt4 11/35 40 32 35.1 <0),2 0.3 3.6 6.4 
1140—273P14 t/ 40 50 ~27 19.3 <02 <0,3 3.0 6.0 
1146—330P14 7 46 24 —33 04.0 <0.2 <Q.2 lE 2.5 
1150--388P14 t1 50 40 ~38 $1.2 0.6 2.4 39.0 55.0 
1203-322P14 12 03 09 ~32 16.2 <0.2 <0.2 3.2 79 
1204-3 16P14 12 04 17 —~31 40.3 0.3 0.8 8.1 15.0 
1206-364P 14 12 06 24 ~36 25,5 <03 <0.5 3.1 6.2 
1217-356P14 12 17 21 ~35 41,1 <03 <03 2.5 $.2 
1227-398P14 12 27 00 —39 50.8 <0.2 <0.2 34 3.4 
1228-—260P14 12 28 39 —26 00.7 <0,2 0.9 47 8.3 
1242-201P14 12 42 12 ~20 09.0 <0.2 <0.4 3.1 7.4 
1250—2711 P14 12 50 29 —27 11.5 <03 0.7 5.5 9.0 
1255~-294P14 12 55 02 —29 29.8 <0.4 1.0 7.0 10.2 
1300-236P14 13 00 il ~23 39.2 <0.4 0.9 15.8 20.0 
1304-335P14 13 04 22 ~33 359 <03 0.6 53 9.2 
1318 -345P14 13 I8 OS —34 34.6 <0.2 0.4 3.0 5.2 
1318—-314P14 13 18 07 ~—31 28.7 <0.2 <0.2 L7 3.7 
1319—394P14 13 19 45 —39 28.4 <0.2 0.5 2.9 3.5 
1328-324P14 13 28 35 ~32 29.2 <0.2 <03 1.8 3.6 
1345~299P14 13 45 29 —29 57.0 <Q,2 <0.3 2.5 3.6 
0007 +286P15 00 07 19 +25 38.8 0.5 1.2 10.2 19.6 
0610+783PI5 06 10 40 +78 22.5 6.5 18.5 171 260 
07054+188P15 07 05 25 +18 51.6 0.6 2.2 22 40 
0710+858P15 07 10 16 +85 50,9 0.6 1.2 12.9 36 
0733+353P15 07 33 40 +35 21.2 0.5 1.0 97 16.5 
0835+259P15 08 35 25 +25 55.8 <0.3 1.9 28 35 
0842 +742P15 08 42 33 +74 16.9 0.8 2.5 18.2 33 
0910+403P15 09 10 54 +40 19.2 0.6 1.6 9.7 16.5 
0914+422P15 09 14 10 +42 12.5 0.8 3.3 26 35 
0939+320P15 09 39 55 +32 04.6 0.7 14 13.3 29 
0951 +018P15 09 51 06 +01 48.9 0.5 Ll 10.7 2 
0958 +559P15 09 58 35 +55 55,3 1.4 2.2 49 110 
1012+736P15 10 12 39 +73 39.0 0.6 0.7 74 34 
10134+213P15 10 13 48 +21 22.4 0.6 LI 10.3 22 
1020 +201P15 10 20 47 +20 07.1 0.7 L9 8.9 21 
1035+537P15 10 35 40 +53 45.9 1.4 5.0 38 52 
1049 +232P15 10 49 53 +23 12.0 0.7 1.4 13.0 25 
1100+282P15 11 00 27 +28 14.5 1.1 4.0 21 4i 
1120+168P15 Hi 20 17 +16 51.8 0.6 0.9 8.4 24 
1124+571 P15 11 24 43 +57 09.1 LI 1.6 15.8 37 
1146+-489P15 11 46 01 +48 59.3 0.9 1.2 14.9 43 
1211+548P15 12 11 42 +54 48.1 1.0 47 27 32 
1308+373P15 13 08 37 +37 19.5 0.8 1.2 21 73 
13304+630P15 13 30 27 +63 01.3 0.3 1.0 79 17.5 
1359+595P15 13 59 09 +59 34.2 0.6 L8 11.7 25 
1430+581P15 14 30 38 +58 08.3 0.7 0.9 9.2 32 
1534+167P15 15 34 14 +16 46.2 0.7 0.9 9.6 27 
1809+149P15 18 09 35 +14 58.0 1.0 1.8 16.3 35 
1821+745P15 18 21 13 +74 32.2 0.8 LI 11.4 39 
2026+255P15 20 26 27 +25° 33.9 0.6 Ll 12.5 21 
2300+086P15 23 00 45 +08 36.3 1.4 5.8 30 44 
2302+120P15 23 02 26 #12 03.1 0.8 3.5 13.5 31 
23.12+042P15 23 12 H +04 15.6 0.9 17 21 50 





2317+169P15 23 17 60 +16 571 0.6 Li 10.1 24 











Developmental biology of a neural cell 
adhesion molecule 


Urs Rutishauser 
Department of Developmental Genetics and Anatomy, Case Western Reserve University, School of Medicine, Cleveland, Ohio 44106, USA: 





A membrane glycoprotein isolated from embryonic brain has been shown to be a ligand in the formatio 
of cell-cell bonds. The molecule, called neural cell adhesion molecule (N-CAM ), participates in seve 
aspects of neural development, including the formation of plexiform layers, neurite fasciculation a 
nerve—muscle interactions. Experiments in vivo indicate that N-CAM-mediated adhesion is essent 


to the orderly assembly of the visual system. 





DEVELOPMENT of a nervous system is one of the most complex 
examples of morphogenesis in that it involves both the formation 
of intricate tissue structures and their precise interconnection. 
Of the many cellular events that contribute to this process, 
cell-cell recognition has received particular attention because 
of its potential for establishing specific patterns and interactions. 
From the experimental point of view, the major problem has 
been to devise an approach that will reveal not only the 
molecular basis of this recognition but also the mechanisms by 
which it contributes to tissue formation. 

This review describes a membrane glycoprotein that is directly 
involved in adhesion between cells that express this molecule. 
Because it was first isolated from retina and brain, the name 
neural cell adhesion molecule or N-CAM has been adopted!”. 
However, as described below, the molecule is also expressed by 
some non-neural cells. Detailed reviews on the structure and 
properties of N-CAM have been published recently": the pres- 
ent description.is intended to provide only a brief account of 
the isolation and biochemical studies of the molecule, and 
focuses primarily on the significance of N-CAM-mediated cell 
adhesion in the development of the nervous system. 

In 1939, Holtfreter reported that mixtures of cells from differ- 
ent embryonic tissues would separate and develop structures 
characteristic of the parent tissues. He concluded that this in 
vivo morphogenesis required self organization of cells according 
to specific cell-surface affinities’. Several attempts were made 
to define the nature of the interactions involved in this 
phenomenon®*, but only when short-term quantitative assays 
were developed'”"" did it become feasible to test directly for 
‘recognition’ substances. 

‘The strategy used to isolate and study N-CAM is based on a 
variety of immunochemical techniques (Fig. 1). The antibody- 
neutralization assay used to detect N-CAM” was first applied 
to slime mould adhesion”, and has been used with considerable 
success in several other studies'*'*. Such assays can in principle 
be used to investigate any phenomenon that is inhibitable by 
an antibody. They are particularly effective when used to obtain 
a small amount of antigen for production of monoclonal anti- 
bodies, which in turn are used to affinity-purify larger quantities 
of antigen'®. 


Biochemistry of N-CAM 


Figure 2a gives a tentative structure’? for N-CAM. The model 
represents conclusions that N-CAM.is an integral membrane 
glycoprotein with a single polypeptide chain, and that the 
molecule is divided into three domains, an amino-terminal 
region that forms a binding site (as defined below), a central 
‘region that contains the bulk of the carbohydrate, and a car- 
boxyl-terminal region associated with the cell membrane. Two 
of the most striking chemical properties of N-CAM are the high 
and variable sialic acid. content of its carbohydrate moiety'* 
e 2b) and its specific affinity for cell surfaces”? ( Fig. 2e). 





The carbohydrate heterogeneity includes not only variati 
among molecules from the same tissue, but also betw 
N-CAMs from different regions of the nervous system. or fr 
embryonic and adult animals?’. 
Several observations suggest that N-CAM can serve asa liga 
inthe formation of cell-cell bonds””””. The initial evidence 
that specific antibodies against N-CAM are potent inhibitors 
both N-CAM-cell binding and neural cell-cell adhesion (Fi 
2¢, bottom). Subsequently, it was shown that artificial membra 
vesicles containing only lipids and N-CAM can bind tot 
surface of neural cells (Fig. 2c, top) and that intact retinal cell: 


two cells, both of which have N-CAM on their surface, and 
coating of only one of these cells with the Fab is sufficient to 
block its binding to the other cell. Furthermore, N-CAM vesicles 
themselves aggregate, suggesting that the purified molecule has 
homophilic binding properties. ; 
What is the relationship of the work reviewed here to oth 
cell-cell adhesion systems that have been described? Althou; 
most adhesion-associated molecules have not been as we 
characterized in terms of binding activity or in vivo functio 
some general statements can be made. First, it is now we 
established that the cell-surface antigens D2 (ref. 23), BSP. 
(ref. 24) and 2241A6 (ref. 25), and the unique sialic aci 
containing moiety identified by Finne” are closely related to or 
derived from N-CAM. On the other hand, N-CAM mediates 
calcium-independent adhesion that is functionally and antigen 
cally distinct from calcium-dependent cell adhesion systems?” 
and molecules including L-CAM'*'®3?\ and uvomorulin® 
Recently, two neural cell-surface molecules, Ng-CAM (nervi 
glial cell adhesion)” and the LI antigen”, have also bee 
identified as components of calcium-independent adhesion sy. 
tems. Although each represents a different gene product, 
immunological cross-reactivities have been reported which su 
gest that they share at least one antigenic determinant wit 
N-CAM**”*. It is possible, therefore, that the calcium-indepen- 
dent systems reflect a family of molecules with a common. 
structural element”. In addition, there is evidence that N-CAM 
and LI co-exist on the same cell and could act in combination: 
to augment the specificity of neural cell-cell adhesion. 





Role of N-CAM in neural development 


At first glance N-CAM would seem to be an unattractive basis. 
for a cell recognition system in that it is expressed on a wide 
variety of cells and the molecule seems to have only a singh 
binding specificity. To understand N-CAM’s role in develop 
ment, it is necessary to consider morphogenetic mechanism. 








er than strict chemospecificity. These include the regulation 
f N-CAM  expression'"’, effects of the carbohydrate 
eterogeneity.on binding function’? and the biological con- 
equences of a homophilic adhesion mechanism. 
| N-CAM seems to be continuously expressed during the forma- 
on of both nerve and striated muscle tissues (Table 1), and 
as recently been identified on cultured astrocytes”. In contrast, 
any tissues that are adjacent to developing nerve and muscle 
ssues do not express the molecule, and it is notable that smooth 
uscle, which has a less intimate relationship with nerve than 
oes. striated muscle, does not produce N-CAM during its 
evelopment”. 
A striking aspect of N-CAM expression is the transient 
ppearance or disappearance of the molecule at sites associated 
jth. dynamic reorganization of tissue structure. These areas 
clude placodes, the notochord and precursors of the 
esonephric tubule. Of particular interest is the loss of N-CAM 
‘om the surface of neural crest cells that are migrating between 
e somite and neural tube and its re-expression by those cells 

en they aggregate to form a dorsal root ganglion”. 
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Fig. 1 Experimental approach used in the detection, purification 
nd characterization of a cell adhesion molecule from nerve tissue. 
The adhesiveness of cells is determined by measuring the rate of 
decrease in particle “umber which accompanies their aggregation 
during a 20-min incubation. The assay for N-CAM is based on the 
ability of this molecule to neutralize specifically the adhesion- 
blocking activity of anti-nerve cell Fab. N-CAM is an abundant 
éell-surface molecule (~1% of the total cell-surface protein) and 
mmunoaffinity chromotography procedures have allowed prepar- 
“ation of sufficient quantities of purified material for extensive 
biochemical studies. 





Table 1 Expression of N-CAM during development?” 





Continuous 
Primitive neuroepithelium (neural plate, neural tube, brain rudiment) 
Differentiated central and peripheral nerve cells 
Developing skeletal muscle (somites, dermomyotome, myoblasts, 
myotubes) 
Developing cardiac muscle (myocardium) 


Transient 
Neural crest (not expressed during migration) 
Notochord 
Placodes (lens, otic, pharyngeal) 
Mesonephric primordium 





The heterogeneity in N-CAM’s sialic acid content influences 
its binding properties, as removal of this negatively charged 
sugar increases the rate of binding of N-CAM to cells by almost 
an order of magnitude’, Although the mechanism of this effect 
(for example, charge repulsion between two N-CAMs, alter- 
ations in conformation) is unknown, it seems to reflect a change 
in the affinity constant”. Therefore, the potential exists that 
differences in both the amount?’ and carbohydrate 
heterogeneity of N-CAM can produce a hierarchy of binding 
affinities which reflects both tissue origin and temporal regula- 
tion. As proposed originally by Steinberg’, such a differential 
affinity among cells can have a powerful influence on mor- 
phogenesis. 

A homophilic binding mechanism could by itself produce 
specific patterns of cell association during development, for 
example in the release and subsequent reassociation of neural 
crest cells that migrate to form a spinal ganglion, through 
preservation of spatial relationships among neurites in a nerve 
bundle and by signalling to motoneurone axons that they have 
arrived at their target tissue. In vitro evidence for such nerve- 
nerve and nerve—muscle interactions is presented below. 


Biology of N-CAM-mediated adhesion 


The investigation. of the biological function of N-CAM began 
with a series of in vitro experiments whose relative simplicity 
has allowed the identification of particular morphogenetic 
events that are influenced by this molecule (Fig. 3). 
Formation of discrete cell and neurite layers. Culture of retinal 
cell aggregates produces patterns which resemble the differenti- 
ated tissue, in particular the concentration of neurites into 
regions free of cell somata””. If the cultures contain anti-N-CAM 
Fab, this separation fails to occur, although the growth of 
neurites and other aspects of cell differentiation are not detect- 
ably altered”. Similarly, in vitro development of retinal tissue 
in the presence of the antibody*’ does not produce plexiform 
layers free of cell bodies (Fig. 3a). Regional differences in the 
amount or form of retinal N-CAM might explain this sorting-out 
phenomenon, but have not as yet been detected. On the other 
hand, considering the physical differences between cell somata 
and their processes, a plausible explanation for the separation 
of cell bodies and neurites might be simply that membrane- 
membrane contact is maximized when the neurites are packed 
together in tight bundles. 
Neurite fasciculation and branching. Other than plexiform 
layers, the most conspicuous associations among nerve processes 
are the fasciculated nerve tracts that connect different parts of 
the nervous system. The role of N-CAM in nerve fasciculation 
was examined in vitro using dorsal root ganglion explants (Fig. 
3b)**. The outgrowth of neurites from these ganglia usually does 
not consist of separate fibres, but rather of thick bundles contain- 
ing up to several hundred neurites. In the presence of anti-N- 
CAM Fab, the density and rate of neurite outgrowth are not 
obviously changed, but the diameter of the fascicles is markedly 
reduced. Bundles. can still form, but rapidly split apart and 
exchange fibres with other fascicles. 

The size and stability of fascicles also depend on the adhesive- 
ness of the substrate to which the growth cones are attached. 
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Fig. 2 Biochemical properties of N-CAM. a, Schematic repre- 
sentation of the N-CAM glycopeptide, showing a linear arrange- 
ment of an amino-terminal binding site, a central region with sialic 
acid-containing carbohydrate moieties ( stippled areas) and a 
carboxyl-terminal domain which is associated with the cell mem- 
brane’. Although the carbohydrate is not located in the amino- 
“terminal portion of the polypeptide, its sialic acid content has an 
important: influence on the overall binding properties of the 
molecule (see text). Along with the size and properties of the intact 
molecule'® the key elements of this analysis are a 65,000-molecular 
weight (M,, 65 K) fragment containing a binding site and little or 
no carbohydrate, a 108 K fragment released from cells by proteoly- 
sis which has both binding activity and a high carbohydrate content, 
and the demonstration that N-CAM and both fragments have the 
same amino-terminal amino acid sequence. A variety of evidence” 
suggests that cell~cell adhesion mediated by. N-CAM involves 
homophilic binding between two N-CAM molecules, as depicted 
here in its most simplified form. b, Electrophoretic patterns reflect- 
ing heterogeneity in the sialic acid content of the molecule isolated 
from chick embryo retina or breast muscle (lane 1), and from 
embryonic brain or spinal cord (lane 2). Treatment of these N- 
CAMs with neuraminidase produces the same sharp band (lane 
3), which has an apparent M, in SDS of 140 K (as shown) and/or 
170 K (refs 18, 19). The 140 K and 170 K polypeptides have many 
structural similarities‘? and are probably derived from the same 
"gene. e, Inhibition of retinal cell aggregation (top left compared 
“with bottom) by anti-N-CAM Fab? and binding of fluorescent 
artificial vesicles containing N-CAM to these cells” (top right). 
<The vesicle-cell binding is also blocked by anti-N-CAM Fab 
: (bottom right). 


» 





Fig.3 In vitro studies of N-CAM function in neural development. 
a, Effect of anti-N-CAM Fab (denoted aCAM on the figure) on 
differentiation of cultured retinal cell tissue". Note that the forma- 
tion of discrete cell-and neurite layers (left) is prevented by th 
antibody (right). b, Requirement for N-CAM-mediated binding in 
the formation of stable neurite fascicles. The presence of anti-N 
CAM Fab causes nerve bundles to split apart and to exchang 
neurites with other fascicles”*, ¢ Alteration of fascicle branching 
patterns by anti-N-CAM Fab. Branching reflects a competition 
between adhesion among neurite shafts and the pulling force 
exerted by growth cones as they migrate along the substraté*. 
When Fab is added, the growth cones dominate and the fascicles 
are completely dispersed. d, Growth of dorsal root ganglion 
neurites towards a capillary source of NGF®. Only the initial 
neurite outgrowth is actively attracted to the capillary (see text), 
and the marked asymmetry shown on the left requires growth of 
subsequent neurites along their predecessors. In the presence of 
anti-N-CAM Fab, -this ‘tracking’ mechanism is inhibited and a ` 
more symmetrical pattern. of outgrowth is obtained (right). e, 
N-CAM-mediated adhesion in initial interactions between spinal 
cord neurones and myotubes (M) in culture”. Left: control culture 
with neurite outgrowth extending to, traversing and interconnect- 
ing the myotubes. Right: culture with anti-N-CAM Fab in which” 
nervée~muscle interactions are too unstable to support extensive 
neurite outgrowth from the spinal cord explant (SC). 














ig. 4 Effect of intraocular injection of anti-N-CAM Fab on development 
‘ofthe chick retinotectal projection”, a, Diagram of experiment using Fab 
injection on embryonic day 4.to perturb adhesion, and localized uptake of 
hodamine isothiocyanate (RITC). on day 9 to label ganglion cell axons 
riginating from a distinct region of the retina. The antibody remains within 
he eye and persists for at least 2. days. b, Intra-retinal routes of RITC-labelled 
bres. In normal development (left), the labelled fibres remain together and 
‘occupy a distinct regionin the optic fissure (OF). With the Fab injection 
(right), the. initial path of the axons is normal, but many fibres become 
misrouted.at the fissure and leave the eye at ectopic positions. Some fibres 
ven fail to exit at-the fissure. c, Cross-sections through the optic nerve of 
‘a control embryo (left) in’ which the RITC-labelled fibres remain localized 
‘in the appropriate part of the bundle, and of an Fab-injected embryo (right) 
yhere, in the absence of antibody, the misrouted fibres from the fissure 
“remain in dispersed, ectopic positions. d, Routes of RITC-labelled fibres on 
‘the tectum in a control (left) and Fab-treated (right) embryo. Without 
antibody perturbation, fibres originating from dorsal retina grow parallel to 
` gach other and. terminate in the appropriate site on ventral tectum. The 
» ectopic fibres of Fab-injected embryos either make right-angle corrections in 
their dorsal-ventral position or grow in straight paths. As shown diagramati- 
‘cally in ethe RITC-labelled fibres capable of correcting their position grow 
“hin closer contact with the intermediate zone of the tectum (hatched area), 
“whereas the non-correcting population represents fibres which grow on top 
© ‘of other, unlabelled fibres, and are therefore. less intimately associated with 
i cell bodies of the intermediate zone. 








“With ‘stronger growth cone-substrate interaction, the nerve 











bundles tend to be pulled apart at their ends and in the presence 
of anti-N-CAM Fab the pattern of outgrowth is dominated by 
the dispersed distribution of the neurite tips (Fig. 3c). These 
observations suggest that the branching pattern of a nerve bundle 
reflects a competition between N-CAM-mediated adhesion 
among neurite shafts and the defasciculation caused by the pull 
of growth cones as they migrate along the substrate”. 
Tracking of growth cones along nerves. Fascicles can be produced 
either by side-to-side adhesion among neurite shafts or by growth 
of one fibre along another. The second mechanism is common 
in vivo and can be a dominant factor in the formation of major 
nerve pathways. A model for nerve ‘tracking’ has been studied? 
in which a capillary tube filled with nerve growth factor (NGF) 
is used to produce a transient gradient for attraction of neurites 
(Fig. 3d). The NGF gradient disappears before most of the 
neurite outgrowth occurs, so that the observed asymmetry 
primarily results from growth of the later fibres along the path- 
ways taken by the earlier fibres, Inhibition of adhesion by 
anti-N-CAM Fab prevents this tracking, so that most of the 
neurite outgrowth distributes uniformly around the ganglion. 
Nerve-muscle interaction. Muscle cells express N-CAM on their 
surface, and nerve membranes can adhere to them via this 
molecule**. In cultures of spinal cord explants with skeletal 
myotubes, nerve fibres slowly migrate on the substrate until they 
make contact with a muscle cell. Once such a bridge is estab- 
lished, it serves as a track for rapid growth of many nerves to 
the myotube**. The growth cones then migrate along the 
myotube, causing the nerve bundle to split apart (Fig. 3e). When 
anti-N-CAM is present, the nerve fibres are unable to use the 
muscle cells as a substrate and fail tọ produce fascicles of 
substantial length. When a more adhesive tissue culture dish is 
used, the neurites continue to elongate, but pass the myotubes 
without changing direction. It is unlikely that synapses can form 
in such conditions, and together, these observations suggest that 
N-CAM-mediated adhesion is an obligatory early step in nerve— 
skeletal muscle recognition". 


Effect on visual system development 


The remainder of this review will focus on one aspect of neural 
development in order to integrate much of what is known about 
N-CAM, and because the visual system has provided the most 
extensive studies in vivo. The two key experiments in this analysis 
have been the characterization of N-CAM carbohydrate in 
different parts of the visual system“ and the injection of Fab 
into the eye-cup of a 4-day chick embryo followed by tracing 
of retinal ganglion cell axon pathways (Fig. 4a)”. 

At embryonic day 10, the N-CAM isolated from chick neural 
retina has less sialic acid than has N-CAM from the rest of the 
central nervous system'*. Because of the potential influence of 
such differences on cell-cell interaction, the forms of N-CAM 
in the visual system were analysed in greater anatomical detail*. 
These studies indicated that N-CAM from both neurite and 
nuclear layers of the neural retina of 5-10-day old embryos 
exists in a similar, relatively sialic acid-poor form. In contrast, 
the optic nerve beyond the eye, as well as the optic tract and 
tectum, each contain sialic acid-rich N-CAM. Retinal ganglion 
cells are particularly interesting in that their perikarya and 
intraocular neurite shafts apparently have N-CAM of a lower 
sialic acid content than the portion of their axons that extends 
beyond the fissure to the tectum. The possible effects of this 
regional difference are discussed below in the context of the 
Fab-injection experiment and development of the retinotectal 
projection. 

Retinal ganglion cells. begin to send their axons to the tectum 
during the third day of chick embryogenesis. The first step in 
formation of the optic nerve is the growth of axons in straight 
radial paths along the inside of the retina. In this region of the 
eye, intraocular injection of anti-N-CAM Fab did not seem to 
disrupt fibre order or direction (Fig. 4b), possibly because the 
fascicles are guided and supported by channels constructed from 


the endfeet of glial cells*’..In the chick, this channel system 
















_ends abruptly at the fissure, where all fibres must coalesce in 
“an orderly manner to form the optic nerve’®. The fissure is 
exactly the site at which the antibody causes major deviations 
in the routes taken by ganglion cell axons (Fig. 4b), resulting 
in the formation of an optic nerve in which local retinotopic 
order has not been maintained (Fig. 4c). 

This effect of the Fab suggests that the initial orderly assembly 
of an optic nerve requires particularly stable fasciculation. The 
lower sialic acid content of intra-retinal N-CAM may well reflect 
this requirement, in that it would provide greater adhesivity 
among retinal ganglion cell axons. Beyond the eye, the configur- 
ation of fibres within the optic nerve undergoes a variety of 
alterations including inversion, interdigitation with the contra- 
lateral nerve at the chiasm and a progressive spreading as the 
nerve approaches the tectum and the axons splay out over the 
tectum to synapse with appropriate targets. While the 
preservation. of local fibre order throughout the pathway®**” 
Suggests that.a sufficient adhesion occurs among the axons to 
maintain fascicle stability, there must also be sufficient plasticity 
to allow these alterations in the overall structure of the optic 
nerve. In this respect, it is striking that the N-CAM isolated 
from the optic nerve and tectal membranes has a high sialic 
acid content, which could provide the less avid adhesion 
required for these events. Once the projection has been estab- 
lished, such plasticity would presumably no longer be required. 
It can be argued, therefore, that the gradual loss of sialic acid 
from optic nerve and brain N-CAM during the final stages of 
maturation’'“*** might in part serve to fix the retinotectal path- 
‘ways established during embryogenesis***. 

Retinal ganglion cell axons grow out of the’chick eye over a 
period of 2-3 weeks, arising first from cells in the central—dorsal 
region of the retina and then from an expanding ring of cells 
surrounding this site”. During this time the optic nerve gradually 
enlarges by growth of new axons between an outer layer of 
neuroepithelial cell endfeet and the axons of their pre- 
decessors™*. This process continues throughout the pathway, so 

sthat-at the tectum the later-arriving axons are separated from 
the intermediate zone of the tectum by an increasing fibre 
layer"”**, In the Fab-injection experiment, retinal ganglion cell 
axons are no longer exposed to the antibody after leaving the 
‘eye, and the fate of the misrouted fibres during optic nerve 
development could be examined in otherwise normal develop- 
mental conditions. These experiments have led to three observa- 
tions: (1) disorder produced in the fissure persists throughout 
the optic pathway to the tectum (Fig. 4c, d), (2) many of the 
misrouted fibres which are closer to the intermediate zone of 
the tectum make dramatic corrections in their position (Fig. 
4d, e} and (3) ectopic axons which are growing on top of the 
fibre layer grow in straight tracks on the tectum and therefore 
do not correct their position (Fig. 4e). These observations sug- 
gest that early-arriving fibres at the tectum can read some type 
of positional marker“ along the dorsal—ventral axis. However, 
as development proceeds, these markers. become obscured by 
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late-arriving axons to. use a different type of guidance. This 
seems to be a tracking mechanism, analogous to that observed 
in the NGF capillary experiment described above, which i 
effect preserves the tectal guidance cues and would also help to 
maintain local order among the axons. Thus, the role of N-CA 
adhesion in development of the retinotectal projection seem 
rather than selective cell-cell recognition, to be more a suppo 
tive function whose regulation allows the expression or mainten- 
ance of other sources of specificity. 


Concluding remarks 


There is now. sufficient information about the chemistry an 
biology of N-CAM-mediated adhesion to begin to interpret i 
role in the development of intact embryos, especially the nerv 
system. However, many assumptions are still included in t 
analyses, and it will be particularly important to obtain a mor 
complete account of N-CAM structure as it relates to the forma 
tion of cell-cell bonds. With respect to embryogenesis, man 
intriguing questions remain. Is the function of N-CAM.adhesio: 
similar at all stages of development? Perhaps the early embry. 
uses it simply to produce multicellular assemblies whereas late 
roles include the final structuring of differentiated tissue. At tl 
molecular level, is the heterogeneity in sialic acid content caus 
by factors intrinsic to the cell or does it result from modification 
imposed by the environment? Also, because N-CAM is probal 
not the only cell-adhesion ligand even in neural tissue, it wi 
be important to determine whether combinations of two. cell 
adhesion mechanisms. could®® result in cell-cell interactions: 
distinct from these produced by either alone. wean 
In summary, it might be most appropriate to consider N-CA 
as a versatile glue that serves to hold cells together during 
variety of developmental events. The molecule’s function see 
to be regulated: by spatiotemporal differences in both | 
expression and structure, which may provide for a certain degre! 
of binding specificity among cells. Recent evidence suggests, 
fact, that guidance of optic axons from the retina to the tectum 
involves adhesion of their growth cones to a preformed adhesiv. 
pathway produced by preferential. expression of N-CAM i 
endfeet of certain neuroepithelial cells. On the other hand 
many of N-CAM’s contributions to tissue formation involve th 
effects of adhesion on other developmental parameters, rather 
than a direct influence on cell or axon position according | 
surface affinities. In this case, regulation of the molecule’s func 
tion could provide for specific membrane contacts during critica 
phases of cell-cell communication, and produce permissive 
non-permissive conditions for remodelling (and possibly rege 
eration) of tissues and neuronal. connections. a 
I thank Jerry Silver, Raymond Lasek, Michael Katz: and 
Norman Robbins for many helpful comments, and Mary Ell 
Bleakley for manuscript preparation. The work represent 
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HD-18369 from the NIH. 
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faint, but extensive component of broad-line ionized gas has been discovered in the peculiar giant elliptical galaxy 
IGC5128. This component has a radically different spatial distribution from the well-studied rotating photoionized gas 
associated with the dust lane although the velocity fields of the two components are similar. The origin of the broad-line 
gas is considered and its possible relation to the active nucleus and the X-ray jet discussed. 






































THE extensive emission-line regions associated with the dust 
lane of the peculiar giant elliptical galaxy NGC5128 (Centaurus 
A) were first observed over 60 yr ago by Hubble’. This gas, 
which consists of both discrete H H regions centred on clumps 
of blue stars and a more diffuse component covering the dust 
lane, is photoionized by the radiation of the many young, hot 
stars found in the same general area**. Both the gas and the 
hot stars lie in a disk or ring structure which rotates in a more 
‘or less uniform and organized fashion”**. It is now widely 
accepted that this gas disk is the product of a recent merger” "'. 
The filaments discovered by Blanco et al constitute the second 
omponent of ionized gas in NGC5128 "7. These are roughly 
aligned between the nucleus and the outer north-east radio lobe. 
Although clumps of blue stars are found in association with the 
laments, the dominant source of excitation of this gas is prob- 
bly nonstellar'*'*. That the filaments are in some way connected 
ith the north-east radio lobe seems certain'*". 

Evidence” for yet a third distinct component (component 
I1) of ionized gas in NGC5128 has been found in the vicinity 
f the nucleus and the so-called ‘knot X’ region’ on the south- 
west edge of the dust lane. The component III gas is character- 
ized by general turbulence and relative emission-line intensities 
which, as in the north-east filaments, are inconsistent with nor- 
nal photoionization by starlight. The lack of information on 
e spatial distribution and kinematics of component III has, 
however, made it difficult to decide on its true nature. 

_ We now present interferometric observations of NGC5128 
‘designed specifically to address these questions. Our results 
“unequivocally demonstrate that the component HI gas found 
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at the nucleus and knot X is part of a much larger diffuse region 
or broad emission which is extended along an axis approxi- 
mately orthogonal to the plane of the dust lane, and which, 
therefore, may be associated with the main body of the giant 
elliptical. The observed radial velocities show a gradient similar 
to that of the well-studied rotating dust lane component 
(component I), but with considerable small-scale structure. 
We consider the origin of component IH in the light of these 
new data. 


Interferometric observations 


NGC5128 was observed for 220 min in the [O 111] à 5,007 line, 
through an interference filter 20 A-FWHM, on the night of 11 
March 1981 using the Taurus imaging Fabry-Perot system'*'* 
at the Cassegrain focus of the Anglo-Australian Telescope 
(AAT) 3.9-m telescope. The detector used was the AAT Image 
Photon Counting System (IPCS)'’, An area approximately 4.9 x 
4.9 arc min? centred roughly on the nucleus was covered with 
a pixel size corresponding to 1.85 x 1.85 arc s* on the sky. 

Low-resolution spectra show that the [O mi] A 5,007 fine is 
one of the strongest emitted by component III, whereas its 
relative intensity is quite weak in the low-ionization dust lane 
component I+. Hence [O 111].45,007 offers much better contrast 
between components I and II than Ha, the more traditional 
line used in velocity field observations. Our measurements con- 
sisted of 120 spectral increments (each 160 x 160 spatial pixels) 
covering 1,022 km s™', with a free-spectral range of 930 km s`’ 
and giving a spectral resolution of 26 kms”! FWHM. Standard 
techniques were ‘used to calibrate the data’*”° 


Results 


The fully-calibrated three-dimensional Taurus data cube was 
initially smothed by a three-dimensional gaussian having a spec- 
tral FWHM of 15kms~'.and-a spatial width of 2.3. pixels 
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Fig. 1 Sample [O 1m] 45,007 line profiles observed with Taurus 
at the positions indicated in Fig. 2. Note the wrap-around of the 
spectra due to the 930 kms”! free-spectral range. The intensity 
scale, in terms of accumulated counts, is given alongside the vertical 
bar for each profile. By comparison, the background stellar com- 
ponent gives an approximately sinusoidal 6% modulation with a 
period corresponding to this free-spectral range, and hence the 

broad line structure seen in the displayed profiles is real. 


(4.3 arc s). Inspection of these data revealed two quite separate 
components to the [O in] emission in NGC5128. The first, a 
narrow-line component with a FWHM averaging 55 km s`’ and 
a spatial structure similar to that of the Ha distribution in the 

. disk of NGCS5128 (refs 7, 8), was clearly associated with the 
[Otr] emission from the H H regions in the disk (component 
I). However, superimposed on this was a much broader 
emission-line region whose surface brightness. was, in general, 
significantly lower than of the narrow-line H 11 region gas. This 
broad component was unquestionably an emission line as the 
underlying stellar continuum only showed an ~6% modulation 
with a period corresponding to the free spectral range. Com- 
parison with the work by Mollenhoff* and Phillips? clearly 
identifies this gas as component III. 

Samples of [O 111] line profiles from the Taurus data are shown 
in Fig. 1. (Positions are indicated in Fig. 2). Profiles A and B 
are representative of the narrow and broad components, respec- 
tively. Profile C is an example of a region close to knot X where 
both narrow and broad structure is observed. Here the broad-line 
component is very strong and, although non-gaussian, has a 
FWHM of 350 km s™', whereas the narrow-line component has 
a FWHM of only 40 km s™'. 

To examine both the spatial distributions and velocity fields 
of the broad- and narrow-line regions separately, we first used 
an algorithm which obtained for each sptial pixel, an emission- 
line flux estimate for the narrow component alone. The spatial 
distribution of this narrow-line flux map is exactly that expected 
for the H 11 regions in the disk of NGC5128, as shown in Fig. 
2a, Using this narrow-line region flux map as a logical mask, 
guassians were fitted to all pixels within these regions and a 
velocity field obtained. 

In the vicinity of knot X and the nucleus of NGC5128, the 
broad-line emission has a surface brightness comparable with 
that of the narrow-line gas. However, there was clear evidence 
that this broad-line component extended well beyond the disk 

_ into the elliptical galaxy component to the north-east and south- 
west of the nucleus at a very much lower surface brightness. To 
examine the spatial structure and velocity field of this weaker 
broad-line emission, it was necessary to smooth the three- 
dimensional data by a two-dimensional spatial gaussian of 
_ FWHM of 20 pixels (37 arc s). Spectral gaussians were again 







































Fig. 2 a, Distribution of narrow (FWHM < 150 km s7') [O un] 

45,007 emission in NGCS128 superimposed on a blue-violet 

photograph. This emission is identified with the well-studied dust 

lane component I. b, Distribution of broad (FWHM 2 150 kms7') 
[O ni] A5,007 emission. 


fitted to all pixels which showed appreciable signal in the broad- 
line component. Clearly, this heavy smoothing mixed in the. 
narrow-line regions with the more diffuse broad-line gas over 
length scales of approximately 20 pixels, and thus we excluded 
all fits which gave lines whose FWHM was <150kms7', which. 
is about three times the average width of the narrow-line H It 
region gas. 

The resulting broad-line gas distribution is shown in Fig. 2b: 
Obviously, the detectability of the broad-line component is 
influenced by the strength of the narrow-line emission in the 
disk. For example, the slit spectra published by Graham? would 
indicate that the emission from the strong narrow-line gas along. 
the north-east edge of the dust lane and that which arises in the 
bordering ‘rim’ of broad-line gas associated with the elliptical 
galaxy component merge smoothly instead of there being a ga 
as suggested by Fig. 2, Furthermore, as indicated in Fig. 6.0f 
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ef. 5, some of the component III gas has a FWHM <150 kms” 
“ease in point being the exact location of the Kunkel and 
radt*' near-IR nucleus). Hence, Fig. 2b should not be taken 
ati exact representation of the distribution of component IH. 
levertheless, the broad-line gas clearly has little, if anything, 
odo with the dust lane and disk of hot stars. Instead, this gas 
eems to be associated with both the nucleus and the main 
lliptical body of the galaxy. (Note that this broad component 
observed to the north-west of the nucleus in the same locations 
ere near-IR photographs show the elliptical component shin- 
ng through the dust lane. Conversely, no trace of the broad 
emission is seen to the south-east where the dust lane is obviously 
icker.) 

Comparison of the radial velocities of the narrow rotating 
component I as derived from the Taurus [O 111] data shows 
generally excellent agreement with the measurements of 
raham*, and Taylor and Atherton®, More surprisingly, the 
elocity field of the broad-line component III, as shown in Fig. 
, generally displays a gradient similar to that of component I, 
ut with several noteworthy small-scale deviations, the largest 
f these having previously been noted by Graham’? at the position 
f knot X. Another exceptional region is located ~2 arc min to 
ie south-west of the nucleus. Here, double emission is observed 
yver a wide area, with the radial velocity of the broad component 
veraging more than 100 km s~’ greater than that of the narrow 
‘omponent. These deviations, together with the broad line 
vidths, reinforce the conclusion that component Ill is character- 
ed by considerabl< turbulent motion. The key question, which 
as to be addressed if we are to understand the nature of this 
as, is how do we reconcile the broad line widths with a velocity 
eld. which is similar to that of component I? 


Conclusions 


The present observations reveal that the peculiar emission-line 
is of component If] is very extended, and show that it has a 
listinctly different morphology from that of the disk of ionized 
as associated with the dust lane (component 1. The distribution 
f component IIL correlates well with the main elliptical body, 
ut show a velocity gradient similar to.that of the disk. The 
atter would seem to imply either that both components I and 
Il share a:common origin, or that considerable interaction 
etween the two has. occurred. Clearly. any model. which seeks 
_to explain the origin of the gas in NGC5128 must also account 
‘or. the differing properties of components. 1 and IH. 
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Two-dimensional representation of the radial velocity fields of components I and HI. The largest velocity measurements occur in the 
north-west and the smallest in the south-east. 


Several explanations for these observed properties of com- 
ponent HI come to mind. X-ray imaging observations of 
NGC5128 suggest the existence of an extensive component of 
hot gas trapped in the potential well of the main elliptical galaxy 
body™. As has been suggested for several other nearby radio 
ellipticals (such as M87 (ref. 23), NGC127 (ref. 24) and 
NGC4696 (ref. 25), component III might be cooling condensa- 
tions in the flow of this much hotter gas onto the nucleus’*”’. 
However, Graham? has shown that the rotation of the elliptical 
component is very small. Therefore, the zero-intensity full width 
of ~900kms7' that we observe for component HI is clearly 
much larger than expected from the line-of-sight integral through 
the elliptical component. 

Alternatively, components I and HI might be the inner and 
outer portions, respectively, of a disk which is warped. in the 
plane along the line-of-sight (that is perpendicular to the line 
of nodes)*. In this scenario, it is possible that the gas in com- 
ponent III is directly photoionized by high-energy photons 
emitted by the active nucleus. The chief attraction of this expla- 
nation is that it accounts for the similar kinematics of com- 
ponents I and HI, but it is again hard to envisage a method or 
producing the observed line widths. 

We consider it more likely that component HI is a product 
of the unusual nuclear activity of the galaxy, It is striking that 
knot X, the nucleus, and the X-ray?** and radio” jets in 
NGC5128 are almost exactly colinear. Furthermore, the exten- 
sive area of component III emission south-west of the nucleus 
(see Fig. 2b) lies nearly precisely on the peak of the radio 
emission of the inner south-west radio lobe’. This circumstantial 
evidence suggests that component IHI shares. the bipolar 
geometry of the inner radio. Jobes and lies more or less perpen- 
dicular to the plane of the disk component 1. Graham? has 
argued that the north-east edge of the disk component is ‘nearest. 
to us, which would explain why the component III gas to the 
south-west can be traced into the nucleus, whereas it is observed 
to the north-east only beyond the disk rim. In this interpretation, 
component IH might be gas ejected in an approximately biconi- 
cal pattern from the nucleus, or cooling condensations in the 
ambient interstellar medium of the elliptical galaxy body which 
has been compressed and heated through interaction with the 
inner radio lobes. The major difficulty with either of these 
hypotheses is explaining why the gradient in the velocity field 
of component IIL is so similar to that of the disk component I. 
If ejection is the correct model, perhaps we are witnessing the: 

















impact of the expelled material with the disk gas. This would 
“be consistent with the considerable turbulent velocity structure 
observed in component III. 

Although there is a strong possibility of a link between the 
nuclear activity in NGC5128 and the existence of component 
Il, a significant conclusion of this work is that there is no 
evidence in the Taurus [O 111] images for a line-emission counter- 
part to the actual X-ray and radio jets. In particular, the three 


regions of line emission recently observed by Brodie et al°°, 


which these authors claimed to be associated with knots in the 
inner 2 kpc of the X-ray and radio jets, would appear instead 
to be unrelated samples of the much larger distributions of 
ionized gas which comprise components’! and III. 

At least two follow-up observations are suggested by our 
results. First, the ionization mechanism. of component III should 
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be investigated in more detail, as the low-resolution spectr 
scopic data obtained to date are confined to the relatively brigh 
knot X and nucleus regions, with the ionization characteristi 
of much of the fainter regions of component III remainin 
largely unknown, Second, high-dispersion spectra with bett 
spatial resolution and at a higher signal-to-noise ratio shou 
be obtained to determine accurately the profiles of the broad-li 
component IH gas. Such observations would test the con 
ejection hypothesis, as this model predicts oppositely-skew: 
line profiles to the north-east and south-west of the nucleu 

Judging from the new. data we have presented, there is 
much to be discovered of the complex phenomenon occurring 
in this, our neareast example of a giant elliptical radio. galax 
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A radio map of the galactic centre made at a wavelength of 20 cm with the Very Large Array telescope reveals that mo: 
of the radio emission arising within 50 pc of the galactic centre is not associated with ionizing radiation from recenti 
formed stars. Rather, the large-scale geometry and the measured polarization of the radio emission strongly suggest tha 
the nonthermally emitting gas is arranged along magnetic structures indicative of a substantial poloidal component to. th 


magnetic field in the central region of the Galaxy. 





THE centre of our Galaxy has been the focus of much attention 
(see refs 1, 2) because of its potential significance for our 
understanding of the source of activity in galactic nuclei. Much 
work has dwelt on the small-scale radio and IR structure of 
Sgr A, the apparent centre of luminosity and dynamical centre 
of our Galaxy™'?. On a larger scale (10-100 pc), several low- 
resolution studies have been carried out, revealing the distribu- 
tion of molecular clouds, ionized gas and warm dust! Such 
studies are beginning to shed light on the spatial relationships 
between the ionized, atomic and molecular components of the 
interstellar environment near the galactic nucleus. However, 
many fundamental problems remain: for example, what is 
responsible for the ionization and what is the relationship 
. between the dust and the ionized gas? Population I stars have 
been considered as the source of ionizing photons”, but direct 
evidence for the presence of an adequate number of OB stars 
is Jacking. 

‘We have used the Very Large Array (VLA) telescope of the 
onal Radio Astronomy Observatory (NRAO) to obtain a 
high-resolution view of the radio continuum emission within a 








relatively large field of view (25 arc min. at 20 cm wavelengt 
or about 75 pc). The field of view at 20 cm was offset from t 
galactic centre in order to include not only Sgr A and its radi 
halo, but also the entirety of the prominent radio structure lying 
to the north-east of the galactic centre: the ‘continuum ar 
(hereinafter referred to as the ‘Arc’). Smaller fields observed at 
6cm wavelength were positioned along the ridge of this Arc. 
The choice of these directions was motivated in part by the 
interferometric results of Downes et al.*, who reported several 
compact sources coincident with the Are. Our observations 
reveal that the Arc consists of a highly ordered set of large-scale 
features which are probably related to a _ galactic-scale 
phenomenon rather than to localized star formation in pockets 
near the galactic centre. Therefore, the case for newly-formed 
OB stars as the primary source of ionization is weakened. 
The Arc was evident in a map made as early as 19597677, 
Subsequent radio maps of the galactic centre have shown the 
Are more or less clearly at frequencies from 0.4 to 15.5 GHz 
(refs 17, 28-33). The 10-GHz map of Pauls et al.” made with 
the 77 arcs beam of the. 100-m telescope at Bonn presents the 

















iost detailed picture obtained until now. The Arc appears to 
éonsist of a continuous, narrow strip of radio emission which 
; perpendicular to the galactic plane at about |= 0.18, and 
which is sharply bent at 1~0.16°, b ~ 0.06°, so that it appears 
‘to merge with the diffuse halo of Sgr A from the north. 


‘Observations 


The observations were carried out at both 6 and 20 cm, with the 
VLA in two different configurations. In September 1982, we 
‘used the relatively large B array, in which the telescope spacings 
ranged up to 11 km. The configuration used in 1983 (the hybrid 
_C-D array) was essentially an order of magnitude more compact. 
“The data from the two array configurations were combined 
o produce a map based on sampling over a large range of 
spatial frequencies. The procedure used to combine and self- 
calibrate the data, and then to deconvolve the map from the 
synthesized beam (the CLEANing algorithm) will be described 
elsewhere, The spatial resolution in the 20-cm map was ~4.4 x 
arcs (RA Dec). A dynamic range of ~300 was obtained in 
“the final, 20-cm CLEANed map. Such a large dynamic range is 
ecessary to bring out the details of the Arc structure. Still, this 
ap is dynamic-range limited, with an rm.s. noise of ~5 mJy 
per beam area. The 6-cm maps could not be self-calibrated 
because of the absence of adequately strong point sources, so 
heir dynamic ranges are smaller, ~40, The rm.s. noise in the 
Som maps reported here (using C-D array data only) is 1-4 mJy 
per beam area. At.20 cm, all of the radio structure relevant to 
he present investigation is well localized within the primary 
beam of a single antenna, so that the corrections for the primary 
beam responses are not large enough to introduce any great 
uncertainties. At6cm, on the other hand, this correction can 
be quite substantial for emission arising near the edges of the 
fields. 

Ser A and its halo are at the core of a very extended distribu- 
“tion of radio emission’*"*, Because we have not attempted to 
account for flux present at scales larger than that which corre- 
sponds to the spatial frequency of the shortest antenna baseline, 
our maps do not accurately represent the extended flux. At 20 cm 
“(6 em), features which are extended over more than ~11 (4) arc 


Fig. 1 Radiograph of large-scale, 20-cm radio 
emission features within ~ 60 pe (20 arc min) of the 
galactic nucleus. The line shown is parallel to the 
galactic plane at galactic latitude b = ~0.05°. The 
contrast is chosen to bring out radio features brigh- 
ter than 1S mJy per beam area (the half-power 
beam width is 5x9 arcs). This map has been cor- 
rected for the primary beam response of individual 
antennas, which has a full width at half power of 
28 arc min. The galactic nucleus lies at ~ (1950) = 
17h 42 min 30s, 6(1950) = —28°59', 


min are under-represented or missing. Our conclusions are not 
affected by this limitation, however. 


Results 


The most interesting new result from our observation is the 
recognition that the Arc consists of a system of narrow filamen- 
tary structures having typical widths of ~] pc and lengths 
> 30 pe. These are best seen in the map made at 20 cm wavelength 
of the entire region surrounding Sgr A and the Arc (Fig. 1). The 
radio filaments can be grouped into two categories on the basis 
of their geometry and apparent physical characteristics: (1) the 
vertical filaments: those located at / = 0,16~0.18° which are per- 
pendicular to the galactic plane, parallel to each other, and 
strikingly regular, unbroken and homogeneous in their appear- 
ance, and (2) the ‘arched’ filaments: those that arise (or end) 
in the confused, northern part of the low surface brightness halo 
of Sgr A and diverge, curving eastward, until they join the 
filaments in the first category. The 6-cm map of the arched 
filaments, made with the data from the C-D hybrid array alone, 
is shown in Fig. 2. 

Remarkably, these two systems appear to connect at roughly 
a right angle. One is tempted to call this a real physical connec- 
tion, as neither set of filaments overshoots the region where the 
connection seems to take place. However, the correspondence 
between filaments in the two systems is unclear because the 
emission is relatively weak in this area. 

The ‘vertical’ and the ‘arched’ filaments differ in a few impor- 
tant respects. The arched filaments have a far-IR counterpart 
suggesting that these may be primarily thermal features, while 
the vertical filaments have no such counterpart”’’*’, indicating 
that their radio emission may be predominantly non-thermal. 
These characteristics are consistent with, but not proven by, the 
spectral index information. Second, the vertical filaments show 
linear polarization at a few places along their length, while the 
arched filaments have no significant polarization. Again, this is 
consistent with their suggested thermal and non-thermal natures, 
respectively. Another difference is that the brightness tem- 
perature of the vertical filaments is quite uniform—typically 
1,000 K along their ridges—except for a brightening where they 























































‘galactic plane). The arched filaments vary more in intensity and 
are generally dimmer. 

The vertical filamentary segments have a slight curvature, 
convex towards increasing longitude. (This is evident in earlier 
single-dish maps, see ref. 17.) The centre of curvature lies in or 
near the galactic plane, and cannot be identified with the galactic 
centre unless the true curvature is substantially greater but is 
diminished to our view because of a large projection angle. In 
that case the actual distance separating the filaments and the 
galactic centre would be ~6 times the apparent distance. 

The relatively bright vertical filaments have a projected length 
of ~40 pe. They end rather abruptly, especially at the southern 
end (Fig. 1). However, the 6-cm map made by Altenhoff er al.” 
indicates that the broader envelope of this system of narrow, 
linear structures is continuous (at a low surface brightness, but 
clearly in excess of the background) out to almost a full degree 
(180.pc) in both directions away from the galactic plane. This 
is an order of magnitude greater than the length of the relatively 
bright vertical filaments in Fig. 1. As there is no hint of this 
extension in our data (at either 6 or 20 cm) it must be relatively 
smooth and broad. Interestingly, these extensions appear to 
preserve the curvature seen in the vertical filaments by the VLA. 

One of the intriguing characteristics of the vertical radio 
filaments is the apparent doubling of at least two of them; a 

- dark line appears to split the two brightest filaments. These may 

‘indicate the superpositions of two separate filaments in each 

case, or, alternatively, the dark lines may indicate that the 
‘filaments consist of two (or more) strands. 

On a much larger scale, helical structures appear to be present: 
the low-brightness emission surrounding the Arc appears to 
consist in part of three helical segments whose axis coincides 
with the mean position of the filaments. The apparent helical 
segments are brightest near a= 17h 43 min 25s, 6 = ~28°48' 
(see Fig. 1). They add a third dimension to the appearance of 
the Arc. At the positions where the large-scale helical features 
and the vertical filaments are superimposed, it is clear that the 
helical structures are passing in front of the vertical filaments: 
the brightness of the vertical filaments is clearly diminished 
along.a line coinciding with an extrapolation of the helical 
segments across the filaments, as would be expected if the helical 
features were optically thick in the continuum. If the helical 
features are optically thick, however, then they are cool, because 
their: brightness temperature is only ~500 K. 

Not all of the radio emission from the Arc arises in filamentary 
structures (or their presumably associated helical features). At 
about the position where the vertical filaments. cross the true 
galactic plane, a radio structure (referred to in single-dish studies 
as. G0.18 ~ 0.04) is seen superimposed on the filaments. As can 
be seen in the 6-cm C-D map of this object (Fig. 3), it is crudely 
sickle-shaped, oriented transverse to the long axis of the filamen- 
tary system. The maps strongly suggest an interaction between 
the filamentary structures and G0.18-— 0.04: first, the northern- 
most filament brightens substantially as it nears the semicircular 
portion of G0.18 — 0.04. Also, G0.18 — 0.04 appears to loop over, 
and then roughly merge with the northernmost filament. 
Although not evident in the figures presented here, the southern- 
most bright filament appears to cast a shadow where it crosses 
the ‘sickle’ structure. Finally, a filament appears to begin or 
end abruptly on the small but resolved double source at 
a = 17 h 43 min 05 s, 6 = ~28°48'42”, which is apparently part of 
G0.18 — 0.04. 

VLA observations of the bright emission from Sgr A (the radio 
complex having a diameter of ~10 pc and incorporating the 
galactic nucleus) were recently reported by Ekers et al". 
Because we have used here the most compact configuration of 
the VLA and have achieved a relatively large dynamic range, 
we are sensitive to weaker, larger-scale structures than have 
-Appeared in previous VLA maps. In particular, the extended 

«halo of overall diameter ~8 arc min (24 pc) around Sgr A% 
is- clearly represented in our 20-cm map. Some of the low- 
“brightness details of this halo can be seen in Fig. 1. 


oin the radio feature G0.18 — 0.04 (that is, where they cross the 
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Fig. 2 Contour map of 6-cm emission from the arched filaments 
to the north of Sgr A. The contours are: £6.6, +15.4, 26.4, 39.5, 
54.9, 72.5, 92.3, 114, and 138 mJy per beam area. The inset shows 
the contours of the beam response at 50, 70, and 90% of maximum. 
This map has been corrected for the primary beam response of 
the individual antennas; the full width at half power is about 
8.6 arc min. z 


The two most striking characteristics of the Sgr A halo 
20cm are: (1) the presence in the inner halo surrounding the 
Sgr A east shell of several radially-directed protrusions, and ( 
the faint striations in the outer halo, which are all perpendicul. 
to the galactic plane. ee 

Some of the radially directed protrusions from Sgr. A may l 
extensions of small-scale structure within the shell of Sgr A east 
such as the northernmost arm of the spiral feature at the core 
of Sgr A west'®, If this is so, any model for the nature of € 
spiral features (see ref. 12) is therefore constrained by their ar, 
extent. i : 

On the large scale, the Sgr A halo is symmetrical about 
galactic plane. The faint striations that can be discerned in tt 
outer halo are systematically perpendicular to the galactic plan 
Unfortunately, this kind of feature can also be an. artefact of 
incompletely edited aperture synthesis data, so it must be rega 
ded with caution until it can be confirmed by an independer 
observation. Further details on the Sgr A halo will be published 
separately. 5 


Spectral index 


We now briefly discuss a few of the more interesting results 
from the spectral index and polarization measurements. 
Spectral index maps have been made by comparing 6- and 
20-cm maps made with data in the same range of spatial frequen- 
cies, ensuring that emission at one frequency was being com- 
pared only with data at the other frequency which related to a 
similar scale size. Over most of the 6-cm fields, the spectrum is 
quite flat, with a ~ —0.2 to 0.2 (F, x v**), Certain trends can 
be noticed, however. The spectral index tends to be consistently. 
negative (-0.2<a@<0) in both the arched and the vertical 
filaments, whereas it is predominantly positive (0< a <0.2) in 
G0.18-0.04. In any case, it seems that, except possibly for 
G0.18~0.04, one cannot use the spectral index information.to 
differentiate clearly between thermal and non-thermal emission. 
Over most of the region studied, any polarization of the 
emission is either weak or absent. However, at two places along 
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the vertical system of filaments (a = 17 h 43 min 22 s, 6 = —28°51' 
and a= 17h 43 min 165, 6 = ~28°50’), the polarization is rela- 
‘tively large, 15-25% at 6cm. Curiously, these locations corre- 
spond roughly to the positions where the large helical structures 
cross the vertical filaments. At both of these locations, the electric 
vector of the polarized emission is roughly perpendicular to the 
laments (although the importance of Faraday rotation has not 
een determined). Further south along the filaments from these 
wo regions of maximum polarized intensity, polarized emission 
is present, although the percentage polarization is much smaller. 

The observed polarization indicates that a substantial fraction 
f the observed radio emission is synchrotron radiation. 
lowever, because much of the observed radio emission is 
npolarized, and because the radio spectrum is predominantly 

t, one may conclude that there is an admixture of non-thermal 
mission and free~free emission and absorption in the system 
f filaments. 


mplications 

e filamentary radio structures in the Arc reveal a phenomenon 
hich has not previously been considered for the galactic centre 
gion. The scale of this phenomenon is large (+150 pc, judging 
by the apparent extensions of the arc in the Altenhoff et al.” 
‘map), and the radio emission is continuous across this entire 
‘scale, so it-is unlikely to be linked to localized occurrences 
such as star formation or supernova remnants**”*. Furthermore, 
‘the radio arc is clearly a physically unified phenomenon, rather 
han the chance superposition of two or more unrelated sources 
of emission, as some have suggested'”'®*°, (Previous inter- 
ferometer observations of the Arc region” were not sensitive to 



























Fig. 3 Contour map of 6-cm 
emission from G0.18 — 0.04, where 
the vertical filaments cross the 
galactic plane. Contour levels are 
£3.9, 9.1, 15.7, 23.5, 32.6, 43.1, 
54.8, 67.8, 82.2, 97.9 and 115 mJy 
per beam area. Other details are 
similar to Fig. 2. 


continuous, large-scale structure, so the filaments reported here 
were perceived as numerous, separate H H regions.) 

It must first be established that the Arc lies at the distance of 
the galactic centre, and is thus not a fortuitously superimposed 
foreground object. The radio structure in the Arc does not 
correspond to any phenomenon known to occur in the galactic 
disk. Filamentary radio structures exist (in supernova remnants, 
for example) but we know of no cases in which radio filaments 
are: (1) as nearly linear; (2) as even and unbroken on such a 
large angular scale; and (3) as parallel as the vertical filaments 
near the galactic centre. The polarization characteristics and the 
doubling of the filaments. are also unknown elsewhere. The 
existence of the unique radio Arc is, therefore, easiest to contem- 
plate if it occurs in a unique environment, such as the vicinity 
of the galactic centre. Moreover, the arched filaments appear 
to originate (or end) in the halo of Sgr A. That is, the placement 
and orientation of the Arc indicate a possible physical relation- 
ship between the Arc and the galactic nucleus. It is quite unlikely 
that this is a mere coincidence of projection. 

The preceding two arguments are circumstantial. A more 
direct.and conclusive argument can be made on the basis of the 
apparent relationship between the vertical filaments and the 
molecular cloud, M +0.11 —0.08. We have argued that the ver- 
tical filaments are interacting with the radio structure G0.18 — 
0.04. Other evidence'*'*:'” indicates that G0.18 — 0.04 is itself 
interacting with the edge of the 40 kms’ molecular cloud (M + 
0.11 — 0.08). In particular, the cloud velocity, ~50 km s™', is 
similar to that of recombination line emission from G0.18 — 0.04 
(ref, 19). Evidence that this molecular cloud lies near the galactic 
centre is fairly strong, and has been discussed elsewhere (ref. 
37 and references therein). On the strength of these arguments, 

















we proceed with the presumption that the Are eprésenis’ £ a 
phenomenon occurring within the region of the galactic centre. 

Could the apparently one-dimensional ‘filaments’ comprising 
the Arc actually be two-dimensional shock fronts (or ionized 
surfaces) that are limb-brightened by being viewed in projection 
from the side? The centre of curvature of the vertical filaments 
lies far from the galactic nucleus on the side opposite the Arc, 
near the radio source SgrC, but because the shock velocity 
would increase with decreasing density and because the galactic 
centre region is probably a plane-stratified medium in which 
density declines with height, a shock could assume the shape 
of the curvature observed even if the origin of the shock is the 
galactic nucleus. The extent of the shock front would be enor- 
mous (40pc) and the energy requirements correspondingly high, 
although perhaps not prohibitive. The major problem with a 
shock front model for the apparent filaments is their regularity 
and straightness. The inhomogeneities within the galactic centre 
region (the molecular cloud M +0.11 —0.08, for example) would 
be expected to introduce more breaks, kinks and general disorder 
into a shock front passing over them than are observed in the 
filaments making up the Arc. Moreover, the outer helical struc- 
ture, whether apparent or real, would be very difficult to fit into 
a picture of the Arc as a shock front. 

We conclude that the geometry of the Arc is essentially linear, 
and that it is controlled by magnetic phenomena. This observa- 
tion therefore. provides the first indication of a substantial 


poloidal component tothe magnetic field near the galactic. 


centre. The:substantial degree of polarization observed at a few 
positions along the filaments is most readily explained as syn- 
chrotron radiation and, if Faraday rotation is negligible, the 
mean orientation of the position angle of the polarized E-vector 
at those positions thereby implies that the magnetic field lines 
are parallel to the long axis of the filaments, as might be expected. 
The resolution of the Arc into a sheath of filaments might then 
be accounted for in terms of filamentation instabilities?" perhaps 
analogous to those occurring in solar prominences. 

Ifthe helicity of some of the structures that were observed 
can be verified, this would strongly support the hypothesis that 
magnetic fields are important in the Arc. Indeed, the helical 
geometry might be revealing the presence of a nearly force-free 
«-imagnetic field configuration. However, although the magnetic 
lines of force in a cylindrically symmetrical force-free field are 
helically wound about the axis of symmetry’, the plasma 
characteristics, and thus the emergent radio emission, should 
be cylindrically symmetrical, unless the force-free system has 
undergone filamentation instabilities. 

At the projected distance of the vertical filaments from the 
galactic centre, the period for circular rotation is only ~10° yr. 
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“ments, we suggest that the impact of the particles within’t 


Also, the. filaments are not within the region of solid-bo 
rotation. Therefore, unless the lifetime of the filamentary struc 
ture is much shorter than 10° yr, one might expect differentia 
rotation to deform it and wrap it into a primarily azimutha 
structure. However, the apparent curvature of the vertical fila 
ments is very similar, if not essentially identical, to that need 
to keep all points on the filament rotating at a constant angula: 
velocity (based on the mass distribution given by Oort’). T! 
conspiracy would permit the filaments to have an arbitrari 
long lifetime. This comment does not apply to the arched fila 
ments, which must be rapidly evolving features. 

In view of our results, one may question whether the formati 
of massive stars is occurring at an important rate in the galacti 
centre region, as has often been assumed. Indeed, when t 
large quantity of dense molecular gas within a few’ hundre 
parsecs of the galactic centre is considered*”*'“?, then, exc 
for Sgr B2, and perhaps one or two other sites, there i is a defi 
lack of evidence that the rate of massive star formation peru 
mass of gas is comparable to that in the galactic disk. This clai 
is based on a relative absence of strong H,O masers® and an 
apparently low rate of occurrence of compact H I regions suc 
as might be produced around O stars. 

The emission associated with G0.18 — 0.04 was suggested’ 
Pauls and Mezger'® to be a region of star formation. Our result 
do not contradict this suggestion, but they provide: a viab 
alternative to OB stars as the source of ionization. As G0:18 
0.04 appears to be interacting with the sheath of vertical: fil 







































relativistic plasma of the filaments on ambient gas in the gala 
plane might be responsible for the ionization. Indeed, accordin, 
to the arguments above, the ambient gas is present at the rig 
location in the form of the ‘40 km s~" molecular cloud. A -highe 
resolution study of the region surrounding G0.18 — 0.04, su 
as is possible with a larger configuration of the VLA, and wi 
the new generation of millimetre telescopes, should make 
possible to test the hypothesis that this object results from 
impingement of a magnetically confined, relativistic plasma O! 
cool molecular gas. : 
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To identify cis-acting DNA elements involved in the activation of the a-fetoprotein gene during differentiation, modified 
opies of the gene were introduced into murine F9 embryonal carcinoma cells. The differentiation of the transformants to 
ither parietal or visceral endoderm was accompanied by induction of the exogenous template in a manner qualitatively, 
ui not quantitatively, identical to that of the endogenous a-fetoprotein gene. 





N the mouse the development of the extra-embryonic yolk sac 
egins early in embryogenesis. Towards the end of the fourth 
ay after fertilization the progenitor tissue, primary endoderm, 
egregates from the inner cell mass'”. By day 7 the parietal and 
ceral endodermal layers are evident’ and constitute the distal 
ind proximal cell walls of the yolk sac, respectively. These latter 
woendodermal cell types can be distinguished by a variety of 
orphological criteria and biochemical markers’. Parietal 
ndoderm cells rest on a thick basement membrane, termed 
eichert’s membrane, and are comparatively enriched in the 
ynthesis and secretion of the membrane components collagen 
ype IV, laminin, entactin and heparin sulphate proteoglycan’. 
isceral endoderm cells are associated with a thin basement 
embrane and are characterized by the synthesis of a- 
fetoprotein (AFP)®. AFP cannot be detected in parietal 
endoderm or in any of the progenitor tissues of the early mouse 
embryo. Its synthesis in visceral endoderm can be detected by 
day 7 of development? and by day 15.5 its mRNA accounts for 
20% of thte total poly(A)* RNA in visceral endoderm cells”. 
To understand the mechanisms underlying gene activation 
uring development, we have studied the activation of the AFP 
ene in visceral endoderm. The study of early mouse embryo- 
enesis has been greatly facilitated by the establishment of 
mbryonal carcinoma (EC) cell lines derived from the stem cells 
f teratocarcinomas'”, EC cells possess many properties of the 
ctodermal cells of the inner cell mass'' and cell lines exist that 
re capable of differentiating in culture to a variety of tissue 
pes, including extra-embryonic endoderm, One such line, F9, 
been well characterized and has a very low frequency of 
pontaneous differentiation’’. Strickland and co-workers'®"4 
ave shown that after treatment with retinoic acid and cyclic 
MP, a monolayer of F9 EC cells will differentiate to a cell 
losely resembling parietal endoderm. If F9 EC cells are treated 
stead with retinoic acid alone and are permitted to aggregate, 
iost of the cells on the outer surface of the aggregate acquire 
henotype very similar to that of visceral endoderm, and 
‘onsequently synthesize AFP’. These differentiated aggregates 
ave been termed embryoid bodies because of their structural 
esemblance to early blastocysts'®. 











ransformation of F9 cells 
We have used this system to identify any cis-acting DNA ele- 
1ents within the AFP genomic locus that are required for the 
ctivation of the AFP gene on differentiation in culture. To 
pproach this question, we have introduced, via DNA transfor- 
ation, modified copies of the mouse AFP gene into F9 EC 
cells and examined whether the pattern of expression of the 
AFP gene in the F9 stem and differentiated cells could be 
reproduced from the exogenous AFP templates. 
-7 Stable transformants were established by co-transformation 
®f an F9 TK” (thymidine kinase-negative) EC cell line with 


unlinked plasmids containing the 3.4-kilobase (kb) BamHI frag- 
ment of the herpes virus thymidine kinase gene'’ and an AFP 
minigene termed YZE (Fig. 1). The AFP minigene was construc- 
ted by joining the two contiguous 5’ AFP genomic EcoRI frag- 
ments Y and Z to a 3’ distal EcoRI fragment, E'*’°, resulting 
in a five-coding block gene containing 14 kilobase pairs of 5 
flanking DNA, the first three and the last two coding blocks of 
the AFP gene and 0.4 kb of 3’ flanking DNA. This construction 
contains all of the DNA between the 3’ terminus of the albumin 
gene and the 5’ terminus of the AFP gene, and thus will test 
whether putative cis-acting DNA elements required for proper 
AFP gene regulation are located in this intergenic region. The 
mature transcript from the YZE minigene should be approxi- 
mately 600 bases long and therefore distinguishable from the 
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Fig. 1 Structure of pAFPYZE and its configuration in several 
single-copy F9 transformants. The minigene pAFPYZE was con- 
structed in two stages using three subgenomic clones of the 
albumin—AFP gene loci, shown at the top of the figure. The EcoRI 
Y fragment contains 7 kb of 5’ distal flanking DNA, the EcoRI Z 
fragment contains 7 kb of 5’ proximal flanking DNA and the first 
three exons of the AFP gene, and the E fragment contains the last 
two exons, plus 0.4kb of 3’ flanking DNA. The structure of the 
resulting 5-exon minigene is illustrated in the centre; the line 
drawings underneath illustrate the approximate breakpoint in the 
5’ flanking regions of the integrated YZE DNA in the low-copy 
transformants. The straight line represents sequences contained in 
the transformants and the wavy line represents the région where 
the breakpoint occurs. The enzyme digests used to map these sites 
are: Ba, Bam HI; H, HindHil, Bs, BstEIl; S, Smal: R EcoRI: K, 
Kpni. 

Methods: To construct pAFPYZE, the 1.1-kb EcoRI E fragment 
of pAFP7E'® was joined to the 9.8-kb EcoRI Z fragment of 
pAFPI4Z'*, pAFP7E was digested to completion with EcoRI and 
ligated at equimolar concentrations to a partial EcoRI digest of 
pAFP14Z at a final concentration of 25 4gml"'. The ligation 
products were used to transform HBIOI cells and ampicillin- 
resistant colonies were screened by colony hybridization for plas- 
mids in which the 1.1-kb AFP7E EcoRI fragment was inserted in 
pAFP14Z. Proper orientation of the fragment was confirmed by 
restriction enzyme analysis and the resultant recombinant is termed 
pAFPZE. Then, the 7.0-kb EcoRI Y fragment of pAFPISY’® was 

joined to AFPZE by the same procedures as described above. 








~ room- temperature, and maintained in 5! 3 
` = DMEM plus 10% FCS for 24-36 h. At this 








Fig. 2 G c DNA blots of YZE 
transformants. YZE-specific DNA seq- 
uences were detected in genomic DNA 
from 12 transformants using a hybridiz- 
ation probe specific for the first coding 
block of the AFP gene. HAT-resistant 
clones were grown under selective press- 
ure (lanes a) or in the absence of selective 
pressure for over 50 generations (lanes b). 
The diagram below the figure illustrates 
the expected 10-kb fragment from the 
endogenous AFP gene and the 5-kb frag- 
ment from YZE DNA. 
Methods: F9 YZE transformants were 
obtained by co-transformation of F9 TK” 
cells (given by B. Knowles and D. Solter) 
with two plasmids containing the herpes- 
‘virus tk gene (3.4-kb BamHI fragment”) 
and the AFP YZE minigene. F9 TK” cells 
(10° cells per 10 cm plate) in Dulbecco’s 
modified Eagle’s medium (DMEM) with 












Probe: 


10% fetal calf serum (FCS; Armour) were Hind IX Hind IE ri 
incubated with 10 ug of pTK DNA and | 5 

10 ug of pAFPYZE DNA in the presence ae Ii i n N : 

of Ca, (PO,), (ref. 44). After 12h the Endogenous AFP gene 
medium was removed, the monolayer cul- Hin dIE Hind IE 


tures were treated with 15% glycerol in | { 
1x Hank’s buffered saline for 3 min at 


pAFP YZE 


“time HAT selective medium (DMEM, 10% FCS, 15 pgm”! hypoxanthine, 1 pg ml”! aminopterin, 10 pg ml~' thymidine) was added: 23 
weeks later, HAT-resistant colonies were picked and expanded for DNA analysis. DNA was isolated by resuspending the cell pellets containing 
~5x 10° cells in { ml of 0.3 M Tris-HCI (pH 8.6), 0.1 M NaCl, 0.2 M sucrose, 0.05 M EDTA and then adding 0.25 ml.of 0.5 M Tris-HCI (pH 
9.2), 0.25 M EDTA and 2.5% SDS to lyse the cells, The cell lysate was incubated at 60°C for 15 min then treated with 100 yg mi~’ proteinase 
K for 12-15 h. The lysate was brought to 0.5 M NaCl, extracted with equal volumes of phenol, chloroform and ether and nucleic acids we 
precipitated by adding an equal volume of ethanol at room temperature. The DNA was spooled, washed once with 70% ethanol at room 
temperature and resuspended in 10 mM Tris-HCI (pH 7.5). To detect YZE specific DNA, 10 pg of the DNA samples were digested with a 
3-5-fold excess of HindIII and electrophoresed on a 1% agarose gel. The DNA was transferred to nitrocellulose“ and hybridized witha 


labelled probe that spans the first AFP coding block. 


endogenous AFP mRNA, ~2.2 kb long. The major assumptions 
in the use of the YZE minigene are that such a construct can 
generate a stable transcript and that by deleting the internal 
regions of the AFP gene.together with proximal 3’ sequences, 
important regulatory elements have not been removed. To test 
the first assumption, the five coding block minigene was inserted 
into the simian virus 40 ($V40)/pBR322 vector, pSV2 (ref. 20), 
and transfected into HeLa cells. A stable 600 base-long transcript 
consisting of correctly initiated, spliced and polyadenylated 
RNA was detected and used throughout as a standard for YZE 
mRNA (unpublished data). 

The F9 TK™ EC cells were co-transformed with pYZE and 
the herpes virus tk DNA as described in Fig. 2 legend. Hypoxan- 
thine~aminopterin-thymidine (HAT)-resistant colonies were 
obtained at a frequency of 1-10 colonies per ug DNA per 10° 
cells. The colonies were individually expanded under selective 
pressure and screened by restriction enzyme analysis for the 
presence of YZE-specific DNA sequences. Genomic DNA from 
the expanded cultures was hybridized after electrophoresis to a 
probe that spans the first AFP coding block. This probe hybrid- 
izes to a 10-kb HindIll fragment from the endogenous AFP 
gene and a 5-kb fragment from the YZE minigene, due to the 
presence of a HindIII site in YZE in the 14th intervening 
sequence (Fig. 2). The screen identified a total of 11 transfor- 
mants that contained an intact 5-kb YZE HindIII fragment (Fig: 
2, lanes labelled a). An additional transformant (YZE.10) had 
a rearranged HindIII fragment. 

The copy number of the YZE DNA varied between transfor- 
mants, from 1 to > 120 copies per cell. This remained constant 
for 11 of the 12 transformants when maintained in nonselective 
<: conditions, indicating that the YZE DNA was stably integrated 
“into the genome (compare lanes a and b for each transformant 
< Cin Fig. 2). YZE.10 apparently represents an unstable transfor- 
mant as the signal corresponding to the YZE-specific fragment 
was greatly diminished during growth in nonselective medium. 




























Induction of YZE mRNA 


We next determined the qualitative and quantitative pattern 
expression from the YZE templates, relative to the endogeno 
gene, in the undifferentiated and differentiated cultures of ea 
transformant in Fig. 2. Total poly(A)” RNA was isolated fro 
undifferentiated EC cell monolayers and 15-day embryoid:bo 
cultures of each transformant. After electrophoresis, the Rb 
was hybridized to the first AFP coding block probe described 
in Fig. 2. 

Figure 3a shows that authentic AFP mRNA was detect 
only in the embryoid body RNA (V lanes) for each transformant, 
confirming the presence of visceral endoderm in the cell -aggr: 
gates. RNA species of the appropriate size for fully processed 
YZE mRNA (arrow in Fig. 3) were detected at relatively low 
levels in YZE.7,8,9,1 and 5 embryoid bodies but were abse 
from the corresponding undifferentiated EC cells. As for YZE. 
and 6 and the YZE transformants not shown in Fig. 3, no 
significant amounts of RNA species corresponding to the pre 
ted size of YZE mRNA were detected in either the EC cells, 
embryoid bodies. In many of the transformants, RNA speci 
of higher molecular weight were detected in both EC and embry 
oid body cultures; these will be discussed below, Finally, in 
YZE.11, a transcript larger than that expected for YZE mRNA 
was expressed constitutively. 

To ensure that the 600-base transcript does not merely rep 
resent a size class of nonspecific degradation products of AFP 
mRNA, several of the RNA samples in Fig. 3a were hybridized 
with an AFP cDNA probe specific for internal coding blocks 
not represented in the YZE minigene. As shown in Fig. 3b, this 
probe hybridized with the endogenous AFP mRNA but not wi 
the 600-base RNA. 


Characterization of YZE mRNA 


To provide additional proof that the 600-base RNA is YZE 
mRNA, we performed an S; nuclease hybridization assay tha 











uld distinguish YZE mRNA from AFP mRNA. Both tran- 
pts should have the same 5’ and 3’ termini but differ in that 
YZE mRNA should lack sequences between the 3rd and 14th 
\FP ceding blocks. Therefore, a DNA probe that spans the 
hird and fourth coding blocks would be fully protected from 
Nuclease when hybridized to AFP mRNA but only partially 
yrotected when hybridized to YZE mRNA (see diagram in Fig. 
): The first lane of Fig. 4 contains the DNA fragment protected 

y YZE mRNA isolated after transient expression in HeLa cells 
and this serves as a standard for the 91-base S,-protected frag- 
ment. The 9l-base fragment was also observed with RNA 
amples from embryoid body cultures of the YZE transformants 
hat were positive for YZE mRNA by gel blot analysis (Fig, 3). 
“Unexpectedly, significant levels of the 91-base fragment were 
lso obtained from embryoid body cultures of YZE transfor- 
mants in which no YZE mRNA was detected (YZE.6,10,2 and 
Oa lesser extent YZE.3). In addition, the fragment was also 
etected using RNA from several undifferentiated EC cell cul- 
tures, none of which contained YZE mRNA by gel analysis 


we YZE 
mRNA 








Fig. 3 Analysis of AFP and YZE mRNAs in EC cell and embryoid 
> body cultures of YZE transformants: 7 pg of poly(A)* RNA from 
‘EC cells (—lanes) or embryoid bodies (V lanes) from the indicated 
‘transformants were electrophoresed through an agarose gel and 
transferred to nitrocellulose filters. a, The nitrocellulose filters were 
ybridized to a labelled probe that spans the first AFP coding block 
“(described in Fig. 2). b, The nitrocellulose filters were hybridized 
with the labelled PstI insert of the cDNA clone, pAFP2 (ref. 46). 
“This sequence contains AFP coding blocks 7-13. The AFP lanes in 
`a and b. correspond to 20 ng of poly(A)* fetal mouse liver RNA. 
AH autoradiograms were exposed for 48 h. 

Methods: Undifferentiated EC cell cultures were maintained as 
‘monolayers in tissue culture flasks in DMEM with 10% FCS. 
Embryoid body cultures were established as described pre- 

i viously’? by seeding 1 x10° EC cells in the presence of 7.5 x 
107° M all-trans retinoic acid (Eastman) in 10cm bacteriological 
“Petri dishes, and: collected after 15 days. Total cell RNA was 
“prepared by the hot phenol method*’ and enriched for poly(A)* 
RNA by oligo (dT)-cellulose chromatography**. Poly(A)* RNAs 
“were denatured at 55°C for 15 min in 60% formamide, 6% formal- 

“dehyde and | x MOPS buffer, pH 7.0 (20 mM MOPS (morpholine 

“propanesulphonic acid), 5mM sodium acetate, I mM EDTA), 
electrophoresed in a 6% formaldehyde, 1.5% agarose gel in 1x 
“MOPS buffer and the RNA was transferred to nitroculose in 

20 x SSC* (1 x SSC = 0.15 M NaCl, 0.015 M sodium citrate). 
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Fig. 4S, nuclease hybridization assay to distinguish YZE mRNA 
from AFP mRNA. The S, hybridization probe used in this experi- 
ment is a 3’ end-labelled 147-nucleotide Hpall—Hinfl fragment 
derived from an AFP cDNA clone (pAFP1)* and contains sequen- 
ces from both the third and fourth AFP coding blocks. a, S, 
protection of 20 ug of poly(A)* RNA from the indicated embryoid 
body cultures. The lane labelled C represents a tRNA control. b, 
S, protection of 20 pg of poly(A)” RNA from the indicated EC 
cell cultures. The symbols below the lanes indicate those cell lines 
for which YZE mRNA was detected (+) or not detected (~—) by 
Northern blot analysis (see Fig. 3). 

Methods: To prepare the probe, 25g of pAFP1 DNA were 
digested with Hpall and 3’ end-labelled by resuspending the DNA 
in a total volume of 30 wl containing 34 mM Tris-HCI (pH 8.3), 
50mM NaCl, 6mM MgCl, 5mM dithiothreitol and 70 pCi [a- 
P]dCTP (800 Ci mmol; NEN), then treating the mixture with 4 
units of AMV reverse transcriptase (Life Sciences) for 1 h at 37°C. 
The DNA was further digested with Hinfl and the 147-bp strand- 
separated Hpall-Hinfl fragment was isolated on a 5%: polyacry- 
lamide gel (acrylamide/bisacrylamide, 62.5:1) in 1 x TBE buffer 
(90 mM Tris-borate pH 8.3, 4mM EDTA) and recovered by elec- 
troelution. S, hybridization assays”? were done as described pre- 
viously?” using 25 ng of the end-labelled Hpall—Hinfl fragment. 
The YZE transformant samples contained 20 pg of poly(A)* RNA 
per hybridization mixture and the HeLa cell control RNA samples 
contained 10ng of poly(A)" RNA isolated after transient 
expression of YZE inserted in an SV40/pBR322 vector, pSV, (ref. 
20) (ane YZE). The denatured fragments were electrophoresed 
on a 7M urea, 7.5% polyacrylamide gel in 1 xTBE buffer. 
Molecular weight markers were single-stranded @X174 DNA 
(Miles) digested with HaellI and end-labelled with [y- P]ATP 
(1,000 Ci mmo!™!; NEN) and polynucleotide kinase (see Fig."5). 










-o (Fig. 4b). One explanation for the detection of this fragment in 
the absence of YZE mRNA is that transcription is initiating at 
sites other than the AFP cap site and that these readthrough 
transcripts are being spliced at the 3’ border of the third AFP 
coding block. To address this possibility, YZE transcription in 
several undifferentiated EC cell cultures was analysed by S, 
nuclease hybridization assays using the 5’-specific probe 
described in Fig. 5 legend. As the AFP mRNA is not expressed 
in EC cells (see Fig. 3), this assay will determine if properly 
initiated YZE transcripts are present before differentiation. 
Figure 5a shows that no accurately initiated AFP transcripts 
were detected in any of the RNA samples isolated from the 
undifferentiated YZE EC cells at.a sensitivity equal to that of 
the. internal splice S, assay in Fig, 4. 

However, an S,-protected fragment that maps to position —33 
was detected in several samples. Transcripts defined by the 
733.8, nuclease-protected fragments have also been detected in 
HeLa transient expression experiments using a variety of AFP 
minigene constructs inserted in SV40/pBR322 vectors”, The 
simplest interpretation of these results (and thé one we favour) 
is that the —33 fragments are the result of a cryptic 3’ splice 
junction at this position—that is, a relatively low level of con- 
stitutive readthrough transcription is occurring over the YZE 
locus in many of the YZE transformants, The initiation sites of 
the transcripts are unknown but at least a portion of them are 
using the cryptic splice site at position —33 and the 3’ splice 
junction of the third AFP coding block. By standardizing the 
signals obtained from RNA isolated from the YZE transformants 
to those from the RNA controls, it seems that the levels of the 
constitutive transcripts are not significantly altered on differenti- 
ation. Further, the presence of this class of transcripts may 
explain the higher molecular weight background signal observed 
in the RNA blots in Fig. 3. 

A particularly striking example of this phenomenon is seen 
with YZE.11. In this transformant an RNA species larger than 
YZE mRNA was detected at high levels in both the undifferenti- 
ated EC cell and embryoid body cultures (Fig. 3). This transcript 
is polyadenylated and does not hybridize with the internal cDNA 
. probe (data not. shown). When poly(A)* RNA isolated from 
_ YZE.11 undifferentiated EC cells was analysed by the $’-specific 
S, nuclease: hybridization assay, a set of protected fragments 
mapped to position —33. Only a splice at this site, rather than 
transcription initiation, could account for the size discrepancy 
between the gel data (Fig. 3) in which the transcript appeared 
to be approximately 200 bases larger than expected and the S, 
nuclease protection assay (Fig. 5b) in which a fragment only 
33 bases larger than expected was observed. The initiation site 
of this transcript has not been identified. 

Due to the significant level of nonspecific transcription over 
the YZE loci, we wanted to confirm directly that the transcripts 
identified as YZE mRNA in Fig. 3 were initiated at the proper 
AFP cap site. YZE mRNA from embryoid body cultures of 


_YZE.1 was purified from a denaturing agarose gel and used in 


an S, hybridization assay with the 5'-specific DNA probe 
described in Fig. 5 legend. The radiolabelled fragments protected 
from S, nuclease digestion were resolved on a denaturing polya- 
crylamide gel and the results in Fig. 5c show that the eluted 
RNA has the same 5’ terminus as AFP mRNA and the protected 
91-base fragment that is characteristic of YZE mRNA but not 
AFP mRNA (data not shown). 


Tissue specificity of YZE mRNA expression 


The tissue specificity of expression from the exogenous YZE 
templates was investigated by comparing visceral and parietal 

endoderm derived from the YZE EC cells. Endoderm cultures 
were established by treating EC cell monolayers with retinoic 
_vacid-and cyclic AMP (parietal) or allowing the EC cells to 
__ aggregate in the presence of retinoic acid for 15 days (visceral). 
Differentiation to parietal endoderm was confirmed by mor- 
phology'*?! and by induction of the major histocompatibility 
Antigen (H-2) mRNA”? (data not shown). Poly(A)” RNA was 
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Fig. 5 S, hybridization assay to map the readthrough transcripts 
in the undifferentiated EC cell transformants. The hybridization: 
probe is the Sau3A~Puull 5° end-labelled probe described: p 
viously” and illustrated in the figure. The hybridization and. Sy 
digestion conditions were as described previously™. Lane M,- 
single-stranded 6X174 DNA digested with Haelll and end-: 
labelled with [y- P]ATP and polynucleotide Kinase. a: Lane YZE; 
S, protection of 200 ng.of poly(A)” RNA from HeLa cells trans 
ted with YZE/SV40/pBR322 DNA”. The subsequent lanes ‘ar 
20 ug of poly(A)? RNA from the indicated undifferentiated EC 
cells. b: S, protection of 10 pg poly(A)* RNA from undiffere 
ated EC cells of YZE.i1;and 200 ng of poly(A)* RNA from Hel 
cells transfected with YZE/ S$V40/ pBR322 DNA (lane YZE): € 
Lane la, size-selected poly(A)” RNA from embryoid body culture 
of YZE.1; lane lb, 10 pg unfractionated. poly(A)* RNA fr 

embryoid body cultures of YZE.1; lane C, tRNA control. 


extracted from each of the tissue types, and after electrophoresi 
hybridized with the first AFP coding block probe (Fig. 6). A 
described in Fig. 3, induction of YZE mRNA was detected o) 
formation of visceral endoderm for YZE.7,8,9,1 and 5. Whe 
RNA extracted from parietal cultures of these transforman 
was analysed, neither the endogenous AFP nor YZE mRN# 
were detected. Thus, we conclude that the qualitative patte 
of expression from the endogenous AFP gene and the exogneous: 
YZE genes is identical in the three tissue types examined. The: 
constitutively expressed. aberrant transcript in YZE.11 can also: 
be detected in parietal endoderm at levels comparable to those 
found in visceral and EC cell cultures. 

To analyse the specificity of YZE mRNA induction with 
regard to other transcripts encoded by the input DNA, levels. 
of the herpesvirus tk transcripts were measured in the EC and 
embryoid body cultures. of each of the 12 YZE transformants 
that had been passaged for over 50 generations in the absence 
of selective pressure. Except for one transformant, YZE.2, in 
which a slight increase of tk mRNA was observed, the level-of. 
tk mRNA remained constant, or decreased on formation of the 
embryoid body (data not shown). 
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Fig.6 Analysis of AFP mRNA and YZE mRNA expression in 
: parietal endoderm cultures. 7 pg of poly(A)* RNA isolated from 
EC cells (~), parietal (P) and 15-day embryoid body (V) cultures 
“were electrophoresed on denaturing agarose gels as described in 
Fig. 3 legend, transferred to nitrocellulose filters and hybridized 
with a nick-translated probe that spans the first AFP coding block. 
"The AFP lane contains 20 ng of poly(A)” fetal mouse liver RNA 
sand the YZE lane contains 0.5 wg of poly(A)” HeLa RNA isolated 
‘after transient expression of YZE/SV40/pBR322 DNA. Exposure 
time was 3h for the YZE autoradiogram and 48h for all others. 
‘Methods: Parietal endoderm cultures were established as described 
»previously'+? from EC cell cultures of the indicated YZE transfor- 
mants. The cells were collected by trypsinization 5 days after 
seeding, then RNA was extracted by the hot phenol method and 
-enriched for poly(A)" RNA by oligo(dT)-cellulose chromatogra- 
‘phy. The undifferentiated EC cells and 15-day embryoid body 
cultures were established as described in Fig. 3 legend. 


Temporal expression of YZE mRNA 


has been suggested that the production of visceral endoderm 
i the outer layer of aggregating F9 cells occurs as an orderly 
rogression of multiple events” and that maximum expression 
f AFP requires the production of an organized epithelium 
roperly aligned on a thin basement membrane’’. A time course 
for the induction of AFP expression reveals that the levels of 
AFP mRNA increase continually for at least 17 days after 
geregation, with the major accumulation occurring after 7 
ays. In contrast, other endodermal markers such as H-2 
mRNA and albumin mRNA increase until day 5, after which 
ey remain relatively constant”. The very low levels of YZE 
RNA in all the positive transformants (Figs 3, 6) raised the 
sue of whether one or more of the stages in AFP mRNA 
\duction was not occurring properly. Therefore, we examined 
ie time course for induction of YZE mRNA in two transfor- 
mants. Total poly(A)” RNAs from YZE.9 and YZE.1 were 
*xtracted from embryoid body aggregates at various times after 
eding in the presence of retinoic acid. Figure 7 shows that 
P mRNA was detectable at very low levels by day 5 in both 
‘ansformants, increased dramatically between days 7 and 9 and 
yntinued to increase up to day 15. YZE mRNA was barely 
etectable by day 7 in both transformants, and increased only 
3-fold by day 15. During this same period, densitometric scans 
vealed that AFP mRNA increased ~100-fold in YZE.1 and 
+ 500-fold in YZE.9 (see the bottom panel in Fig. 7 for the short 
xposure of the autoradiogram). Hybridization of the washed 
liters with a mouse a-actin probe confirmed that each lane 
ntained equivalent amounts of RNA (data not shown). 


zene copy number and YZE inducibility 


A-comparison of Figs 2 and 3 reveals that the five transformants 
capable of inducing YZE mRNA were all multiple-copy DNA 
integrants (YZE.1, 5, 7, 8 and 9). Only one of the non-inducers, 
YZE.6, contained multiple inserts. Although other possibilities 
exist, it may be that the single-copy integrants have not retained 
sufficient co-linear DNA in the critical region to confer inducibil- 
“ty. Thus, the extent of 5’ flanking DNA in each of these trans- 
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Fig.7 Time course of AFP mRNA and YZE mRNA production 
during embryoid body formation. Embryoid body cultures of 
YZE.9 and YZE.1 transformants were established as described in 
Fig. 3 legend. At the indicated days after seeding in bacteriological 
plates in the presence of retinoic acid, cultures were collected and 
RNA was extracted by the hot phenol method. For each sample, 
Tug of poly(A) RNA were electrophoresed on a denaturing 
agarose gel, transferred to nitrocellulose filters and hybridized with 
a labelled probe that spans the first AFP coding block (see Fig. 
3). The day 5~15 samples for YZE.9 were collected from one series 
of embryoid body cultures. For YZE.1, the day 5 to the first of the 
day 11 samples were collected from one series of embryoid body 
cultures, and the second day 11 and day 15 samples were collected 
from a second series of embryoid body cultures. The top panel is 
a 48-h exposure and the bottom panel a 3-h exposure of the same 
nitrocelluose filter. 


formants was examined by polymorphic restriction enzyme 
digestions™®. The results showed that all of the multiple-copy 
transformants (YZE.1, 5, 6, 7, 8 and 9) contained multiple copies 
of intact YZE insertions. The low-copy transformants YZE.2, 
3, 4 and 12 had intact copies of the structural gene but had 5’ 
flanking DNA breakpoints located between map positions 
~7,400 and —2,000, respectively (see Fig. 1). The 5’ junction 
site for YZE.11 lay between map positions —8,400 and —7,400, 
respectively. Thus, the oily non-inducer with an intact integrated 
YZE gene was YZE.6. 


Conclusions 


The introduction of cloned genes into differentiated mammalian 
cells in culture has been widely used to study regulatory mechan- 
isms of gene expression. Much of this work has focused on the 
induction of expression from transfected genes in response to 
external modulating signals’’*'. In these experiments, the 
recipient cells were fully committed to a specific developmental 
pathway. The F9 EC cell, in contrast, is a multipotent stem cell 










capable of differentiation into two different endoderm cells as 
“well as into adrenergic neurone-like cells?2. Before differenti- 
ation the AFP gene is completely silent in these cells, and is 
activated selectively on formation of visceral endoderm". To 
study this activation event, the AFP minigene promoter had to 
be inactive in the EC cell, a condition that held in all the 
transformants examined. However, while we detected no 
-authentic YZE mRNA in the undifferentiated cells, transcription 
was clearly occurring within the exogenous DNA, albeit not at 
the AFP promoter. There was no obvious correlation between 
this constitutive transcription through the locus and the sub- 
sequent inducibility of authentic YZE mRNA in visceral 
endoderm: for example, YZE.! accumulated the highest levels 
of YZE mRNA, but showed little readthrough transcription. 
Non-inducers such as YZE.2 and YZE.4 showed markedly 
different levels of this readthrough transcription. Thus it is not 
clear what impact, if any, this phenomenon had on the experi- 
ments. 

Nevertheless, it is important to point out that the activation 
of the YZE locus during differentiation did not require a 
derepression of a transcriptionally inactive region, events which 
have been hypothesized to require significant changes in 
chromatin structure. Whether such events occur during the 
activation of the AFP gene and whether the exogenous genes 
have bypassed such a requirement are unknown, 

For five of the YZE transformants the regulation of YZE 
mRNA expression during differentiation was qualitatively iden- 
tical to authentic AFP mRNA in that it was induced selectively 
in visceral endoderm. No transformants were isolated in which 
the expression of YZE mRNA was either constitutive or detected 
in parietal endoderm. Thus we must conclude that the DNA in 
YZE is sufficient to confer tissue specificity, 

The major difference between the activation of the 
endogenous AFP and exogenous YZE mRNAs was the relatively 
low levels of YZE mRNA. Both mRNAs were detected by day 
7 of aggregation, but after day 7, the levels of AFP mRNA rose 
dramatically while YZE mRNA levels increased only 2-3-fold. 
It has been argued that there are two stages in the activation of 
AFP gene. expression; an initial. activation event that occurs 
during the organization of the visceral endoderm and a secon- 
dary induction that occurs after formation of the basement 
membrane***>. If this is the case, the YZE minigene construct 
contains the element(s) required for the initial tissue-specific 
activation but not for the subsequent induction. 

The mechanism underlying the second increase in AFP 
mRNA after day 7 has not been elucidated—it may occur via 
a selective stabilization of AFP mRNA, which is known to have 
a very long half life (60-120h) in visceral yolk sac’. In that 
case, the failure of YZE mRNA to accumulate could be due to 
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the absence of internal sequences necessary for stability, On the 
other hand, the second increase in AFP mRNA could occur via 
an increase in transcription rate, in which case the limit 










tion effects due to random integration and/or the absence. j 
regulatory sequences in the minigene, 

There is an interesting correlation between the number 
integrated copies of YZE DNA and the inducibility of YZ 
mRNA. Five of the six multiple-copy transformants induce ‘ Z 
mRNA in visceral endoderm whereas none of the six-low c 
number transformants is positive for YZE mRNA after diff 
entiation. There are at least three possible explanations fo 
correlation. First, it may be a dosage effect. In order tod 
YZE mRNA there must be multiple copies of the temp te 
compensate for very inefficient expression of the exogen 
template. However, there does not seem to be a firm correlatio. 
with copy number because the transformant that accumula 
the highest level of YZE 






















formants appears 
by digestion of genomic DNA with a restriction enzyme t 
cleaves the input DNA at a single site (data not shown). 
tandem arrays may serve to isolate the internal copies of i 
YZE templates from any repressing activity from the surroun 
ing chromosomal DNA, A third explanation may be related 
the fact that none of the low-copy transformants has integrat 
an intact copy of the 14kb of-3’ flanking YZE DNA wherea: 
at least several intact: copies are present i 


of integration of the DNA, may have a role in the extent. of 
inducibility of the AFP gene. 
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xtended radio continuum emission from the central region of our 
alaxy has been extensively studied in relation to diffuse Hí u 
ions near the galactic plane' using radio survey data” 
owever, since Kerr and Sinclair® called attention to a ‘jet’-like 
eature in the central region, no extensive research has been done 
n off-plane diffuse radio emission, which is characterized by radio 
purs at steep angles to the galactic plane. We report here a 
rominent off-plane radio lobe structure above the galactic nucleus, 
yhich has been revealed during a 10-GHz continuum survey of 
the galactic plane. 

-The observations were made in April 1983 using the 45-m 
elescope at the Nobeyama Radio Observatory (NRO)*. The 
alf power beam width (HPBW) was 2.6 arc min at the central 
requency of 10.5 GHz. The first side lobe level was below —20 D, 
vhich provided high dynamic range measurements. We used a 
cooled parametric amplifier combined with a Dicke switching 
ystem. The bandwidth was 500 MHz and the system tem- 
erature was 150K. We mapped a squared area of 4°x4° 
centred on the galactic centre by scanning in the direction of 
he latitude at an interval of 1.2 arc min. The integration time 
per beam area was effectively 1.4s. The two extreme edges of 
ach scan at b= +2° were taken as the zero levels. The data 
were reduced using the radio astronomical reduction system at 
he NRO. 

The 10-GHz continuum maps reveal spur structures emerging 
rom the galactic plane towards high latitudes®. The most promi- 
ent are the two at /=0.2° and at |= ~—0.6°, both extending 
owards positive galactic latitudes at steep angles to the galactic 
slane. They already appear in the previous surveys at lower 
requencies** 

We emphasize here that both the spurs bend convex with 
espect to the galactic centre and are connected to a radio arc 
itaround b = 1.2° to form an Q shape. Figure | shows the whole 
tructure, where the map has been smoothed to a 3.6 arc min 
HPBW. Figure 2 shows a grey-scale representation of the same 
egion at a 3arc min resolution, where a background smooth 
omponent of scale sizes >1° has been subtracted using a 
ackground filtering (BGF) method’, which enhances finer-scale 
structures. Figures 1 and 2 demonstrate that the two spurs form 
a giant Q-shaped radio loop—the GCL (galactic centre lobe). 
The geometrical centre of the lobe is at (1, b) = (—0.3°, 0.6°). Its 
_ angular diameter in the longitude direction is about 1.06°, which 
orresponds to a linear size of 185 pc at a 10 kpc distance. The 
eight of the lobe is about 1.2° from the galactic plane, or about 
10.pe; if the lobe is located at the galactic centre region. 

We emphasize that the lobe has steeper gradients of radio 
emission towards the outer edges. This is seen in Fig. 3 which 
shows a cross-section of the lobe along a line of constant latitude 
at b = 0.4°. Figure 3 also shows a cross- section along the same 
ine at 5:GHz taken from the Bonn survey’. The cross-sections 
show. a brightness distribution typical of a compressed shell. 
This may indicate that the lobe is a result of an explosive or an 
energetic outflow phenomenon. The cross-sections are well rep- 
resented by a superposition of two components: a lobe com- 
ponent with two sharp maxima and a smooth background com- 
ponent as indicated by the dashed lines. 

The background component has a steep spectral index a = 
+0.6'to —1 (surface brightness < v*), which indicates a nonther- 
< mal origin. On the other hand, the lobe component, after subtrac- 
tion of the background component, has a flat spectrum of 
*y=-0.1. Such a flat spectrum is not expected for a shell type 
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Fig. 1 A 10.5-GHz radio continuum map of the galactic centre 

region showing the whole structure of the GCL. The map has been 

convoluted to a 3.6 arc min HPBW gaussian beam. The numbers 

on contours are in unit of 5.77 mJy per beam of 2.6 arc min HPBW 
(=9.1 x 10°" Wm ?Hz7'sr7! = 2.7 mK Tp) 


supernova remnant (SNR), and we may exclude the possibility 
that the GCL is a nearby foreground SNR. The total flux density 
of the lobe component integrated at b > 0.2° is calculated to be 
132+10 Jy. The flat spectrum suggests a thermal (free—free) 
radiation from an ionized gas. If the lobe is composed of ionized 
Hit gas, we can estimate its electron density and mass. If we 
assume a temperature of 5,000 K, which has been derived for 
extended low-density H 1 disk’, the total mass of the ionized 
gas in the lobe is estimated to be 4 x 10° Mo. The mean electron 
density in the lobe is n, =5cm™?; the total thermal energy is 
~ 3x10% erg. If the gas is ionized by radiation, the number of 
UV photons required is ~10*'s7', about one-third of that 
required for ionization of the extended low-density H 11 disk 
around the nucleus’. 

The geometrical appearance of the GCL in wider area maps 
of the galactic centre region” “© strongly supports its association 
with the nuclear disk. We emphasize that the galactic plane at 
10°2 1= —10° is a region where strong radio sources are rarely 
found except for the nuclear region at 2°> {> —2°, The flat 
spectrum of the GCL suggests a common origin for the lobe 
gas and the extended low-density H 11 gas in the disk. To examine 
the association of high-velocity gases with the GCL, a survey 
of the CO line emission has been carried out using a 4-m 
millimetre-wave telescope at Nagoya University. Preliminary 
CO line data (I. Suwa, Y. Fukui, Y.S. and T.H., in preparation) 
show a possible association of a high-velocity (Visk ™ 
100 kms™') feature with the western ridge. Such a high velocity 
cannot be expected from the foreground and background gases. 
From these arguments we conclude that the GCL is probably 
associated with the nuclear disk. 

The southern extension of the GCL remains uncertain. 
However, Fig. | and a larger area map at 10 GHz (see ref. 6) 
show a possible connection of the eastern ridge with the ‘radio 
arc’ at [= 0.2°, b= 0°. In the larger area map, we can also find! 
a possible extension of the ridge towards the south reaching to 
(Lb) = (0.1°, ~0.8°), where the ridge is rather broad, We have, 
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Fig. 2. The same region as in Fig. | but on a grey scale. The 

background smooth structure with scale sizes > 1° has been sub- 

tracted from the original, so that the ridge structures are clearer. 
The map has been convoluted to a 3 arc min beam. 
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Fig. 3 Brightness distributions across the GCL at 5 and 10 GHz 
both in Jy per 2.6 arc min beam along a line at b = 0.4°, showing 
that the lobe has a cross-section typical of a shock-compressed 
shell. The background component, as indicated with the dashed 
lines, has a steep spectrum of a = -0.6 to ~~1, while the lobe 
component has a flat spectrum of a = —0.1. 


no clear southern extension associated with the western ridge, 
although we can see a small spur-like feature starting from a 
strong peak at (/, b)=(~0.6°, -0.1°) and extending to (—0.5°, 
—0.3°). To see the situation more clearly, however, we need 
higher resolution observations of the region close to the galactic 
plane. 
We propose the following possible formation mechanisms for 
the origin of the GCL. 
(1) Channelled exhaust from the nuclear disk: a shock wave 
produced by an explosion or an energetic outflow of matter 
from the nuclear region will be channelled in the direction 
perpendicular to the galactic disk®. If the distribution of gas in 
the disk is anisotropic, the flow will be channelled in a one-sided 
cone and blown off into a less-dense side, resulting in an Q- 
shaped Jobe. To blow off the gas of mass 4x 10° Ms to the 
height of 100-200 pc of the galactic plane requires the explosion 
‘energy to be = 10°! erg. If the expansion velocity is comparable 
to that of the high-velocity CO gas, the explosion energy will 
be of the order of 10°* erg, far larger than that of a single 








supernova. A channelled exhaust can also be produced by a 
magnetic field running perpendicularly to the disk and to the 
existence of an accreting gas disk’: the accreting gas twists the 
magnetic lines of force, and the twist propagates along the field, 
with which the ionized gas is accelerated to produce a cylindrica 
outflow perpendicular to the disk plane, reproducing the GCL 
shape (Y. Uchida and K. Shibata, in preparation). 
(2) Galactic loop prominence: inflation of a giant loop of ma 
netic tube filled with ionized gas, similar to a solar loop prom 
nence, may produce an 0-shaped lobe in the halo. The inflatio 
may be triggered by the Parker-type instability in.a magnetize 
nuclear disk in the presence of cosmic rays. In this case, th 
magnetic energy should be comparable with, or greater than th 
thermal and gravitational energy of the gas involved in'the lo 
This leads to a field of +20 pG: 
Off-plane radio structures perpendicular to galaxy disks h. 
been observed in the central regions of several edge-on sp 
galaxies'”'''. In particular, the radio lobe found in the centre 
region of NGC3079 suggests inflation of magnetic bubbles fr 
the nuclear disk into the halo''. The Q-shaped lobe in our Gala) 
may be a similar phenomenon, although on a different scale 
the linear size of the GCL is ~200 pe, while those in the other 
spiral galaxies are ~1-3 kpc. Such a channelled exhaust perpen 
dicular to the galaxy disk or a.*cosmic jet’, of various scal 
likely to be a common phenomenon associated with active nucle 
of spiral galaxies including our own Galaxy. 
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A search has been made for optical pulses from the 1.6-ms pulsa 
PSR1937 +214, using the 3,9-m Anglo-Australian Telescope 
(AAT). Despite previously reported indications’ of pulsed emission 
at this period from the red star discussed by Djorgovski”, we now 
believe the results of the search to be negative with an upper limi 
on the R magnitude of the pulsed emission of ~25. Furthermore 
astrometric observations show that the red star is displaced about 
2.4 arcs north of the pulsar position and, hence, that it is likely 
to be a chance association. a 
Optical pulses have previously been detected from the Crab - 
pulsar? and the Vela pulsar,’ both of which have relatively short | 
periods, 33 and 89 ms respectively. The relative luminosity of! 
the optical emission from these pulsars is approximately in: 
accord with the relation proposed by Pacini®, Lc B3P!. where 
Lis the optical luminosity, By is the surface magnetic flux densi 
(a dipole field structure:is assumed) and P is the pulsar 















able L Star positions from the AAT-CCD image (FK4 system) 





Position (1950) 
RA Dec 


ference positions from 


19h 37m 29.695  +21°27 16.3" 


_ Djorgovski’s star 19 37 2878 +21 28 03.3 
Reference positions from 
UKSTU plate 
Star A 19 37 29.69 +21 27 16.9 
Djorgovski’s star 19 37 28.80 +21 28 03.7 
sar VLA position 19 37 28.72 +21 28 01.3 
ilsar timing position 19 37 28.722 +21 28 01.45 


The millisecond pulsar®, PSR1937 +214, has the very short 
riod of 1.558 ms, a factor of 20 less than that of the Crab 
isar, This, together with the strong period dependence in 
cini’s relation, immediately suggested this pulsar as a strong 
candidate for optical pulse searches. On the basis of approximate 
sitional coincidence, Djorgovski’ suggested as a candidate 
for the pulsar a red star of approximately 20th magnitude. 
Enthusiasm for searches for optical pulses was tempered by the 
observation’® that the pulsar has a very small period derivative, 
P/dt~107'°, and hence relatively small magnetic field, By = 
5x 10° G. From Pacini'’s relation, the ratio of optical luminosities 
for the millisecond and Vela pulsars is Ly937/ Lveta™ 75. 
However, the millisecond pulsar is more distant than the Vela 
ulsar, with estimates varying from 2.5 kpc, based on the disper- 
on measure’, to 5 kpc, based on neutral hydrogen absorption 
observations’. For the smaller distance, PSR1937 +214 and the 
Vela pulsar might be of comparable apparent brightness; 
1owever, if the larger distance is correct then, including the 
effects of interstellar extinction, PSR1937 +214 would be about 
six magnitudes fainter. 
Time-resolved observations were made using the 3.9-m AAT 
six nights in 1983, 20-21 April, 15 May and 3-4 August. For 
e April and August observations a photometer system having 
GaAs photocathode was used directly at the f/15 Cassegrain 
focus. On 15 May a similar photometer system was used at the 
{/8 auxiliary Cassegrain focus. Most observations were made 
ith a red (OG590) filter; a B filter was used for one observation 
on 20 April and for one observation on 4 August there was no 
filter. The aperture size was 3.5 arcs for all observations. The 
data recording system was that described by Jones et al.'°. A 
specially built ‘photon event timer’ accepts 1 Hz and 1 MHz 
ference signals from the observatory clock and pulses from 
the photometer. The clock signals control a counter which is 
fobed out to a Camac FIFO module whenever a photon event 
‘detected. The instrument control computer reads the photon 
rrival times from the FIFO and writes them on to magnetic 
pe in a compressed form, along with other timing information 
hich defines the absolute UTC of each detection to -ps reso- 





‘or the April and May observations the observatory clock 


was aligned to usin chronization system based on 
television transmissions. Unfortunately it was subsequently dis- 








covered that there were problems with the synchronization sys- 
tem, and so UTC times for these sessions.are uncertain, The 
clock stability was sufficient to integrate each observation but 
the epoch was sufficiently uncertain to prevent synchronization 
of observations made on different nights. For the August 
observations, the observatory clock was replaced by a Rb stan- 
dard aligned to UTC to better than 5 ps. 

In both on-line and off-line programs, the data were binned 
synchronously with the pulsar period using a barycentric pulsar 
ephemeris derived from radio timing observations (A. G. Lyne 
and J. H. Taylor, personal communications). Photon arrival 
rates were also converted into an analogue signal which was 
monitored on a chart recorder and also supplied to the telescope 
control computer for use in an automatic aperture centering 
program. 

The telescope was positioned by centering the aperture on 
star A in Djorgovski’s nomenclature and offsetting to the desired 
position. An autoguider was then used to maintain the telescope 
tracking. The initial centering of the aperture was accurate to 
0.2 arcs and the offsetting was accurate to 0.1 arcs. 

Astrometric measurements were made from glass copies of 
the Palomar Sky Survey E plates, a short (30-min) exposure on 
a HlaF plate (RG630 filter) from the UK Schmidt Telescope 
Unit (UKSTU) which was centred on the field, and a Charge 
Coupled Device (CCD) image of the field taken by I. M. 
McHardy and B. A. Cooke on 15 April using the AAT. The 
CCD image, shown in Fig. 1, was taken with a red filter, giving 
it an effective spectral response similar to that of the GaAs 
photometer system. The primary reference frame was deter- 
mined from measurements of 10 SAO stars on the Palomar and 
UKSTU plates and the secondary reference frame on the CCD 
image from measurements of 21 stars. Positions obtained for 
star A and the candidate star are given in Table 1. We note that 
our positions for the secondary reference stars agree well with 
those of Condon (see ref. 2), with the exception of star D, which 
apparently has a large proper motion. We believe that errors in 
the positions based on the UKSTU plate are <0.5 arc s and are 
probably dominated by uncertainties in the primary reference 
frame. Substitution of AGK3 positions for the primary reference 
stars made no significant difference to the derived positions. For 
comparison, radio positions. of the pulsar from Very Large Array 
(VLA)° and timing (J. H. Taylor, in preparation) measurements 
are also given in Table 1. 

Djorgovski’s star appears brighter relative to other stars on 
the CCD image than it does on the Palomar E plate. However, 
an 85-min exposure on a IIlaF plate through an RG630 filter 
taken by the UKSTU on 26 September 1983 shows no evidence 
for any change and hence suggests that the apparent difference 
is due to the differing spectral responses of the CCD camera 
and the photographic plates. Observations on 20 April gave a 
photometer count rate of 110+3 Hz for this star, which corre- 
sponds to an R magnitude of 18.90+0.03 after correction for 
0.03 mag of extinction. 

The derived position for Djorgovski’s candidate star is 0.08 s 
east and 2.4 arcs north of the VLA radio position. It disagrees 


Table 2 Observations and magnitude limits for pulsed emission from PSR1937 +214 





i Date 1983 Position Filter 
20 April Djorgovski's star Red 
20 April VLA position Blue 
21 April Djorgovski’s star Red 
1S May Djorgovski's star Red 
15 May VLA position Red 

3 August Djorgovski’s star Red 

3 August Timing position Red 

4 August Timing position None 

4 August 


Timing position Red 


Seeing Observing time 

(ares) (min) Magnitude limit 
3.5 31 24.9 
4.0 36 25.2 
4.0 77 25.4 
2.5 54 24,7 
2.5 32 24.5 
3.5 103 25.0 
3.5 79 25.0 
3.5 149 26.3 
3.0 65 25.2 





Fig. 1 Red-sensitive CCD image of 
the PSR1937 +214 field from AAT 
observations on 15 April, 1983. 
North is up, east is to the left and 
the region shown is about 85x98 
arcs, The astrometric reference star 
A is indicated, the cross marks Djor- 
govski’s candidate star, and the circle 
indicates both the aperture size and 
the position used as reference when 
determining the magnitude of the 
candidate star. 


with the position offsets given by Djorgovski?, which place the 
candidate star 0.11 s east and 1.5 arc s south of the VLA position. 
An independent measurement of the radio position has been 
obtained from pulse timing observations; after allowance for 
the E-terms of aberration, the timing position is within 0.2 arcs 
of the VLA position. It seems very unlikely that Djorgovski’s 
star is associated with the pulsar. It is probably a red giant"! 
There is no star to the CCD image limit at the radio position. 

The observations and results are summarized in Table 2. 
Limits on the magnitude of the pulsed emission are derived 
assuming a pulse duty cycle of 0.125. For the April observations 
the magnitude scales are based on observations of star no. 8 in 
the sequence of Graham? and for the May observations on star 
E7/S of Graham’. For the August observations star A was used 
as a secondary reference. The R magnitude of this star, deter- 
mined on 15 May, is 14.4. The no-filter observation of 4 August 
was calibrated by taking the V magnitude of star E7/S (ref. 13) 
and correcting for the poorer seeing at the object zenith distance. 

There is no evidence for pulsations at the predicted pulsar 
period in the data from the August observations. As the timing 
system was reliable and observing conditions were reasonable 
on those nights, we conclude that the pulses observed in the 
earlier sessions were spurious and that there is no evidence for 
optical pulsed emission from either Djorgovski’s star or the 
pulsar position. The coincidence of pulse features on 20 and 21 
April which led to our earlier conclusion of significance’ was 
based on incorrect clock data and disappeared when corrections 
for clock errors were made, although there still remains some 








doubt about the reality of these corrections. Scans in period 
about the nominal value show that the pulse features observed. 
in data recorded on 20, 21 April and 15 May individually are: 
of low significance, 

The best limits given in Table 2 for the magnitude of the. 
pulsed emission correspond to a detected photon rate of 
~0.2 Hz. If we assume an overall detection efficiency of 5%, a 
distance to the pulsar of 5 kpc (ref. 9), interstellar absorption 
of 1.5 mag kpe™', and that the pulsar beams into a cone of width 
45° (corresponding to the 0.125 duty cycle assumed above), the 
the limit on the luminosity of the pulsar is ~10°? erg s™!. With 
the same beaming assumptions, a distance of 0.5 kpc, no absorp- 
tion, and a detected photon rate of 2 Hz (ref. 14), we find that 
the luminosity of the Vela pulsar is about 10% erg s~'. Pacini 
and Salvati'* predict a luminosity of ~ 10° erg s™' for PSR1937 + 
214, that is about two orders of magnitude below our upper 
limit. However, their value for the observed luminosity of the 
Vela pulsar is about an order of magnitude larger than the value 
given above, presumably because of different assumptions about 
the beaming. This would suggest that our upper limit is even 
further above their prediction. If the pulsar is as distant as 5 kpc, 
it is impossible to reach the predicted level, at least from ground- 
based observations. 

We thank I, M. McHardy and B. A. Cooke for the CCD image 
of the PSR1937 +214 field, the UKSTU for taking the two plates: 
of the field, A. G. Lyne and J. H. Taylor for unpublished timing. 
data for PSR1937 +214, and I. K. Harvey, J. S. Thorn and P. R 
Dencher of the CSIRO Division of Applied Physics for 














iding the Rb time standard for our August observations. 
Ve also thank the director of the AAT for allocating observing _ 

me on 15 May and D. L. Jauncey and his colleagues for trading 
sbserving time with us in August. Software produced by the 
ERC Starlink project was used to reduce the CCD observations. 
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‘or an observer on Earth the general theory of relativity (GR) 
edicts an apparent outward displacement of a star seen at the 
sun’s limb of 1.75 arcs. A generalized formulation for gravita- 
tional deflection of light’ includes a parameter y which ranges 
rom 1 (GR) to —1 (no deflection). Early total eclipse measure- 
ents” constrained y by 20-40%, permitting alternative gravita- 
ional theories (for example, ref. 3). Radio interferometer measure- 
ments of deflections of extragalactic objects** and timing measure- 
ments of spacecraft signals“ have all been consistent with GR with 
increasing accuracy. We now report the most sensitive measurement 
of deflection so far achieved, in which very long baseline inter- 
‘erometry (VLBI) observations yield a value of y of 1.008 with a 
1 o formal standard error of 0.005. 
~The observations reported here were collected under the aegis 
of projects MERIT’ (Monitor Earth Rotation and Intercompare 
the Techniques of observation and analysis), POLARIS*? 
POQLar-motion Analysis by Radio Interferometric Surveying), 
ind. IRIS'° (International Radio Interferometric Surveying). All 
of these projects involve the application of VLBI to geodesy, 
nd specifically to the monitoring of polar motion and Earth 
tation, and to the development of a global geodetic network 
study plate tectonics. The observing schedules were not plan- 
ned to optimize determination of y. In fact, it was fortuitous 
that three of the radio sources used in these programmes hap- 
ned to-lie near the ecliptic, and therefore had very small Sun 
angles during certain times of the year. It was also fortunate 
hat the observations were all dual frequency (X and S band), 
enabling us to remove the effects of the solar corona as well as 
the Earth’s ionosphere, that the observations were well dis- 
tributed in right.ascension and declination and that very nearly 
the same sources were observed throughout the 40-month span 
of the data. We were, therefore, able to obtain an excellent 
estimate of y from a set of observations that was collected for 
a quite different purpose. 
The data set consists of 41,236 delay and delay-rate observa- 
ions collected during 163 observing sessions conducted between 
September 1980 and January 1984. Twelve observatories in the 
“United States and Europe participated in the programme, 











hough most observations used only the 3, 

ferometer formed by the Westford Observatory i in "Massachiisetts 
and the G.R. Agassiz Station (GRAS) in Texas. All of the 
observatories have the Mark III VLBI system’ of instruments. 
The observing sessions were typically 24h in duration, with 
each interferometer collecting 100-200 delay observations per 
session. The r.m.s. scatter of the delay residuals about the mean 
for each session is typically 100 ps. About 14 radio sources were 
observed in each individual session, and the full data set includes 
observations of 20 sources. Of these, two (3C273B and 0106 + 
013) are about 5° away from the ecliptic, and one (0J287) is 
about 2.6° away from the ecliptic. A fourth source (0235 + 164) 
is only about 1° from the ecliptic, but this source proved to be 
too weak to produce reliable fringes and was dropped from the 
observing schedules without ever having been observed close 
to the Sun. 

The distribution of the observations as a function of Sun angle 
is shown in Fig. 1, with the Sun angles divided into 1° bins. Out 
of the 41,236 delay observations, 184 were made at Sun angles 
<10° and 26 were made at Sun angles of <5°. The observations 
closest to the Sun were made in early August 1982 and 1983, 
when 12 observations of 0J287 were made at ~3° from the Sun. 
The magnitude of the gravitational deflection for these points 
is of the order of 150 m arcs. 

The curve in Fig. | shows the magnitude of the gravitational 
deflection as a function of Sun angle with y set to 1. The 
deflection changes rapidly near the Sun, but then levels out and 
is still larger than 4 ms as far as 90° from the Sun. The deflection 
does not drop to 0.2 m arc s, which is the level of the | ø formal 
errors for the source coordinates estimated from combined sol- 
ution, until the Sun angle reaches 175°. In other words, the 
precision of the VLBI observations is so high that the deflections 
caused by the solar gravitational field are significant virtually 
everywhere in the sky. The apparent displacements of the sources 
by the solar gravitational field thus have periodic signatures, 
with | yr periods. These periodic signatures decrease the correla- 
tion between the parameter y and other parameters in the 
solution, especially the source coordinates. 

The correlations between y and the other parameters in our 
solution are remarkably small. The largest correlation is between 
y and the right ascension of the source 2134+00, with a 
coefficient of only 0.11. Several other source right ascensions 
were correlated with y at about this same level. The largest 
correlation with a station coordinate involved the x coordinate 
at GRAS, and had a value of 0.025. The correlations between 
y and the clock and atmosphere parameters were also quite 
small. The coefficient values ranged from ~0.05 on days in 
which a source was close to the Sun, to about 0.005 on days in 
which no source was close to the Sun. These extremely small 
values of correlation coefficients imply that the usual sources 
of systematic errors affecting VLBI observations (such as atmos- 
phere and clock effects and station and source coordinate errors) 
will not significantly contaminate our estimates of y. 

Neutral atmosphere effects on the observed delays have been 
removed by a two-stage process. First, a model based on surface 
measurements of temperature, pressure and humidity was used 
in the fitting process. Second, the VLBI observations themselves 
were used to estimate a small additive correction term to the 
model. The remaining atmospheric errors are believed to be at 
the level of <1 mares. Despite their small correlations, these 
errors may very well be the dominant source of systematic error 
in our estimate of y. 

Another possible source of systematic error involves:the effect 
of possible errors in the nutation model used in reducing the 
observations. Our reductions used the IAU 1984 standard nuta- 
tion model, based on the work of Wahr’*. Errors in this series, 
especially errors with a period close to | yr, could perturb the 
source coordinates in a manner which correlates with the effects 
of gravitational deflection. Preliminary estimates of the correla- 
tions between y and daily nutation angle parameters indicate 
that the magnitude of these correlations will be similar to that 
of the clock and atmosphere parameter correlations. ~ 
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Fig. 1 Histogram showing the Sun 
angle distribution of the- VLBI 
observations. The observations 
have been collected into 1° bins for 
plotting. The smooth curve shows 
the expected deflection of the 
source position in m arcs, calcu- 
lated for y= 1. The deflection is 
large enough to be detected as far 
as 175° from the Sun. 
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The refraction caused by the solar corona at.3° from the Sun 
is ~2-7 ms at X-band, depending on the level of solar activity’. 
The larger value is ~5% of the gravitational deflection. The 
percentage decreases rapidly at larger Sun angles because the 
coronal refraction decreases approximately as- the square of the 
Sun angle while the gravitational deflection decreases nearly 
linearly. Like the Earth's ionosphere, the coronal refraction is 
dispersive, varying inversely with the square of the observing 
frequency, The technique of making simultaneous: observations 

; at widely separated frequencies (X and S band), implemented 
primarily to address. the ionospheric refraction, served equally 
well to remove the coronal refraction effects, obviating the use 
of corona models. with their attendant systematic errors. 

The observed data were combined in a least-squares adjust- 
ment to determine y. In addition to y, the parameters in the 
solution included all of the source coordinates (except the single 
source right ascension which served to determine the origin of 
right ascension), baseline coordinates, polar motion and Earth 
rotation, parameters, clock error coefficients. and atmosphere 
zenith delay parameters. The value of y which resulted from 
this solution was 1.008+0.005. The quoted uncertainty is the 
1 o formal standard error based’ on observation weights which 
have been adjusted so that the r.m.s. value of the weighted 
residuals is close to unity. Although this value of y is slightly 
more than | ø larger than the value predicted by the general 
theory of relativity, we do not believe that the difference is large 
enough to constitute a serious discrepancy from that prediction. 
The remaining systematic errors in the solution could be at least 
as large as the expected statistical errors. 

To test the sensitivity of this determination to changes in the 
set of parameters used in the least-squares solution, we ran 
solutions with the source coordinates and station coordinates 
fixed, and solutions with the Earth tide Love numbers adjusted. 
None of these changes affected the formal error of the determina- 
tion of y by more than. 0.0001. The only change which affected 
the value of y by more than | o was fixing the source coordinates 
at their a priori values, some of which were as much as 15 formal 

standard errors away from their adjusted values. This change 

<>: Caused the estimated value of y to increase by about twice its 
formal standard error. The determination of y, therefore, seems 
| -to be fairly stable against reasonable changes in the selection 

`of the set of parameters to be adjusted, although our set of 

n “a@ priori. source coordinates apparently needs some refinement: 
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To test the sensitivity of the solution to the distribution 
observations in Sun angle, we. ran a solution which includ 
only those days containing a source within 10° of the Sun: 
solution included only 23 observing sessions, with 6,570 0 
41,236 observations. The resulting value. of y was 1,016 + 0.008 
about one formal standard error away from our combined 
ution result. Thus, although we can come close to-‘our combin 
result with only 15% of the data, the remaining 85% ca 
seen to contribute substantially to the determination: of ye 

This is the most sensitive measurement yet made of the defle 
tion of electromagnetic radiation by the solar gravitational fie 
Although the precision of the determination of y:is not as go 
as that obtained from the spacecraft tracking time. delat 
measurements, it is important because it is totally indepen: i 
of that result, and has few, if any, common sources of systemati 
error. An even more important feature of this determinatio 
that it was obtained as.a by-product of a continuing observa 
programme. The measurements will continue to amass throu 
the foreseeable future, and thus the precision of the determ 
tion of y will continue to improve slowly. In. addition, substantia 
improvements are expected in the measurements in the nea 
future: for example, two new observatories located in Florid 
and the FRG have just begun to participate regularly in i 
observations. The station in-the FRG is particularly import 
because it greatly increases the number of observations obtain 
with long (6,000 km) USA-Europe interferometers. Also, su 
stantial improvements are expected in the signal-to-noise rat 
of the raw observables as the stations become equipped w 
more sensitive receivers later this year. The increased sensitivi 
will allow us to obtain reliable data at even smaller Sun angle: 
than is presently possible. Also, as. we noted above, no effo; 
has been made thus far to optimize the collection of data ai 
small Sun angles. It will be possible to do so in the future, fo: 
example, by increasing the duration of the observing scans clos 
to the Sun, without significantly perturbing the primary objec 
tives of the geodetic programmes. In particular, we should b 
able to obtain- a great deal of coverage on very long baseline: 
for the conjunction of 0J287. with the Sun in August 1984. Ir 
addition, the source 0229 + 131 is only ~1.5° from the eclipti 
plane and has recently been shown by a NASA survey experi. 
ment to be very strong even when observed with transcontinental - 
baselines (D. B. Shaffer; personal communication). It will be 
added to our observing programme in time for its conjunctia: 











he Sun in May 1984. It should, therefore, be possible to 
improve this determination of y in the future at virtually no cost. 
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Since the advent of the continental drift hypothesis, changing 
continental geometries have been proposed as an explanation for 
pane temperature varlability’~’. The climatic influence of a 
f alle sr past geographies has been investigated quantita- 
yt 10-12 but these studies do not indicate the potential tem- 
perature variability due to continental positions. This problem has 
been examined only with simple climate models having limiting 
assumptions such as no cloud cover“. Here idealized continental 
geometries are used as boundary conditions in a simulation using 
a general circulation model (GCM) of the atmosphere. The range 
in model simulated globally-averaged surface temperature is 7.4 K 
th a difference in polar surface temperature of up to 34 K. The 
mulations suggest a substantial climatic sensitivity to continental 
positions with the coldest global climate when land masses are in 
high latitudes. Although the simulations have not captured theor- 
etical limits of climatic variability due to continental positions, 
present-day geography is near the cold end of this spectrum. 
Two idealized continental geometries based on present-day 
total land area, a tropical land belt 17°N to 17°S and polar 
nd ‘caps’ from 90° to 45° N and S, are used as extreme limits 
‘continental configurations in the community climate model 
CM), a spectral GCM at the National Center for Atmospheric 
esearch (NCAR), In addition, the polar land case is considered 
ith and without polar ice caps (permanent snow cover with 
o thickness) extending equatorward to 70° of latitude. In each 
se the continental elevation is specified at 750 m, the present- 
day average value of ice-free continents. Each experiment is 
en a single variable sensitivity experiment involving either the 
continental position of an ‘average’ global continent or the 
presence of permanent snow cover. 
“The characteristics of the CCM and the validity of present-day 
imulations compared with observations have been well docu- 
mented elsewhere! ™", Briefly, the model has a resolution of 
4.5° in latitude and 7. 5° in longitude with nine levels in the 
vertical. The model includes predictive cloud cover’? and a 
predictive hydrological cycle including evaporation, precipita- 
tion and snow cover. The version used here is forced by 
Specified mean annual insolation and predicts sea-surface tem- 


peratures using an energy balance ocean with no ocean currents 
or heat capacity but which is a moisture source” . Although not 
a complete model of the climate systern, this model i is well suited 
for examining first-order climate problems. 

Figure la gives the zonally-averaged surface temperatures for 
the model simulations with idealized continental geometries. 
The case with a tropical land belt has a model-simulated 
globally-averaged surface temperature of 295K. Zonally- 
averaged polar surface temperatures are several degrees above 
freezing. In comparison, the polar continent simulation is cooler 
at almost every latitude with a maximum cooling of 12 K at the 
poles. The difference in globally-averaged surface temperature 
between these two cases is 4.6K. The presence of a tropical 
land mass suppressed tropical precipitation relative to the polar 
land mass case, so that the differences in evaporative cooling 
resulted in a cooler tropical surface temperature (~5 K) in the 
polar land case. The addition of a high albedo ‘permanent snow’ 
surface on land poleward of 70° in latitude resulted in an 
additional 2.8K  globally-averaged surface temperature 
decrease. Cooling occurred at every latitude, but predominately 
in the polar regions above 70° latitude. The addition of per- 
manent polar snow accounts for ~38% of the total 7.4° globally- 
averaged surface temperature difference between the polar and 
equatorial idealized continent experiments. 

These numerical experiments suggest that changing geogra- 
phy has the potential to be a substantial climatic forcing factor 
and one which has probably played a substantial role during 
the Earth's history. Note, however, that although past realistic 
geographies approached these extremes they were never fully 
realized. The record of palaeoclimates also suggests a much 
greater climatic variability during the past 600 Myr (ref. 19) than 
achieved in the idealized continental simulations. If the sensitiv- 
ity of the model is appropriate then our results imply that other 
forcing factors in addition to continental positions have been 
important during Phanerozoic time. At present, it is unclear 
whether an explicit ocean heat transport formulation and a 
seasonal cycle would substantially alter the model sensitivity to 
continental positions. 

The results described here also confirm the suggestions’ 1-7 that 
an increased area of land at high latitudes results in colder 
global climates. The explanation is that land area at high lati- 
tudes represents a surface for the accumulation of high albedo 
snow. The role of mid-latitude continents has not been directly 
investigated. Previously it has been suggested that the increased 
area of subtropical deserts, because of their high albedos, may 
also have been an important climatic influence in the Tertiary 
global cooling trend®. However, recent experiments’? suggest 
that increased cloud cover and evaporation over a subtropical 
ocean surface compensate for the higher albedo of a desert 
surface. Although subtropical land areas may have an important 
effect on atmospheric factors such as poleward transport of 
moisture, they have a lesser role in terms of albedo effects and 
should represent an intermediate case between the two extreme 
continental configurations investigated here. 

Results for the identical model version with present-day 
geography and orography” are given in Fig. 1b in comparison 
with the temperature limits derived from the idealized continent 
simulations. Present-day geography is near the cold end of the 
range of the potential variability of the idealized continent 
simulations. The present-day climate is also near the cold end 
of the spectrum of palaeoclimates interpreted from the geologi- 
cal record, These results emphasize the important role of 
palaeogeography during the Earth's history. In the present-day 
simulation two latitude zones are cooler than the polar idealized 
continent case: poleward of ~70°S and between 25 and 45° N, 
In each case, these differences are due to topographic effects, 
particularly for Antarctica and Tibet. 

The idealized continent simulations have not captured true 
climatic limits due to geographical variables. The simulations 
have neglected changing land—sea areas, possible effects due to 
multiple continents as well as topographic variability. For in- 
stance, average topography (750 m) in the polar land case vould 
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Fig. 1 a, Mean annual zonally-averaged. surface temperatures 
with respect to latitude for the idealized continent simulations with 
all land in the tropics, all land at the poles and all land at the 
poles with permanent ice specified for land area greater than 70° 
in latitude, Bars at the top illustrate the latitudinal extent of land 
in the simulations. b, Mean annual zonally-averaged surface tem- 
peratures fora model simulation with present-day geography which 
‘compares favourably with observations, in comparison with the 
temperature limits (solid lines) in a. 


enhance the areal snow cover in comparison with a more typical 
balance of high and low topography. Conversely, the lack of 
ice cap relief is likely to result in polar temperatures which are 
too warm, Plausibly, the interactions of the atmosphere and 
ocean with ‘unique’ distributions of multiple continents could 
produce substantially warmer or cooler global temperatures than 
the cases described here. Although the cases considered are 
undoubtedly extreme, there is no simple means of determining 
absolute theoretical limits of climate sensitivity to geographical 
variables. This difficulty combined with obvious model deficien- 
cies such as the lack of seasonal variations and heat transport 
by ocean currents. prevent us from describing maximum and 
minimum global temperatures achievable through possible 
changes in the Earth's palaeogeography. However, the results 
clearly illustrate the potential of continental distribution as a 
forcing factor for global-scale temperatures. 
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The continental crust has ultimately been extracted from the 
mantle and knowledge of its composition is therefore fundamental 
to an understanding of the chemical evolution of the. Ea 
Attempts to model its average chemistry are complicated 
marked vertical and lateral chemical and litholog 
heterogeneity'™— and by problems of sampling the deeper levels 
the crust. We have adopted a different, empirical, approach to. 
and take account of geophysical and isotopic constraints by co 
sidering the major and trace element chemistry of compone 
which are typical of various crustal levels and ages, Our estima! 
differs from that of the ‘andesitic’ model in being more siliceo 
and having a more fractionated rare earth element pattern, 
higher Th, U and K contents generate a higher heat productio 
of 0.954Wm™ compared with previous estimates of 0. 
0.91 pW m. Mele 
Previous estimates of the major element composition of th 
continental crust derived by various means** are given in Tab 
1, These estimates suggest that the continental crust has a 
intermediate chemical composition. More recent attempts 
estimating the composition of the crust have centred around 
model”? which considers that the dominant mechanism | 
crustal growth occurs through the accretion of island are 
continents, and that the average composition of recent islan 
arc andesites can be used to approximate the bulk compositi 
of the continental crust. The composition so derived is given i 
Table 2, ; 
We have attempted to develop a model for the compositio. 
of the continental crust which takes into account: (1) the geoph, 
sical evidence for the gross structure of the continental cru: 
(2) isotopic evidence for the rate of crustal growth with tir 
and (3) the chemistry of known components of the continent 
crust. We will briefly justify the basic tenets of our approac’ 
before deriving a crustal estimate. ie 
Isotopic evidence suggests a diminishing rate of (episodic 
crustal growth since the formation of the earliest continent 
crust ~4,000 Myr ago”, such that by the end of the Archaea 
(2,500 Myr ago) as much as 75-85% of the present volume 
the continental crust may have been in existence'**° $ 
Geophysical models based on both seismic and heat flow dat: 
stress the vertical and lateral heterogeneity of the continent: 
crust”, Seismic data indicates that the mean composition o 
the bulk continental crust approximates to quartz diorite o 
granodiorite*, Heat flow modelling?’ suggests that the deepe 
levels of the continental crust must be severely depleted 
radioactive heat-producing elements relative to the abundance 
observed in the upper. crust. Thus, a considerable proportion 





Table 1 Estimates of the major element composition of the continenti 





crust 

Ref.4 = Ref. § Ref, 6 Ref. 7 Ref. 8 
SiO, 61,9 63.1 60.2 61.9 62,5 
TiO, LI 0.8 1.0 0.8 0,7 
AlO; 16.7 15.2 15.6 15.6 15.6 
Fe,0, 7.7 6.7 19 6.9 6.1. 
MnO — ~ 0.1 0.1 0.1 
MgO 3.5 31 39 3.1 3.2 
CaO 34 41 5.8 5.7 6,0 
NaO 2.2 3.4 3,2 3.1 3.4 
K,0 4.2 3.0 2.5 29 23 
PO; oe a 0,2 03 0.2 


gs 

















Post-Archaean 








Archaean Average 
middie and continental: crust 
Upper crust* Middle crust? Lower crust? lower crust§ This paper Ref. 10 
66.0 66.7 61.2 59.2 63.2 58.0 
0.6. 0.3 0.5 0.9 0.6 0.8 
16.0 16.0 15.6 17.2 16.1 18.0 
4.5 3.2 5.3 6.1 4.9 NS 
0.08 0.04 0.08 0.12 0.08 0.14 
2.3 14 3.4 3.4 2.8 3.5 
3.5 3.2 5.6 5.9 4.7 7.5 
3.8 4.9 4.4 4.0 4.2 3.5 
3.3 2.1 1.0 2.4 2.1 1.5 
0.17 0.14 0.18 0.27 0.19 
35 32 88 45 56 55 
20 20 58 27 35 30 
110 74 11 66 61 42 
350 580 569 601 503 400 
700 713 757 605 707 350 
10.5 8.4 0.42 6.0 5.7 4:8 
2.5 2.2 0.05 1.25 1.3 1.25 
15 22 13 12 15 10 
240 193 202 181 210 100 
5.8 3.8 3.6 5.8 4.7 3.0 
25 6 5 10 13 H 
30 36 22 29 28 19 
64 69 44 6l 57 38 
26 30 18.5 23 23 16 
4.5 44 3.3 4.9 4.1 3.7 
0.88 1.09 1.18 1.29 1.09 Li 
0.64 0.41 0.43 0.65 0.53 0.64 
0.33 0.14 0.19 0.25 0.24 0.32 
2.2 0.76 1.2 1.5 1.53 2.2 
0.32 0.1 0.18 0.24 0.23 0.30 
22 9 7 15 f4 22 
8 3 9 4 
249 236 755 302 286 296 
0.314 0.128 0.019 0.110 0:121 0.105 
7.4 23 9.3 10.3 9.5 44 



























* Upper crust composition is from ref. 10. 
ratio of 3.8 (ref. 10)-and the Lu’ value is obtained by extrapolation. 


tained by extrapolation. 
§ The post-Archaean middle and lower crust composition is that of an 


erage! 


deeper levels of the crust must be composed of refractory 
lite-facies ‘material, 

‘On the basis of these observations we make the following 
mptions in estimating the composition of the continental 





That 75%. of the volume of the present continental crust had 
‘generated by the end of the Archaean, and that the compo- 
ion of this crust is best approximated by average analyses of 
haean terranes. 

That the dominant mechanism for crustal growth in the 
st-Archaean has occurred through magmatism at cordilleran- 
ne continental margins, where andesitic/tonalitic composi- 
ns are the dominant rock type. 

selecting compositions representative of the various crustal 
mponents we have taken the average upper crust estimate of 
ylor and co-workers” as being typical of the upper one-third 
continental crust of all geological ages. The model takes only 
irect. account of the sedimentary component of. the crust, 

Which is assumed to entirely represent recycled juvenile crustal 





f Middle crust composition is that of Archaean Lewisian amphibolite facies gneisses from ref. 27. The U content is calculated using a Th/U 


+ Lower crust composition is that of Archaean Lewisian granulite facies gneisses from ref. 28. The U value is from ref. 37 and the Lu value is 


average continental margin orogenic andesite, Trace element data (and K,O, 


QO; and PO, data) are from the average Andean andesite in ref. 25. Major element data are for the average Andean andesite from ref. 24, Table 1. 
kin calculating an average crustal composition itis assumed that the proportions of upper, middle and lower crust are 2:1:3. The upper crustal 
© is presumed to be representative of upper crust of all geological ages. The middle and lower crust are presumed to be composed of 75% 
haean material and 25% post-Archaean material (represented by the average orogenic andesite of column 4). Thus the relative weightings for 
per crust, Archaean middle crust, Archaean lower crust and post-Archaean middle and lower crust become 8:3:9:4. 


material. For the post-Archaean middle and lower crust we have 
used an average continental margin andesite’? on the assump- 
tion that this composition is representative of juvenile magmatic ` 
crustal additions at continental margins. For the Archaean 
middle and lower crust we have used averages for amphibolite- 
facies and granulite-facies terranes from the Lewisian of north- 
west Scotland”***, The lower crust is. of fundamental importance 
in determining the bulk composition of the continental. crust. 

The andesite model™® derives an inferred’ composition for the 
lower crust which is neither:compatible with geophysical data 
nor with the observed composition of terranes representative of 
the deep crust. We believe that the: composition of the lower 
crust is best constrained by consideration of Archaean granulite- 
facies terranes; first, because crustal growth rates indicate the 
volumetric dominance: of the Archaean rocks; second, because 
Archaean high-grade terranes record P-T conditions appropri- 
ate for deep levels of the continental crust?®””: and third, because 
only Archaéan granulite-facies terranes display the severe deple- 
tion in radioactive heat producing elements, and low heat.pro- 
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Fig. 1 Chondrite normalized** abundances of the REE in the 

estimated continental crust compositions of Table 2. @, ‘Andesite’ 

model (column 6, Table 2); O, new model presented here (column 
5, Table 2). 


duction, required by heat flow data’'-”, whereas Proterozoic 


and Phanerozoic granulites show minor or no depletion in these 
elements’’*'. The compositions (and relative weightings) of the 
crustal components which we have used in calculating a compo- 
sition for the continental crust are given in Table 2. 
»dn-contrast tothe andesite model: (column 6, Table 2), our 
average continental. crust (column 5, Table 2) is significantly 
‘more siliceous and closer, in terms of major element chemistry, 
to previous crustal estimates (Table 1). Several trace elements 
have similar abundances in the two estimates (Cr, Ni, Th, U, 
Nb, Y and the heavy rare-earth elements (HREE): see columns 
5 and 6, Table 2), but the abundances of the remaining elements 
(Rb, Sr, Ba, Pb, Zr, Hf and the light rare-earth elements (LREE)) 
are-appreciably higher in our estimate. In particular, the new 
crustal estimate has amuch ce fractionated rare-earth element 
pattern as illustrated in Fig. 1. There is no significant Eu 
anomaly. The enhanced LREE AA is more consistent 
with modelling of Nd isotopes in the crust~mantle system”. The 
differences in minor arid trace-element abundances between the 
new estimate and the andesite model are further illustrated in 
Fig. 2, where the abundances of the elements are normalized to 
an average primordial mantle composition” : On first consider- 
‘ation, the profiles of the:two patterns in Fig. 2 are similar, with 
generally increasing normalized abundances from right to left. 
However, this pattern is superimposed on large negative 
‘anomalies’ for the elements Nb, P and Ti. The relative depletion 
in these elements is a common feature of subduction related 
magmas****, and often attributed to stabilization of accessory 
phases during magma genesis in hydrous conditions**. This 
feature is also typical of the dominant tonalitic gneisses and 
` plutons in segments of Archaean.crust”*"*, and would lead us 
to extend to the Archaean our assumption that crustal growth 
occurs dominantly at cordilleran-type continental margins. 
However, Archaean tonalitic gneisses and plutons display a 
strong depletion in the HREE which is not generally evident in 
otherwise compositionally similar post-Archaean rocks****, a 
feature explicable in terms of partial melting of subductin 8 
oceanic lithosphere in Archaean, but not post-Archaean, times” 
The andesite model takes no account of any such temporal 
variation in the composition of juvenile crustal additions, nor 
of temporal variation in the chemistry of the mantle. It is the 
strong HREE depletion in the Archaean compositions of Table 
2 which imparts the high Cew/ Yby ratio to our crustal average. 
The abundances of the radioactive heat-producing elements 
Th, U and K are higher in our average crust than in some 
-previous estimates'®**, and consequently heat-production is 
higher in our model (0.95 p W m~ * compared with a range 0.73- 
0.9L uWm™°?; refs 1, 23). For an average ‘crustal thickness of 
35 km, our estimate produces a mean heat flow of 33 mW m™”. 
$ Adopting appropriate values for the abundances of trace ele- 
ments in the primordial mantle’, the continental crust composi- 
tion presented here contains between 40 and 50% of the Earth’s 


Rock/Mantle 

































Rb Ba Th U- K. Nb La Ce Sr Nd P Hf Zr Sm Ti Th Y 


Fig. 2. Primordial mantle normalized™ abundances of. selecte | 
trace elements in the estimated continental crust compositions 
Table 2. Symbols as in Fig. 1. : 


radioactive heat-producing elements. 

An important feature of the continental crust is the depletio 
in high field strength elements (Fig. 2). Although there is so 
evidence to suggest that average normal MORB may displa 
slight positive Nb (and Ta) anomaly”, the magnitude of th 
anomaly is insufficient to compensate for the: strong deplet: 
in these elements in the crust. That the MORB source alone is 
the complementary reservoir to the continental crust is, the 
fore, an oversimplification. Ocean island and continental alkal 
basalts, however, are generally markedly enriched in Nb relati 
to the LREE and large-ion lithophile elements”. Clearly, tra 
element and isotope madels for the evolution of the crust-mant 
system require consideration of at least three components: 
continental crust and two, or more, mantle reservoirs. We beli 
that the estimated composition for the continental crust prese: 
ted here is more realistic than hitherto available, and will.al 
better constraints to be placed on models for mass s trai 
within the crust-mantle system. 
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ive coral colonies on the Great Barrier Reef grow outwards 
t 5~25 mm yr™' (ref. 1). Skeletal density varies seasonally in all 
jassive corals from the Great Barrier Reef and an exact temporal 
rd of growth can be obtained by X-radiography of appropri- 
tely cut sections of the colony’. Environmental influences on 
al growth have been described from such analyses*~, This is 
he first report from the skeletons of massive corals of yellow 
green fluorescent bands which appear under long-wave UV light. 
ch fluorescence is confined to corals growing within 20 km of 
‘shore and is not present in massive corals from mid- and outer 
If reefs of the central Great Barrier Reef region. The timing, 
th and intensity of the fluorescent bands correlate strongly with 
ummer, monsoonal rainfall and coastal runoff. Large colonies, 
overal centuries old, can provide long records of the strength and 
periodicity of terrestrial runoff to the tropical nearshore environ- 
ment. Such records are potentially important to climatology, 
teorology, agriculture, civil engineering and management of the 
sreat Barrier Reef, 
Cores were drilled from very large colonies of Porites spp. 
ni the lee of Pandora Reef, a 60 hectare platform reef lying in 
mof water at 18°51'S, 146°26’E. One of these cores, compris- 
ng the whole vertical depth of the colony (1.8 m), was sectioned 
nd analysed by X-radiography. This revealed the coral to be 
tyr old, with a mean annual growth rate of 15mm yr7!. 
-radiographs of the core were compared with photographs of 
he same core fluorescing under long-wave UV light. Periodic 
ellow-green fluorescence of bright but variable intensity was 
xhibited within the high density regions of the annual density 
ands. On the Great Barrier Reef the highest skeletal density 
f massive corals is deposited in summer’, The core was illumi- 
ated with long-wave UV light and stepped in 0.5 mm increments 
ast the tip of an optical fibre using a milling machine bed. 
Fluorescence in the skeleton was measured with the optical fibre 
onnected to the emission port of a Turner Model 430 spectro- 
uorometer. Output voltages from the spectrofluorometer were 
ecorded on an HP 3497A Data Acquisition Unit connected to 
y HP85B computer. These data were converted into a monthly 
me series by comparison with the temporal record obtained 
rom X-radiographs of the core, using previously developed 
chniques'. 
„Outflow from the Burdekin River’ was correlated with the 
ntensity of fluorescent banding in the coral core. Pandora Reef 
ies in the path of buoyant patches of the flood plume of this 
arge river®, and the records of Burdekin flow are used here as 
proxy indicator of terrestrial input to the seawater around 
ndora Reef. The Burdekin flows into the sea 135 km south of 
ndora Reef. It drains about 130,000 km? of the adjacent land- 
ss with annual runoff values varying by two orders of magni- 
ude”, Most of the annual discharge occurs as floods (1~3 per 
/ear) between January and March’. The river plume flows north- 
ard along the coast, and does not reach the mid- or outer shelf 


The close synchrony of deposition of fluorescent material in 
he coral skeleton with the outflow of the Burdekin River is 
vident in. Fig. 1. Their interdependence was quantified by 
ross-correlating the cube. of the fluorescence intensity with 
turdekin River flow. Maximum square cross-correlation of 0.80 
95% confidence interval = 0.69-0.87, n= 62) was obtained for 
ero time lag. The fluorescent bands record fluvial inputs down 
othe episodic level, as is demonstrated by fluorescent bands 
épresenting the February and April floods of the 1958 wet 
gason. These appear as an inset in Fig. 1. As the width of the 
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Burdekin River monthly flow (gigalitres) 


Fig. 1 Burdekin River monthly flow and measured intensity of 

fluorescence superimposed on fluorescent banding in 885-mm 

length of coral core from Pandora Reef. Coral fluorescence: a, in 

January 1974 mirrors large flow; b, in Burdekin River. Fine resol- 

ution of fluorescent signature is demonstrated by February and 

April bands in 1958 (c), enlarged in inset. The drought of 1931 is 
easily observed (d), 


sensor attached to the spectrofluorometer imposed a 3-month 
limitation on resolution, instrumentation is now being construc- 
ted to resolve monthly fluorescence intensity. 

Corals on mid-and outer shelf reefs are subject to monsoonal 
rainfall but, because of the northward flow of water in the Great 
Barrier Reef lagoon, they are not influenced by terrestrial runoff. 
The lack of annual fluorescent. bands in these corals confirms 
that fluorescent banding in. inshore corals reflects terrestrial 
inputs to the nearshore environment. 

Fluorometric analysis of banding in scleractinian skeletons 
will provide a powerful tool for hindcasting the volume and 
periodicity of terrestrial runoff into the nearshore environment. 
Since this runoff is related to rainfall in the adajcent river 
catchments, estimates of historical rainfall will also be obtain- 






‘able. Growth rates obtained from X-radiographic analyses of 
cores show that very large inshore colonies of massive Porites 
Spp. are several centuries old. Thus these colonies contain long 
records of coastal fluvial history. The implications for regional 
climatology are wide. Moreover, the use of fluorescent peaks in 
the skeletal record in conjunction with X-radiographic analysis 
simplifies the task of determining seasonality of density band 
formation, which is a matter of controversy’, Experimental 
determination of the nature of the fluorescing agent in corals is 
being undertaken. Among other possibilities, trace inorganics 
of fluvial origin may be doping the aragonitic skeleton. Identifi- 
cation of geochemical signatures for particular river systems 
may contribute to our understanding of water movement over 
the continental shelf of the Great Barrier Reef. 
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Development and fertility in the mouse are known"? to be influ- 
enced by loci mapped to the T/t complex of chromosome 17. Recent 
evidence suggests that one or more genes near this region ma 
also be associated with sex determination. Washburn and Eiche 
recently reported partial to complete sex reversal with the 7"? 
deletion on some genetic backgrounds and suggest that this result 
may be due to a primary sex-determining locus ( Tas) that is closely 
linked to, or a part of, the T locus. Sex-specific, Bkm (banded 
Krait minor satellite DNA)-related sequences are known to have 
autosomal as well as heterogametic sex chromosomal copies, but 
specific regions of autosomal localization have not been 
described**. We now demonstrate the presence of chromosome 
Y-related DNA sequences on proximal chromosome 17 in 
Sex-reversed (Sxr) and normal mice using in situ hybridization of 
mitotic chromosomes with “H-labelled pCS316 (ref. 4), a probe 
that shows major hybridization to the proximal portion of the 
mouse chromosome Y°’, These data, and those of Washburn and 
Eicher’, argue for a gene(s) related to sex determination or differ- 
entlation within the proximal portion of mouse chromosome 17. 

The probe used, pCS$316*, is cloned into pBR322 and rep- 
resents a segment of Drosophila melanogaster DNA containing 
Bkm-related sequences. Previous studies®’ have shown that 
Bkm-related DNAs such as pCS316 hybridize to precisely the 
same sequences as Bkm in mammals and reptiles and that they 
are concentrated within the sex-determining chromosome of 
many eukaryotes*. Therefore, it has been proposed that Bkm 
and its related sequences represent a conserved sex chromo- 
some-associated nucleotide sequence*’ which may be 
*xpressed®?, 
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pCS316 was labelled and hybridized to chromosome spreads 
from normal and Sxr mice. Sxr is a sex-limited condition whic 
causes XX mice to appear as phenotypic males. The followin; 


spreads from each of the six genotypes (n > 300) were analyse 
Regardless of the genetic background, roughly 60%. of the 


chromosome of the pair. Grains appeared most frequently. 
two distinct regions of chromosome 17. One region, exteridin 
from 17A3 to the B-C interface, showed grains in 71% of the 
chromosomes examined, The other region extended from 17D 
to the D-E1 interface and showed the presence of grains 
38% of the chromosomes. In contrast, the region of greate: 


indicate that the grains seen in the 17B-D region of chromosome 
17 in Fig. 1 are due to the specific hybridization of pES316 t 
homologous sequences on the chromosome. : 


normal maternal X. Figure 2a, from a X/X Sxr male, illustrate: 
a typical G-banded, fetal liver metaphase spread. The XS” an 
its homologue are shown in Fig. 2b with the standard idiotype’? 
The Y chromosome of the X/Y Sxr carrier male possessed bot 
proximal and distal grain localization but on grain removal its 
morphology was similar to that of the normal Y (data no 
shown). This observation confirms the findings of Evans et al! 
that the Y°*’ chromosome possesses a distal body but otherwis 
is cytologically normal. The Y chromosome from normal ran 
dom-bred males showed the expected proximal! hybridization” 

to bands A to B. On most autosomes, as for chromosome 16 
grain localizations were infrequent and random. However, in 
addition to chromosome 17, we observed another autosome 
identified as chromosome 4 (K. K.-M. and R. P. E., unpub- 
lished), which seemed to show hybridization to its mid-region 
in over 50% of the metaphases examined. 

Structural and behavioural characteristics of chromsome 
regions containing concentrations of the evolutionarily con- 
served Bkm-related sequences suggest that these (or closely 
linked sequences) are connected with the determination of sex’, 
For example, in the X/Y Sxr male, when a region of chromo« 
some showing dense pCS$316 hybridization is transferred from 
the distal end of the Y*"" to an X chromosome during meiosis, 
X/X male progeny result. In terms of chromosome 17, the 
amount of pCS316 hybridization (as judged from grain density) | 
is considerably less than that observed on the Y chromosome, 
However, it is probable that the probe is pairing with a similar 
family of DNA sequences. Furthermore, the finding by Wash: 
burn and Eicher’ that a T-associated sex reversal trait, Tas, 
results in partial to complete sex reversal in Tas/+:XY 
individuals on certain genetic backgrounds implicates the pres- 
ence of sex-related gene(s) within the proximal portion of. 
chromosome 17. A locus near this region, which may havea 
role in sex determination, is the histocompatibility-Y expression 
locus, Hye (refs 12, 13), for which a previous analysis of te. 
combinants demonstrated a location between the H-2 and T 








‘Fig. 1- Representative pairs “of” 
chromosomes. 17 after in situ 
hybridization with the pCS316 probe 
followed by G-banding in Wright's 
‘stain. a, Chromosome 17 from two 
1 X/X Sxr males. Chromosome pairs 
1-3 were obtained from the X/Y Sxr 
male progeny of a CD-Ix 
129/SvPas-Ta-Sxr X/Y carrier mat- 
ing. The mitotic spreads were pre- 
pared from fetal liver. Chromosome 
pairs 4-6 were obtained from a X/X 
Sxr male of inbred 129/SvPas-Ta- 
SxR stock and prepared from adult 
bone marrow. b, c, Chromosome |7 
pairs from X/Y Sxr carrier and X/X 
female, respectively. The chromo- 
somes, prepared from fetal liver, 
were obtained from the fetal siblings 
of a CD-1 x 129/SvPas-Ta-Sxr X/Y 
carrier male mating. d, Chromosome 
17 from X/Y normal (CD-1) male. 
Bone marrow spreads from three 
randomly bred CD-I males were 
_ analysed. Only one CD-1 male is 
“illustrated here. 
Methods: Mitotic spreads used for 
analyses were prepared from fetal livers (day 14) or adult bone marrow, as described by Eicher and Washburn’. pCS316 DNA was transfected 
© into Escherichia coli DH-1. Plasmid DNA was isolated from ampicillin-treated bacteria in CsCl gradients'’ and nick-translated with 7H-TTP 
= (NEN, NEK-005) to a specific activity of 3 x 10’ c.p.m. per ug. The probe was precipitated in ethanol and resuspended in 50% formamide/2 x 
SSC/100 pg m7! salmon sperm DNA/10% dextran sulphate/10mM NaPO, pH 7.0 at a concentration of 2.8 x 10* c.p.m. pi~’. DNA was 
denatured in a 100°C water bath for 5 min, then quenched on ice. The subsequent hybridization steps and autoradiography process were 
performed using the procedure of Harper and Saunders'*. Chromosomes were stained using 0.25% Wright's stain diluted 1:3 with 0.06 M 
phosphate buffer pH 6.8 for 5 min as described by Chandler and Yumis'’. To achieve banding, the above procedure was modified to include 
warming the slide sequentially at 31.5 °C for 14 min, 37.5 °C for 14 min, 42 °C for 10 min and 53 °C for 5 min in phosphate buffer. After each 
warming, the slide was removed from the buffer, stained for 3.5-6 min, examined and destained if necessary, by immersion first in a solution 
of 95% ethanol-1% HCI for 15s and then in absolute methanol for 15s. Samples were destained, heated and restained until satisfactory 
banding was achieved. 
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a ’ Fig. 2 ’H-labelled pCS316 hybridization to mitotic chromosomes from a sex-reversed X/X Sxr male. a, Metaphase spread from a X/X Sxr 
: male. b, The standard idiogram of the mouse X chromosome’? and the two X chromosomes from the metaphase shown in a. ° 
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Fig. 3. Histogram frequencies of grain distribution within given 
chromosome. regions on chromosomes 17 and 16, respectively. 
Normal male, X/X Sxr male, X/Y Sxr male and X/X female 
‘metaphases: exhibiting hybridization to chromosome 17 were 
- chosen for quantitation. Chromosome regions shown in Fig. 1 are 
defined in terms of boundaries (that i is, for chromosome 17, A3~C 
represents the chromosome region extending from. A3 to B and 
terminating at the B-C. interface) (see Fig. | for idiogram of 
chromosome 17). Frequencies were determined by dividing the 
total number of grains per chromosome region by the number of 
chromosomes examined (n = 94). 


complexes, closer to the latter'®. Although Hye was originally 
found to affect the amount of transplantation H-Y, it has been 
found also:to alter the’ amount of serological H-Y'*. To the 
“extent that levels of this antigen have a role in sex determination, 
a decreased expression (as may occur in the T" deletion) might 
< Cause hermaphroditism. or sex reversal on some genetic back- 
grounds. 
> Intriguingly, translocation studies have mapped a large por- 
. tion of the T/t-H-2 complex", and therefore most probably 
“the Hye locus", within a region that shows significant hybridiz- 
ation to the sex-determining-related pCS316 DNA, In light of 
the previous unsuccessful. attempts to locate a structural gene 
for the H~Y antigen, one might speculate that the H~Y structural 
locus may itself be located within the T/t-H-2 complex of 
chromosome 17 and perhaps, more specifically, in its pC$316- 
related sequences, 

‘We thank K. W. Jones for providing pCS316 DNA and 
Michael P. Rosenberg for technical assistance and a critical 
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E26 is an acute leukaemia avian retrovirus which induces. myel 
blastosis and erythroblastosis i in vivo and transforms erythroblasts 
and myeloblasts in. vitro™™”, It contains the oncogene v-myb (re 
4), first described for avian myeloblastosis virus (AMV), as we 
as a second specific nucleotide sequence, v-ets located 3° to v- 
(refs 5,6). We have reported that v-ets has a cellular counterpart 
(c-ets) in.chicken and human DNAŽ. Now, using two indepen 
methods—hybridization with human c-ets probe of sorted chrom 
somes and in situ hybridization—we report the localization of 
ets locus on human chromosome 11 at bands q23~q24. This: findi 
may be important, as specific breakpoints around this positi 
have been reported for human malignancies such as acu 
monocytic leukaemia and Ewing’s sarcoma. a 

Recombinant phages containing nucleotide sequences (c- 
related to the v-ets sequences of E26 retrovirus were isolat 
from a genomic library of normal human: DNA’. As shown 
Fig. 1; a human c-ets probe was derived from one such ph 
À ets H- 3, as a 5.4-kilobase (kb) EcoRI fragment which hybr 
ized specifically to a 8.6-kb EcoRI genomic fragment of hum: 
DNA also detected with a v-ets probe. This 5.4-kb- fragment, 
containing no repetitive DNA, was inserted into the EcoRI s 
of plasmid pKH47 to. yield the probe used for hybridizatic 
experiments on. human. chromosomes. 

Hybridization experiments. using sorted cliromosomes:4 inc 
cated that the human t-ets locus was located on the long ai 
of chromosome 11. Metaphase chromosomes. were separate 
into nine peaks, immobilized. on ‘nitrocellulose . filters® and 
hybridized with the c-ets:probe. With the Raji Burkitt cell li 
shown by cytogenetic data to contain normal chromosomes | 


kb kb 
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Fig. 1 Characterization of the probe c-ets used in hybridization’ 
experiments. Recombinant phage A ets H-3 DNA was digested 
with EcoRI, separated by agarose gel eléctrophoresis and hybrid- 
ized with 2°P-labelled v-ets probe. Two EcoRI fragments (5.4.and ` 
O.8kb, respectively). were detected by autoradiography (b). 
Southern blots.of placental DNA restricted by EcoRI were hybrid- 
ized in low-stringency conditions with v-ets nick-translated probe: 
( e or in high-stringency conditions:with 5.4-kb EcoRI fragment ; 
or phage ets H-3 (c). ; : 
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ig. 2 Localization of the ¢-ets gene on a flow karyotype of Raji 
and BM cells, a, Partial karyotype of the BM cell line, showing 
the balanced translocation t(11; 22)(pt 1; q22) (R-bands), b, Rela- 
ive fluorescence of the flow karyotype of Raji and BM cells. The 
mber of chromosomes is plotted as a function of the relative 
fluorescence. Numbers indicate the position of the nine different 
fractions, Black dots show the peaks with radioactive signals 
obtained by hybridization with the c-ets probe. 

Methods: The flow karyotypes were carried out using isolated 
chromosomes in polyamine buffer with an Ortho H30 cytofluoro- 
graph monitored by an Ortho 2199 computer. Nine different regions 
were selected on the flow karyotype (the bars show the limits of 
the gates) and the chromosomes were directly collected on nitrocel- 
lulose filters’. Denaturation was achieved by soaking in 0.$M 
NaOH, 1.5.M NaCl for 5 min followed by neutralization in 0.5 M 
Tris-HCI (pH 7.4), LSM NaCl. After baking, all filters of the same 
experiment were hybridized. (3x SSC, 1 Denhardt's buffer, 
100 ug mi”! denatured salmon sperm DNA, 50%. formamide) with 
the 5i4-kb. c-er EcoRI fragment labelled with “P-dCTP (NEN), 
: Filters were not re-used. 


CHROMOSOMES 


Fig. 3 Localization of the c-ets gene by in situ hybridization. a, 
Photograph of an R-banded lymphocyte metaphase spread hybrid- 
ized with the c-ers probe. b, Diagram showing the grain distribution 
in 58 metaphases. The abscissa represents the chromosomes in 
their relative size proportion; the ordinate shows the number of 
silver grains. 

Methods: Metaphase spreads were prepared using normal human 
male phytohaemagglutinin-stimulated lymphocyte in vitro cultures 
for 72h, and R-banded, but staining was omitted™*, Total plasmid 
DNA containing the human. c-ets 5.4-kb EcoRI fragment was 
nick-translated with “H-dCTP (110C mmol": NEN). The tech 
niques used for in situ hybridization were essentially as described 
by Gerhard et al” The probe had ‘a specific activity of 1.5% 
10’ cpm. pg™'. 30 ul of probe solution at 200 ng mi~" in hybridiz- 
ation solution (50% formamide, 2*SSC, 10% dextran sulphate, 
100 pg mi™ of sonicated salmon sperm DNA) were placed on each 
slide at 37°C for 18h. The slides were rinsed for 15 min twice in 
2x SSC at 55 °C and then twice in 0.1.x SSC at 50°C, Autoradiogra- 
phy was performed using a standard technique (NTB3 Kodak 
emulsion) for 23 days before development. The slides were stained 
for 10.-min ina 4% Giemsa solution in phosphate buffer at pH 6.8. 
The picture was taken by phase contrast microscopy, yielding white 

spots for grains on chromosome 11q (arrowed). i 








| positive signal was observed for peak 6, corresponding mainly 


to chromosomes 10, 11 and 12: From in situ experiments done 
` simultaneously (see below), chromosome 11 was suspected to 


yield the positive signal. Analysis of the lymphoblastoid cell 
line BM, established from a woman carrying a balanced trans- 
location t(11; 22) (p11; q22) (Fig. 2a), revealed two positive 
signals, one in peak 6, corresponding to the normal chromosome 
11, and one in peak 5 (Fig. 2b), corresponding to the abnormal 
chromosome | !p~, thought by its size to be sorted with chromo- 
somes 13 to 15. 

To obtain a more precise localization of c-ets, we performed 
in situ hybridization experiments on chromosome spreads. 
Analyses of 58 metaphase spreads revealed (Fig. 3) that 17% 
(25/148) of all silver grains were located on human chromosome 
11 (P <0.001 compared with a chromosomal random distribu- 
tion). Of these 25 silver grains, 22 (88% ) were localized on band 


_-q24.(Fig. 3). However, because there is often a discrepancy 


* 


between the R and G bands’, a localization at band 11q23 cannot 
be excluded. Secondary peaks of grains accumulated at positions 
9q34 (3.4%) and 8q23 (2.7%); 8 grains (5.8%) were found 
between 3q11 and 3q22. The significance of these faint signals 
is unclear. It is unlikely that they represent c-ets-related loci 
because in our hands, extensive screening of human DNA 
libraries never produced more’ than one c¢-ets locus. 

In conclusion, the human c-ets gene is located on chromosome 
11 .q23~q24. This finding indicates that although v-ets and v-myb 
oncogenes are adjacent in the E26 genome, their cellular 
counterparts are located on different human chromosomes, as 


‘¢-myb has been assigned to chromosome 6q22~24 (ref. 10). 


Previous analysis of the chromosomal localization of the 
oncogenes of other acute leukaemia retroviruses containing two 
oncogenes, erb-A and erb-B for avian erythroblastosis virus 
(AEV), and mil and myc for MH2, have demonstrated that their 
human counterparts are located on different chromosomes’ ™", 
However, whereas the erb-A/erb-B genes of AEV and the 
mil/myc genes of MH2 are expressed as two independent tran- 
scription units, the myb and ets genes of E26 are translated 
from.a unique mRNA® as a triple fusion protein, p13588 meets, 

Cellular. oncogene sequences have been localized at or next 


. to chromosomal breakpoints involved i in specific translocations 


described in human malignancies". With respect to our localiz- 
ation of the c-ets. oncogene on human chromosome 11, several 
rearrangements involve this chromosome at q23 and q24. The 
bands | 1q22-24 have been found to be involved mainly in acute 
monocytic leukaemia, especially the undifferentiated form'* 

Rearrangements of band 11q23 are now thought to be the most 
specific chromosomal abnormality in acute monocytic 
leukaemia and in some cases translocations t(9.11) (p21; q23) 
(ref; 16) and t(11; 19) (q23; p12 or q12) (refs 17, 18) have been 
reported*", Another specific translocation, t(4; 11) (q21; q23), 
has also been described in a particular form of acute leukaemia 


‘which was. classified either as lymphoblastic or as immature 


monocytic precursor proliferation?’?'. Finally, a (11; 22) 


(q24; q12) translocation has been reported as specific for Ewing 
sarcoma"? 

Thus, band 11q23 and 11q24, within which we mapped the 
human c-ets locus, are involved in specific chromosomal re- 
arrangements of well defined malignant proliferations. Experi- 
ments are in progress to investigate possible DNA rearrange- 
ments and expression of c-ets in these malignant diseases in 
correlation with cytogenetic data. Southern blot analyses of the 
DNAs form five different Ewing’s sarcomas have so far failed 
to show translocation of ets. 
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The Harvey murine sarcoma virus (Ha-MuSV) transforming gen 
v-ras”, encodes a 21,000. molecular weight. protein (p21) that 
closely related to the p21 proteins encoded. by the cellular. tran 
forming genes of the ras gene family’. The primary translatio 
product (prop21), which is found: in the cytosol, undergoes p 
translational modification’ and the mature protein subsequent 
becomes associated with the inner surface of the plasma membrane 
and binds lipid tightly’*"". The p21 proteins have the capacity: 
bind guanine nucleotides non-covalently in vitro 312, To assess the 
biological. relevance of these biochemical features of the protei 
we have now studied a series of deletion mutants located ‘at i 
near the C-terminus’ of the viral p21 protein. Our tissue culture 
studies indicate that amino acids located at or near the C-termini 
are required for cellular transformation, membrane associati 
and lipid binding. 

The mutants were derived by making small deletions ina 
parental recombinant plasmid (Fig. 1) that contained the Ha- 
MuSV transforming region (the viral long terminal repeat (LTR) 
plus v- ras i n), The herpes simplex virus (HSV) thymidine kinase 
(tk) gene'* was included as a linked selectable marker for 
analysis of the p21 encoded by mutants that would be defective 
for focal transformation. Two classes (I and H) of v-ras 
mutants were constructed: each class I mutant coded for a 
truncated p21 protein; each class IJ mutant contained a specific 
in-frame deletion within p21 coding sequences located near the 
C-terminus and termifiated translation at the normal stop codon 
of the protein. The approach used to generate the mutants 
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Fig. 1 Construction of mutants. The plasmids are not drawn to scale. The starting plasmid (pBW276) used for generation of the deletion mutants was composed 
“of the transforming region of Ha-MuSV (LTR +v-ras"),the HSV rk gene, the neomycin-resistance gene (neo™) from Tn5, and the pBR322 origin of replication. 
“It was constructed as follows: From clone H-I (ref. 13), the Hincll fragment carrying the LTR and the veras! gene was cloned into pBR322 at the PstI site after 
this end had been made flush with T4 DNA polymerase. The PstI site located 158 base pairs (bp) downstream from the stop codon of the p21 coding sequences 
was converted to an Xhol site by insertion of an Xhol linker at this site. An EcoRI-Sall fragment carrying the neomycin/kanamycin resistance gene from Tn 
(ref. 19) was inserted between the EcoRI and Sall sites of the pBR322 portion of the plasmid. A Sall fragment bearing the HSV tk gene (ref. 14) was then inserted 
_in the same orientation as the p21 gené.to complete pBW276. pBW276 was grown in Escherichia coli strain RRI (ref. 20); the Bell sites in the clone were therefore 
methylated and not able to be cleaved with Bell. 
Methods: To generate most deletion mutants retaining various amounts of the 5’ coding region of p21 (called ‘front’ ends), pBW276 was digested first with Xhol 
and then with exonuclease Bal31 for varying time periods. The DNA ends were made flush with T4 DNA polymerase and then ligated to a linker (CTGATCAG) 
containing the recognition site of Bell. Following digestion with Bell (which cleaved only the Bell sites in the linker because the other Beil sites in the plasmid 
were methylated from propagation in RRI), the DNA was ligated and-digested with Xhol. Part of each aliquot was used to transform E. coli strain NF 3082 (this 


strain is rm” and carries the dam-3 mutation on a MC 1000 background’'), colonies from each aliquot were first examined by restriction enzyme digestion to 


determine if the Bell linker was present and to estimate the extent of the deletion, For each clone used in the mutant studies, the HindHI-Bell fragment carrying 
“most of the p2ł sequences was cloned in M13 phage mp9 (ref. 22) and the actual deletion determined by dideoxy sequencing”. Mutant pBW396 (mutant 3 in 
Table 1) was generated by this procedure alone. Its deletion began one nucleotide beyond the p21 stop codon and extended rightward for more than 150 bp: This 
‘lone also provided the front end for pBW601 (mutant 2 in Table 1). Class | mutant pBW277 (mutant 5 in Table 1) is a Bal31 derivative of pBW276 that did not 
cquire a Bell linker. Its DNA sequence happens to give a deletion where the coding region for amino. acids 1-186 is unchanged and the deletion results in the 
juxtaposition of the.codon for amino acid 186 with ACT CCT TAA from a sequence downstream from the Xhol site in pBW276. Some front-end deletion mutants 
were originally isolated after the insertion of a Xhol linker (instead of the Bell linker) after Bal3! treatment of pBW276, The Bell linker was inserted at the Xhol 
ite of appropriate mutants: after the plasmids had been digested with Xhol and mung bean nuclease so that the TGA stop codon of the Bell linker occurred in 
the same reading frame as the p21 protein. This resulted in the addition of CCC TGA TCAG to. the p21 gene sequences. The front ends of class | premature 
ermination mutants pBW602 and pBW603 (mutants 6 and 7 in Table 1) were constructed by this process. The plasmid (pBW584) used for the generation of p21 
eletion mutants. retaining varying amounts of 3’-coding sequences (called ‘tail’ ends) was constructed’ by subcloning the HindilI-Xhol fragment of pBW276 
which carries the sequences coding for amino acids 5-189 of p21 as well as 158 bp of 3’-non-coding sequences) into these sites in a modified pUC8 vector” into 
“which a Xhol site had been generated by Xhol linker insertion at an EcoRI site. The tail ends were generated similarly to the front ends, by digestion with Bal31 
from the HindIII site. A Bell linker was inserted at the site of deletion and each deletion was determined. by sequence analysis after cloning the Bcll-Xhol 
ragment in BamH]-Sall-digested mp9. As described ‘below, a plasmid from which all the p21 coding sequénces as well as the termination codon and 15 non-coding 
base pairs had been deleted serve as the tail end to ‘restore’ the. 3'-non-coding Ha-MuSV sequences to the front end of class 1 mutants pBW601, 602 and 603 
(mutants 2, 6 and 7 in Table 1), All class H (and restored. class 1) mutants were constructed by. combining appropriate front and tail ends through the Bel} linker 
O that the p21 sequences downstream from the Bell linker were in the correct reading frame. First, pBW568 (a derivative of pBW276) was constructed. In this 
plasmid the Bell site in the Tn3 portion of pBW276 has been removed by Beli digestion, T4 DNA polymerase filling and ligation, which did not affect the 
anamycin resistance conferred by the plasmid. A three-fragment ligation reaction generated the class [I (and restored class 1) mutants: a BstEN~Bcll fragment 
“from:a:front-end mutant, a Bell~Xho! fragment from a tail-end mutant and the Xhol/ BstEI fragment from pBW568. The recombinants were screened for the 
presence of a BamHI site derived from pUC8 as well as for the lack of the TnS Bell site. The class 1 mutant pBW769 (mutant 4 in Table 1) was generated by 
recombining a front end- retaining the codon for amino acid 185 (AAG) followed by the Bell linker with a tail end that contained two Bell linkers in tandem 
(which generated a novel Poull site). A plasmid that retained the two Bell linkers (evidenced by retention of this Poul! site) was selected. The sequence of this 
mutant is AAG CTG ATC AGC TGA TCAG, which introduces the in-frame TGA stop codon in the second Bell linker. 














suited in. each mutant encoding an insertion of one, two or 
ree amino acids in place of the amino acids deleted from the 
ld-type gene; Table | lists the C-terminal amino acids of each 
utant as inferred from DNA sequence analysis. 
‘The DNAs were first tested for their capacity to induce focal 
‘ansformation of NIH 3T3 cells. The positive:controls were the 
arting parental plasmid (DNA 1 in Table 1) and mutants 2 
and 3, which had Jost bases located immediately downstream 





from the nucleotide following the p21 stop codon, Both mutants 
transformed the mouse cells as efficiently as did the parental 
plasmid, indicating that the 3’-non-translated viral sequences 
immediately downstream from the p21 stop codon were not 
required for transformation. By contrast, each (class I) mutant 
that introduced a premature stop.codon within the p21 coding 
sequences lacked transforming activity. These transformation- 
defective (td) mutants (4~7) lacked three, four or five C-terminal 
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Fig. 2 Lipid binding of mutant p2i proteins. 
Mass cultures of cells converted to TK* by 
the mutant DNAs were metabolically labelled 
overnight in growth medium containing *H- 
palmitic acid (1mCimi™')"'. Extracts of 
whole cells were prepared and precipitated 
with p21 monoclonal antibody YA13-259° as 
described previously’. Immunoprecipitates 
were analysed by electrophoresis in 15% 
SDS-polyacrylamide gels, and bands were 
visualized by autoradiography for 7 days. The 
number above each lane refers to the mutant 
number as given in Table 1. Lanes C and H 
contain the precipitate from control cells and 
from cells transformed by the H-1 clone’? of 
Ha-MuSV DNA, respectively. The band that 
migrates just ahead of the non-phosphory- 
lated form of viral p21 and is visualized in all 
lanes, including that containing the control 
cell precipitates, represents an. endogenous 
form of p21 noted previously by others! ™!*. 
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amino acids present in the wild type. The failure of these mutants 
to transform the mouse cells suggested that amino acids at or 
near the C-terminus might be required for p21-mediated trans- 
formation, although the td phenotype might have been a result 
of the one to three new amino acids at the C-terminus. 

“The importance of amino acids near the C-terminus was 
‘confirmed by studying the transforming activity of the (class I1) 

-mutants containing in-frame deletions within the p2! coding 
sequences. One set of mutants (8-13) encoded p2is with dele- 
tions beginning in His 166 and extending progressively rightward 
towards the C-terminus. Mutants 8-12, whose deletions ex- 
tended to Ser 183, retained their transforming activity. However, 
mutant 13, whose deletion extended to Cys 186, did not trans- 
form the cells, suggesting that one or more amino acid(s) to the 
right-of Ser 183 are critical for transformation. Two other in- 
frame. mutants with smaller deletions that extended to Cys 186 
(mutants 15 and 16) were also td, although their deletions were 
shorter than those of some transformation-compenent mutants. 
These results confirm that. one or more of the six C-terminal 
amino acids (184-189) of p2! are required for the protein’s 
transforming activity. Mutant 12 indicates that amino acids 
166-183 are not required for transformation. 

The viral p21 proteins found in mouse cells transfected with 
the mutants were then analysed by immunoprecipitation'® . The 
mutant DNAs were introduced into TK” 3T3 cells'* (sensitive 
to hypoxanthine~aminopterin-thymidine (HAT) medium) and 
selected by the capacity of the intact HSV tk gene in each mutant 
to confer resistance to HAT medium. As expected, the mutants 
which had lost only non-coding sequences (mutants 2 and 3) 
synthesized p21 forms that were indistinguishable from those 
encoded by wild-type Ha-MuSV. Overnight labelling with either 
5§.methionine or *H-palmitate revealed a p21 doublet which 
represents the two membrane-associated forms: the more slowly 
migrating phosphorylated form (pp21) and the faster migrating 
non-phosphorylated form (data are shown in Fig. 2 only for 
clone 2 labelled with 7H-palmitic acid). When the p21 mutants 
(4-11 and 14-16) were labelled overnight with *°S-methionine, 
a doublet whose migration rate differed from that of wild-type 
p21 was noted for each mutant (viral p21 protein was not 
detected in cells transfected by mutants 12 and 13). As expected, 
an overnight pulse with **p-orthophosphate labelled only the 
more slowly migrating p21 species in each instance (data not 
shown). Overnight labelling with *H-palmitic acid, however, 
distinguished between the td mutants and the transformation- 
competent mutants. Although the palmitic acid labelled the p21 
doublet of the transformation-competent mutants, it failed to 
label either p21 species from the class I or H td mutants (data 
arë shown in Fig. 2 for clones 7, 14 and 16). 

These results suggested that the p21 encoded by the td mutants 


l might not be membrane associated, in contrast to wild-type and 


__<transformation-competent class II mutants. This possibility was 





Table 1 Focus formation by p21 deletion mutants of Harvey viral DNA 





Amino Amino 
Mutant Clone acid Carboxy end acid Focus... 
no. no, 160 of p21 189 formation 
1 pBW 276 VRETRQHKLRKLNPPDE SGPGCMSCKCYLSter ; 
2 PBW 601 —— sesesewmuemimnmnm emmma m m a e ter 
E ee E E E ter 
Premature termination mutants (Class 1) 
4 PBW769 we ee ew ween eee Lister 
5B PBW 277 www nen ee ee TPter 
6 PBN G02 — snssuneenanmemman namum m uuw Pter 
eee ee Pter 
Internal deletion mutants (Class 11) 
8 PBW672 — senser PDQ mememe nam m m e e e ter 
9 PBW679 — man awnn PDQ www wen wenn er een ter 
10 pBW740 seer- POQ: E ter 
11 pBW739 = -~--~++ PDQ www nee e ee ter 
12 pBW766 = -W---- POQ 2 o sesen- ter 
13 PBW754 wn ww wn PDO ---ter 
Ta e E E POO -geecere Sna ter 
15 pBW756 0 wane ewan n-ne PDQ ---ter 
16 PBW 755 ww mewn eee eee PDQ ---ter 





The derivation of each mutant is given in Fig. 1. Mutants 3~5 consis 
of front ends; 2, 6 and 7 contain restored tail ends recombined w 
front ends; 8-16 contain recombined front and tail ends. Amino: aci 
160-189 are given for the starting.clone (1); ter, termination codon: T 
the mutants, the symbol (~) means that this amino acid isthe same 
in the starting clone; a blank space means the amino acid is deleted 
the letters indicate new amino acids introduced in construction of | 
mutant. DNAs were precipitated with calcium chloride” and 0.2. ml 
added to 35-mm dishes seeded on the previous day with 2.25 x 10° NIH 
3T3 cells. NIH 3T3 DNA (25 pg ml7!) was used as cartier. 0:2-0 8 
of mutant DNA was used per dish. The cells were treated as previ 
described, except that dimethyl sulphoxide was not used". Foci w 
counted 2 weeks later. All clones that gave rise to foci yielded 10°*—1 
foci per pg DNA. The dishes containing the clones that failed to yi 
foci were kept for at least I month, at which time they were still negativ 


tested by metabolically labelling the cells with *°S-methionine 
fractionating the cell homogenates into a supernatant cytoso. 
fraction and a membrane pellet. fraction, and subjecting eac! 
fraction to p21 immunoprecipitation (Fig. 3; results are show: 
for clones 2, 7 and 14). As has previously been demonstrate: 
for the wild-type protein, both mature forms of the transforma 
tion-competent protein were found exclusively in the membran 
(M) fraction. By contrast, both the phosphorylated and unphos 
phorylated forms of the td mutant-encoded protein were con. 
fined to the supernatant (S) fraction. The class I and II td: mutan 
p21 proteins are therefore not associated with the plasma mem 
brane. The data from the td mutants suggest further that phos- 
phorylation of the protein can take place in the cytosol. Thi 
biological significance of the v-ras” phosphorylation at Thr 59 
therefore remains to be established. 

Although these studies have been confined to mutations 
induced in v-ras", our results are probably relevant to c-ras'* 
and to the other ras genes, whose products also localize to the 
membrane and bind lipid in transformed cells (M. E. Furth and 
E. M. Scolnick, personal communications). The failure of the 
C-terminus mutants to bind lipid and associate with the mem- 
brane suggests that amino acids in this region mediate lipid 
binding which may help anchor the protein at the membrane. 
The transformation-defective nature of these mutants further a 

















Fig. 3 Fractionation of mutant p21 proteins. Cultures converted 
to TK* by the mutant DNAs were metabolically labelled overnight 
with *°S$-methionine (250:Ci ml”'). Hypotonic swelling of the 
cells was followed by homogenization and low speed centrifugation 
to remove nuclei. The supernatant was then fractionated by cen- 
‘trifugation at 100,000g for 30 min into a pellet particulate fraction 
‘containing the plasma membranes and a supernatant cytosol frac- 
tion®*; this procedure has been used previously to separate cytosol- 
‘sassociated prop2! from the membrane-associated mature p21 
forms (ref. 9). The fractions were then precipitated with mono- 
s'olonal p21 antibody YA6-172 as in Fig. 2. Immunoprecipitates 
were analysed by electrophoresis in 15% SDS-polyacrylamide gels, 
and bands were visualized by autoradiography for 4 days. Lanes 
Sand M contain precipitates from the supernatant and membrane 
(pellet) fractions, respectively. The number above each pair of 
-Tanes refers.to the mutant number given in Table |. The pair labelled 
~C contain the precipitate from control cells. Although mutant 7 
“encodes a truncated p2! protein, it migrates more slowly than 
- wild-type p21 protein because of defective processing (B.M.W. er 
al, manuscript in preparation). 


indicates that this anchoring to the membrane is important for 
he biological activity of p21. (Similar conclusions have recently 
een reached by M. O. Weeks and E. M. Scolnick (personal 
communication), who have studied a td v-ras" gene that has 
an undefined lesion.) 

Of the six C-terminal amino acids, only Cys 186 is present in 
Il known ras genes, although conservative changes are found 
t.amino acid 187 (valine or isoleucine) and 188 (leucine, 
soleucine or valine)*'®"*, The possible importance of Cys 186 
‘as suggested experimentally by td mutant 4, which may be 
ïewed as encoding a protein from which only Cys 186 has been 
eleted. Preliminary data indicate that a point mutant substitut- 
ng Ser for Cys 186 has the td phenotype (B.M.W. et al., unpub- 
shed data). We speculate that Cys 186 permits membrane 
ssociation and lipid binding because the lipid is bound through 
s cysteine residue. However, the presence of the cysteine is 
bably not sufficient for transformation competence, because 
mutant (5) with the inferred protein sequence Cys 186 followed 
y Thr and Pro is td. We therefore suggest that both Cys 186 
nd downstream amino acids may be required for transfor- 
tion, 
<The extraordinary sequence divergence near the C-terminus 
the three biologically active mammalian c-ras genes (ras"', 
rsten- ras and neuroblastoma-ras), spanning amino acids 165- 
89, has fostered speculation that each c-ras gene subserves 
istinct: physiological functions that depend in part on this 
heterogeneity®*. This possibility is strengthened by the excellent 
conservation of even this region between human and rodent 
as" genes (refs 2, 4, 5 and M. Ruta and R. Dhar, personal 
communication). The data obtained with mutants 8-12 indicate, 
owever, that this region is not required for transformation of 
ATH 3T3 cells, These results therefore suggest that the oncogenic 
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Chemical carcinogenesis generally proceeds via the formation of 
strongly electrophilic reactants, termed ultimate carcinogens'. The 
observation that many ultimate carcinogens are potent mutagens* 
and the results of studies on the covalent binding of carcinogens 
to cellular macromolecules** suggest that tumour initiation 
results from mutations arising from the binding of ultimate car- 
cinogens to DNA. Recently, gene transfer experiments have shown 
that some tumours contain activated oncogenes which are members 
of the ras gene family (reviewed in refs 6. 7) and which differ by 
single base pair substitutions from their non-transforming counter- 
parts, the proto-oncogenes (see, for example, refs 8-11). Here we 
have used clones of the c-Ha-ras-1 proto-oncogene to show that 
reaction in vitro with an ultimate carcinogen generates a trans- 
forming oncogene when the modified DNA is introduced into NIH 
3T3 cells. As DNA is the only cellular macromolecule present in 
the reactions, our experiments also show that reaction of an 
ultimate carcinogen with DNA alone can lead to the induction of 
mutations in mammalian cells. 

For these experiments we treated the DNA in vitro with r-7, 
1-8-dihydroxy-t-9,10-oxy-7, 8, 9,10-tetrahydrobenzo-(a)pyrene 
(anti- BPDE), the major ultimate carcinogen of benzo(a)pyrene © 
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Fig. 1 Southern blot showing presence of human c-Ha-ras-1 
sequences in EcoRI- or SstI-digested DNA from primary foci 
arising after the transfection of NIH 3T3 cells with pHa-1 contain- 
ing the c-Ha-ras-1 proto-oncogene treated with anti-BPDE. Lane 
a, focus 401 (EcoRI); lane b, 401. (SstI); lane c, focus 414 ({ EcoRI); 
lane d, 414 (SstI); lane e, focus 415 (EcoRI); lane f, 415 (Sst1); 
lane g, focus 417 (EcoRI); lane h, 417 (SstI); lane i, focus 403 
(EcoRI): lane j, 403 (Sstl); lane k, focus 408 (EcoRI); lane 1 408 
(Sstl); lane m, NIH 3T3 (EcoRI). 
Methods: 20 ug of DNA were digested to completion with either 
EcoRI or Sstl, electrophoresed on a 0.8% agarose gel and trans- 
ferred to nitrocellulose. The filter was hybridized at 42°C in 3 x 
SSC, 50%, formamide, 20 mM sodium phosphate, 1 x Denhardt's 
solution, 504g ml” denatured sonicated salmon sperm DNA, 10% 
“dextran sulphate with 10’ c.p.m. of a nick-translated **P-labelled 
probe of the 2.9-kb SstI fragment of pHa-! (ref. 16). The filter was 
washed in 0.1 xSSC, 0.1% SDS at 60°C and autoradiographed at 
—70 °C. 





Table1 Effect of reaction with anti-benzo(a)pyrene diol-epoxide (anti- 
BPDE) on transforming activity of pEJ 


% Transforming activity 





- DNA/ anti-BPDE ratio remaining 
4:1 0.6 
8:1 2.0 
15:1 14 
80:1 100 
800: 1 100 
1:0 100 ( = 3,000 foci pg!) 





pEJ plasmid DNA (10 pg in 20 ul 1 mM Tris-0 | mM EDTA, pH 
7.6), consisting of supercoils (form I) and relaxed circles (form I) in 
a ratio of ~2:1, was treated with solutions of anti-BPDE (in 10 pl 
ethanol) and incubated at 37 °C for 2h. The reaction mixture was then 
diluted with Tris-EDTA (20 ul) and extracted five times with 80 jl ether. 
High-molecular weight normal mouse DNA (100 pg) was then added 
and the DNA precipitated with ethanol. Aliquots of redissolved DNA 
containing 10~15 ng plasmid DNA were added to 20 ug normal mouse 
liver DNA, precipitated with calcium phosphate using the method of 
Wigler er al”, and applied to 100mm-diameter dishes seeded the 
previous day with 1.3x10° NIH 3T3 cells in 10ml of Dulbecco's 
modified Eagle's medium (DMEM) supplemented with 10% calf serum. 
After exposure to the co-precipitate for 20-22 h, the plates were washed 
and maintained in DMEM supplemented with 5% (CS). The culture 
medium was changed every 3—4 days and foci scored after 11-12 days. 


metabolism (reviewed in ref. 12), which is a potent mutagen in 
bacterial? and mammalian cells'*. To determine suitable reac- 
tion conditions between anti-BPDE and DNA that would allow 
sufficient mutations to occur without destroying the integrity of 
the gene, we examined the effect of increasing doses of anti- 
BPDE on the transforming activity of a plasmid, pEJ, containing 
the BamHI fragment of the c-Ha-ras-1 oncogene cloned from 
C EJ/T24 bladder carcinoma cells inserted into pBR322 (ref. 15). 
_.. Table 1 shows that with a reaction ratio of 80:1 DNA/ anti- 
_ BPDE, no decrease in transforming activity could be detected. 
> At ratios less than 80:1 significant reductions in transforming 
_ activity were observed. 





” "Two plas 









ds containing the coding sequence of the c-Ha-ras- 
| proto-oncogene were treated with anti-BPDE. One of these, 
plasmid pHa-1 (ref. 16), contains the 2.9-kilobase (kb) Sst] 
fragment that encompasses the coding sequence of the c-Ha-ras- 
l gene as well as a potential cap site, Goldberg-Hogness box 
and CAT upstream signal'’'*, The 2.9-kb SstI fragment does 
not contain a possible enhancer element located upstream of 
the promoter", but the requirement for this possible enhancer: 
may be circumvented in pHa-! by the presence of part of the 
long terminal repeat (LTR) of Harvey murine sarcoma virus, 
included in the vector in order to provide the Sst] site. Unlike. 
constructions that contain a complete LTR'°, pHa-1 doesn 
induce foci when transfected into NIH 3T3 cells. The secon 
plasmid, pEC, contains an insert in pBR322 of the 6.6-kb BamH 
fragment which encompasses the 2.9-kb Sstl fragment of th 
c-Ha-ras-1 gene and additional flanking sequences both 5’ an 
3‘ to the coding sequence °’; pEC, therefore, contains the potenti 
enhancer element'®, Table 2 shows that, after reaction w 
anti-BPDE and transfection, both plasmids induced: trans- 
formed foci resulted at approximately equal efficiencies whether 
plasmid DNA in the form of supercoils and relaxed circles 
DNA linearized with EcoRI was reacted with anti-BPDE (data 
not shown). The foci consisted of refractile, criss-crossing 
rounded cells, and many contained the giant cells typical of foci 
induced by tumour DNAs containing ras oncogenes. No 
were observed in any (0/25) of the plates transfected wil 
untreated DNA. Additionally, no foci were observed when NIH 
3T3 cells were transfected with pAT153, a plasmid that did not 
contain the c-Ha-ras-1 gene, but which had been reacted with 
anti- BPDE. Table 2 also shows that the numbers of foci induced 
varied with the ratio of DNA to anti-BPDE. The highe 
efficiency of focus production was observed for a ratio. of 15 
DNA/ anti- BPDE. If more anti- BPDE was used, fewer foci were 
recovered, probably because the higher level of adducts was 
deleterious to the gene. 
The levels of anti- BPDE-DNA adducts in aliquots. of the 
reacted plasmids used for transfection were measured’ using 
*p.postlabelling analysis”. At DNA/anti-BPDE ratios of = 
15:1, 4-6% of the carcinogen became covalently bound to DNA, 
the remainder being hydrated to. non-reactive tetrols. Table 2 
shows that at the highest level of focus formation (DNA/ani 
BPDE = 15:1), an average of | nucleotide in 250 was modified. 
Assuming uniform distribution of adducts throughout the pla 
mid, at this level of modification the c-Ha-ras- 1 coding segue: 
would contain an average of 2.3 adducts per DNA strand. T 
major DNA adduct was formed at the N° position 
guanine*'*, However, we also detected minor adducts that are 
thought to arise from reactions at other sites in guanine-an 
from reactions with the exocyclic amino groups in adenine and 
cytosine residues”? 
To demonstrate that transformed foci contained the transfées 
ted genes, DNA was prepared from cultures of individual foci 
and subjected to Southern blot analysis, using probes specific 
for the c-Ha-ras-1 gene. Figure | shows that foci contained 
sequences derived from the transfected plasmids. It is apparent 
from the intensity of the 2,9-kb Sst] fragment that, in many 
cases, multiple copies were present. Furthermore, multiple 
hybridizing bands were present when the cellular DNA was). 
digested with EcoRI, an enzyme which cuts the plasmids only’. 
in vector sequences, showing that the primary transfectants 
contained plasmids integrated at several sites. It is likely that 
only some of the multiple copies are activated c-Ha-ras-1 genes,’ 
the remainder being non-transforming genes that were carried” 
over in the transfection process. To simplify further analysis, 
therefore, we used DNAs from the primary transfectants in a- 
second round of DNA transfection. As has been demonstrated: 
many times, a second round of DNA transfection results in the 
loss of DNA sequences gained adventitiously in the first round. 
DNA from 23 of 26 primary foci transferred the transformed: . 
phenotype to NIH 373 cells, with an efficiency of 0.02-0.45 fo 
per ug DNA. These secondary transfers demonstrate that: the 
transforming genes detected in the first round of transfe 





























































Table 2 Induction of focus-forming activity following reaction of anti-BPDE with plasmids containing the c-Ha-ras-1 ‘proto-oncogene 















pHa-1 
© DNA/ anti-BPDE 
ratio Total foci/total plates Foci pg”! 
8:1 1/5 0.2 
15:1 48/25 1.92 
40:1 ND meme 
80:1 12/20 0.6 
300: 1 3/25 0.12 
800:1 1/10 0.1 
1:0 0/25 0 


pEC 
Fraction of nucleotides 
modified by BPDE Total foci/total plates Foci pg™' 

1/200 5/10 0.5 
1/250 17/10 1.7 

— 13/10 1.3 
171,250 4/10 0.4 
173,350 0/10 0 
1/11,600 ND — 

0 0/15 0 


pHa-1 or pEC plasmid DNA was treated with anti-BPDE, precipitated and redissolved as described for Table 1. NIH 3T3 cells were treated 
with a calcium phosphate co-precipitate containing 0.2-1 pg plasmid DNA and 20 ug carrier mouse DNA. After transfection the medium was 
changed at 3~4-day intervals and foci scored after 16-18 days. Foci of transformed cells were isolated by trypsinization in small stainless steel 

linders. To determine the levels of anti:BPDE-DNA adducts, a sample (0.17 ug) of DNA that had been hydrolysed to deoxyribonucleoside 
3'-monophosphates by micrococcal nuclease and spleen phosphodiesterase was incubated with [y- P]ATP (150 Ci) and T4 polynucleotide kinase 
(3.0 units) exactly as described elsewhere”. The °?P-labelled adducts were resolved from the labelled normal nucleotides by a four-directional 
anion-exchange polyethyleneimine—cellulose TLC system”’. The adduct spots were located by autoradiography, then assayed by Cerenkov scintillation 


counting. ND, not determined. 


could be serially passaged. Southern blot analysis of these 
second round transfectants showed that they contained only 
single or double integration events, although the c-Ha-ras-1 
enes were present in multiple copies in some instances (data 


< DNA sequence analysis of ras oncogenes cloned from human 
tumours has shown that activation results from point mutations 
in either the 12th or 61st codons*"'' Point mutations in codons 
li or 12 of the c-Ha-ras-1 gene can be detected following 
digestion of the DNA with Hpall or MspI, as the last two bases 
of codon 1] and the first two of codon 12 form a CCGG 
recognition site*, Digestion of the normal c-Ha-ras-1 gene with 
Msp] and Hpall and Southern blotting with a 600-base pair 
(bp) Smal fragment of c-Ha-ras-1 results in fragments of 355 
and 56 bp***. Mutation at the CCGG site causes the loss of the 
recognition site, resulting in the production of a single larger 
fragment of 411 bp after digestion. Figure 2 shows that when 
DNAs from secondary foci were analysed on Southern blots 
after MspI and Hpall digestion, some of them (lanes d~ 
g;j,k; n,o) contained a fragment with the mobility of the 355-bp 
fragment derived from the normal c-Ha-ras-1 gene (lane q), 
while others. (lanes b,c; h,i;m) contained a larger fragment 
which co-migrated with the 41 1-bp fragment from the c-Ha-ras- | 
oncogene present in EJ/T24 bladder carcinoma cells (lane p). 
The 56-bp fragment was not detected in the experimental condi- 
tions used here. As the EJ/T24 oncogene is known to have lost 
the CCGG site due to a GC > TA transversion in codon 12 (refs 
8, 9), this result demonstrates that some of the transforming 
genes produced following reaction with anti-BPDE in vitro 
contain alterations in either codon 11 or 12. Of 17 independent 

ci derived from modified pEC analysed so far, 4 appear to 
have alterations in this region. Of four foci derived from pHa-1, 
one is altered at. codon 11 or 12. Studies in Escherichia coli on 
mutation of the lacI gene have shown that anti- BPDE preferen- 

ally induces GC TA transversions'*. Sequence analysis of 
he transforming genes that we have produced will disclose the 


Fig. 2. Southern blot showing pres- 
ence and loss of the CCGG recogni- 
tion site at codons 11 and 12in DNA 
from secondary foci isolated after 
treating pEC with anti-BPDE. Lane 
a, NIH 3T3 DNA; lanes b and c, two 
secondary transfectants derived from 
primary focus 494; lanes d and e, 


m- 
355- 


nature of the mutations that occur in mammalian cells when 
DNA is modified by anti-BPDE. Whether the mutations repor- 
ted here have arisen through erroneous replication of damaged 
DNA templates, or as a result of error-prone repair of the lesions, 
is unknown. However, from the design of our experiments it is 
clear that these mutations result from direct modification of the 
DNA rather than from misincorporation of modified bases into 
DNA, which has been demonstrated as a mechanism for 
mutagenesis by alkylating agents”, 

Several studies have shown that tumours which arise in 
animals following administration of chemical or other car- 
cinogens contain activated ras oncogenes**”’. The reproducible 
activation of ras oncogenes in these tumours suggests that the 
activation results from the action of the carcinogen on the 
proto-oncogene. However, because of the long delay (6-9 
months) between administration of the carcinogen and appear- 
ance of the tumour, these studies do not show that the carcinogen 
is directly causing point mutations in ras proto-oncogenes. Our 
demonstration that mutations leading to transforming activity 
can be induced in a ras proto-oncogene by reaction with an 
ultimate carcinogen, therefore, shows that carcinogen binding 
can lead to mutation in proto-oncogenes and supports the con- 
cept that the induction of mutations following carcinogen-DNA 
binding is a necessary step in the multistage process of tumour 
induction. 

The generation of transforming ras genes following mutation 
of a ras proto-oncogene is an unusual mutational system as it 
represents a forward mutation. This forward mutation is readily 
scored following transfection of the DNA into NIH 3T3 cells 
and the system should be useful for determining the mutational 
alterations produced by other mutagens and carcinogens. Pre- 
liminary results with other agents suggest that they are also 
capable of causing mutations in ras proto-oncogenes. 

This paper is dedicated to the memory of Professor Peter 
Sims (1919-83) in recognition of his pioneering studies on 
polycyclic hydrocarbon activation carried out at this Institute. 





two secondary transfectants derived from primary focus 495; lanes f and g, two secondary transfectants derived from primary 496; Janes h 
and i, two secondary transfectants derived from primary 497; lanes j and k, two secondary transfectants. derived from primary 501; lanes | 
and m, two secondary transfectants derived from. primary 505; lanes n and o, two secondary transfectants derived from primary 508; lane p, 


pEJ; lane q, pEC. 


Methods: 20 ug of DNA were digested to completion with MspI and Hpall, electrophoresed in a 3% agarose gel and transferred to a 

nitrocellulose filter. The filter was hybridized with 8 x 10’ c.p.m. of nick-translated *?P-labelled probe of the 600-bp Smal fragment from pHa-! 

using conditions described elsewhere". The filter was washed in 0.1 x SSC 0.1% SDS at 60°C and autoradiography was carried out at —70 °C 
„Tor 72h. In these conditions no cross-hybridization of the probe to the endogenous NIH 373 c-Ha-ras sequences was detected. . 
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the transforming protein of Rous sarcoma virus! (RSV), is 
a protein kinase” that has a strict Specificity for tyrosine’. The 
phosphorylation of cellular proteins by p60°°° (ref. 4) results in 
transformation. Recently, Barker and Dayhoff? discovered that 
residues 259-485 of p60" have 22% sequence identity with 
residues 33-258 of the catalytic subunit of cyclic AMP-dependent 
orotein kinase, an enzyme that has a specificity for serine. Because 
t was necessary to introduce eight gaps to align the two proteins, 
the question remained as to whether this apparent homology reflec- 
ed a common evolutionary origin. We demonstrate here that the 
ATP analogue p-fluorosulphonylbenzoyl 5'-adenosine (FSBA) 
inactivates the tyrosine protein kinase activity of p60" by reacting 
with lysine 295. When aligned for maximum sequence identity, 
lysine 295 of p60° and the lysine in the catalytic subunit which 
ilso reacts specifically with FSBA are Superimposed precisely. 
Chis functional homology is strong evidence that the protein 
sinases, irrespective of amino acid substrate specificity, comprise 
i single divergent gene family. 
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Fig. 1 a, FSBA inactivates 
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the phosphotransferase 
activity of p60**; b, compe- 
tition by adenine nucleo- 
tides; c, protection by 
adenine nucleotides. Each 
point in b and c represents 
the average of two determi- 
nations, 

Methods: a, SR-RSV-A- 
infected chicken cells were 
lysed in Nomidet P-40 
(NP40) buffer (150mM 
NaCl, 10.mM sodium phos- 
phate pH 7.2, 1% NP40, 1% 
Trasylol, 2mM EDTA) and 
p60" was isolated by 
immunoprecipitation with 
rabbit anti-carboxy- 
terminal peptide serum’, 
The immunoprecipitate was 
washed in the same buffer 
and aliquots were frozen at 
~80°C. For each experi- 
ment in a-c a single 
immunoprecipitate was 
thawed and washed once in 
phosphate-buffered saline 
(PBS; 10. mM sodium phos- 
phate pH 7.2, 150mM 
NaCl). In d, half was incu- 
bated at 30°C for Q, 15, 30 
or 60min in kinase buffer 
alone (10 mM sodium phos- 
phate pH 7.2, 5 mM MgCl, 
1.3% dimethyl sulphoxide) 
and the other half in kinase 
buffer with 1.0mM FSBA. 
At each time point an 
aliquot was removed, 
washed twice with 150 mM 
NaCl, 10 mM sodium phos- 
phate pH 7.2, 1% NP40, 
once in kinase buffer ahd 
stored as a pellet on ice. When all the preincubations had been comp: 
leted, the samples were resuspended in 5 pl of 10 mM sodium phosphate 
pH 7.2, 5mM MgCh, 5 pCi y*P-ATP (3,000 Ci mmol”: Amersham). 
1.0 pM cold ATP, 2 mM [Val Jangiotensin H (Sigma) and incubated at 
30°C for 4 min. These conditions produced linear incorporation:of * 
into [Val Jangiotensin H throughout the reaction. p60 was inactivated 
by heating the sample to 90°C for 1 min, All samples were analysed by 
one-dimensional electrophoresis at pH 3.5 on cellulose thin-layer plat 
as described elsewhere’. b, A single p60" immunoprecipitate w 
washed once in PBS and equivalent aliquots were allowed.to phospho: 
late [Val*Jangiotensin II for 4 min in the presence of 10 yM or 100 4M 
competing adenine nucleotide as described above. The concentration 
of y*P-ATP, 1.3 uM, was below the Km for ATP of p60"° which 
12 .M*°. This explains the apparent lack of competition at 10 uM ATP: 
Competition is pronounced, however, at 100 uM ATP, which is well 
above the Km. ¢, A single immunoprecipitate of p60* was washed once 
in PBS and equivalent aliquots were preincubated for 45 min in-kina i 
buffer and 1.0mM FSBA in the presence of the indicated adenin 
nucleotide at a concentration of either 200 or 1,000 pM. After 45 mi 
the slurry was washed twice with kinase buffer supplemented with 1% 
NP40 and once in kinase’ buffer alone. Remaining kinase activity was 
determined by the assay described for a. el 
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The structure of FSBA is similar to that of ATP except that- 
the three phosphates have been replaced by a side chain of 
similar size, which contains a reactive sulphonyl fluoride group 
in the position of the y- phosphate’. Using an antiserum specific 
for the carboxy terminus of p60" (ref. 8), we isolated the enzyme 
by immunoprecipitation in a form capable of phosphorylating. 
[Val ]angiotensin H (ref. 9) with linear kinetics. Preincubation 
with 1.0mM FSBA destroyed the phosphotransferase activity 
of p60" in a time-dependent fashion (Fig. 1a). If FSBA inacti- 
vates p60" by reaction with the ATP-binding site, the strength 
of various adenine nucleotides as competitive inhibitors of poo. 
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Fig. 2 a, p60* incubated with FSBA yields a novel tryptic peptide. 1, p60°; 2, p60°° incubated with 200 4M FSBA; 3, p60° incubated 
with 200 M FSBA and 1.0 mM ADP. Tryptic peptides A and A’ are indicated. b, Tryptic peptides A and A’ are related. A, S. aureus protease 
digest of tryptic peptide A; A’, S. aureus protease digest of tryptic peptide A’. A +A', mixture of S. aureus protease digests of peptides A 
and A’. 
Methods: a, Three immunoprecipitates containing p60°" were prepared with rabbit anti-RSV tumour serum from three 100-mm dishes of 
PR-RSV-C, stock 1°) infected chicken cells which had been labelled overnight in Dulbecco’s minimal essential medium containing 10% of 
the normal concentration of methionine, 4% dialysed calf serum and 1.0 mCi *°S-methionine (1,400 Ci mmol”'; Amersham). Cells were lysed 
.. in NP40 buffer (see Fig. 1) and immunoprecipitates washed in the same buffer. One immunoprecipitate was incubated at 30 °C in kinase buffer 
< alone, a second in kinase buffer supplemented with 200 pM FSBA and the third with kinase buffer supplemented with both 200 M FSBA 
and 1.0mM ADP. After incubation for 40 min, the immunoprecipitates were each washed three times in 150mM NaCl, 10mM sodium 
_ phosphate pH 7.2, 0.1% NP40 and boiled in sample buffer supplemented with 50 mM Tris-HCI pH 6.8, to destroy the sulphonyl fluoride 
groups of residual FSBA molecules. Samples were fractionated on SDS-polyacrylyamide gels which were dried without fixation. p60° was 
= Focated by autoradiography, eluted, oxidized with performic acid, subjected to exhaustive digestion with trypsin and analysed by two-dimensional 
“mapping as described previously****. Electrophoresis on cellulose TLC plates was carried out at 1.0 kV for 27 min at pH 4.72. Electrophoresis 
. was from left to right with the origin on the left and the negative electrode on the right. Ascending chromatography was performed for 6h 
in a buffer composed of butanol/pyridine/acetic acid/H,O, 97:75:15:60 (v/v), pH 5.3. In this buffer hydrophobic peptides migrate more 
: rapidly than hydrophilic ones. Plates were dried after chromatography, dipped in 2-methylnaphthalene, 0.4% diphenyloxazole, and the peptides 
visualized by fluorography. b, Peptides A and A’ were isolated by elution from two-dimensional maps (see Fig. 3) and digested exhaustively 
with S. aureus V8 protease as described previously**. The digestion products were analysed by mapping as in Fig. 3, except that electrophoresis 
was for 8 min instead of 27 min. 
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hħould be proportional to their ability to protect the ATP- 
binding site from reaction with FSBA. ADP and ATP were 
otent competitive inhibitors of p60°° when assayed using 
Val’ Jangiotensin H as substrate. Both were also very effective 
n protecting p60°° from inactivation by FSBA (Fig. 1b, c). AMP 
and cyclic AMP, however, were both poor competitive inhibitors 
and ineffective in protecting the enzyme from inactivation by 
“PSBA. We conclude that FSBA inactivates p60°° by reacting 
_with the region that binds ATP. 
< Inspection of a two-dimensional map of the *°S-methionine- 
Jabelled tryptic peptides of p60°° from Prague RSV of subgroup 
oC (PR-RSV-C) reveals that modification of p60°° by FSBA 
Caused a single methionine-containing peptide, designated A, 
o. decrease in intensity and a new peptide, designated A’ to 
ippear (Fig. 2a). Secondary digestion of these two peptides 
“with Staphylococcus aureus V8 protease!’ produced one identical 
peptide and one unique peptide (Fig. 2b). A and A’ were 
herefore related. The disappearance of A and appearance of 
A’ were both prevented by the presence of a fivefold excess of 
Me’*-ADP (Fig. 2a). Because Mg**-ADP blocks both enzymatic 
nactivation by FSBA and the covalent modification responsible 
or the appearance of peptide A’, we reasoned that an amino 
icid within peptide A’ is located within the ATP-binding site 
of p60’. 

To determine which amino acid in peptide A’ had reacted 
with FSBA, peptides A and A’ were isolated and subjected to 
automated amino-terminal sequence analysis. Methionine 

esidues were found at positions 7 and 19 in peptide A and at 
“positions l1 and 23 in peptide A‘ (Fig. 3). Peptide A‘ therefore 
differs from peptide A in that it contains four additional amino 
acids on its amino-terminal end. This would occur if FSBA 
modified. a site of tryptic cleavage, rendering it insensitive to 
digestion by trypsin and fusing peptide A with an adjacent 
ryptic peptide composed of four amino acids. Inspection of the 
sequence of p60 reveals that only the tryptic peptide containing 
residues 292-315 could be peptide A’. Peptide A would therefore 
contain residues 296-315. Consequently, FSBA modified lysine 
95 (Fig. 3). 
FSBA is known to react specifically with the ATP-binding 


site of cyclic AMP-dependent protein kinase and to modify 
lysine 71''. In addition, FSBA reacts with a homologous lysine 
residue in the cyclic GMP-dependent protein kinase, which has 
42% sequence homology with the cyclic AMP-dependent pro- 
tein kinase within this region'?. Lysine 295 of p60** aligns 
precisely with the reactive lysines found in these cyclic nucleo- 
tide-dependent protein kinases. Therefore, the tertiary structures 
of the ATP-binding regions of both cyclic nucleotide-dependent 
serine kinases and the tyrosine kinase p60°* all position a 
homologous lysine residue such that it reacts with FSBA. This 
is compelling evidence that the sequence homology exhibited 
by p60°° and these serine kinases reflects structural and func- 
tional homology, and reinforces the notion that the protein 
kinases, irrespective of their amino acid substrate specificity, 
share a common ancestry. 

In addition to the src gene of RSV, six other classes of RNA 
tumour viruses harbour transforming genes which encode or are 
likely to encode tyrosine protein kinases. The sequence of five 
of these genes, yes (ref. 13), fps (ref. 14), abl (ref. 15), fer (ref. 
16) and erbB (ref. 17) (whose cellular homologue encodes the 


epidermal growth factor receptor™'®), are known. They exhibit 


90, 48, 51, 82 and 38% amino acid sequence homology, respec- 
tively, with the catalytic domain of p60** (ref. 20). Each contains 
a lysine residue at a position homologous to lysine 295 of p60°° 
(Fig. 4). 

In all these proteins, a cluster of glycines with the sequence 
Gly-X-Gly-X-X-Gly lies 16-28 residues to the amino-terminal 
side of the lysines implicated in binding ATP (Fig. 4). X-ray 
crystallographic studies have shown that a region containing an 
identical constellation of glycines can be found between two 
B-pleated sheets that form the adenine dinucleotide binding 
pocket of lactate dehydrogenase (LDH)"". This region functions 
as an essential ‘elbow’ adjacent to the ribose~phosphate moiety 
of the adenine dinucleotide portion of NAD*'” and is proposed 
to perform the same function in the GTP-binding domain of 
p2i™ (ref. 23), the transforming protein of Harvey and Kirsten 
sarcoma viruses. Alcohol dehydrogenase, glyceraldehyde 3- 
phosphate dehydrogenase and glutathione reductase also bind 
adenine nucleotides as cofactors*', but have less that 25% 
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lated by aspiration from 
“two-dimensional maps (see 
Fig. 2) and eluted three 
times with a total of 600 yl 
of pH 4.72 electrophoresis 
` buffer. These eluates were 
` pooled, lyophilized and dis- 
‘solved in 0.2ml of 0.1M 
NaHCO, (pH 9.0) contain- 
ing 10% n-propanol. 50 mg 
of aminoethylamino propyl 
PG-500-200-» . Controlled 
` Pore. glass beads (Sigma) 
that had been activated with 
“phenyl _ diisothiocyanate?® 
“were. then added. After 
coupling was complete, the 
immobilized peptide was 
subjected to sequence 
analysis by the Edman 
degradation procedure” 
“using. a solid-phase peptide 
sequencer’, The graphs 
present the radioactivity , 
recovered at each cycle. The | A 
¿Predicted amino -acid 
sequence encompassing 
peptides A and A’ is shown 
at the bottom. Arrows indi- i 
cate tryptic cleavage sites. A TLKPGTMSPEAFLOEAQGVMK 
The predicted sequences of n 2 
tryptic peptide A and the A’ vai KTLKPGTMSPEAFLGEAQVMK 
FSBA-modified tryptic pep- FSBA 
tide A' are also shown. The major peaks of radioactivity correlate with 
the positions of methionine residues. The radioactivity found in cycle 
34n the analysis of tryptic peptide A and in cycle.7 in the analysis of 
Aryptic peptide A’ is unlikely to be due to methionine residues at these 
Positions. Lysine 299 is resistant to tryptic cleavage because it is followed 
by a proline. Some fraction of the peptides will be coupled to the solid 
support through both their a-amino group and the ¢-amino group of 
lysine, 299 but’ not through. their carboxy-terminal lysine 315. These 
peptides will be released from the resin at step 3 (peptide A)-or at step 
7 (peptide A’), To obtain highly radioactive quantities of tryptic peptide 
A for analysis, we found it convenient to isolate poo’ from bacteria 
containing a PR-RSV-A lac=src. expression vector? rather than from 
infected cells. 1 ml of exponentially growing bacteria, at an Asso of 0.6, 
were incubated for [0 minat 37°C in methionine-free minimal medium. 
Transcription of the lac promoter’ was induced with 1.0 mM isopropyl 
thiogalactoside for 2 min, and the cells were then labelled with 0.5 mCi 
*°§-methionine for 20 min in’ methionine-free medium. p60°° was iso- 
lated by immunoprecipitation from the bacterial lysate in RIPA buffer 
using a rabbit anti-RSV tumour serum. 
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Fig.4 Alignment of amino acid sequences surrounding one ATP-binding region of the kinase family. Amino acids homologous to lysine 295 

are boxed. The sequences presented correspond to residues 38-132 of the bovine catalytic 

subunit”, 273-351 of p60 (ref. 20), 544-769 of p90% (ref. 13 ), 927-1,009 of pi 408" (ref. 14), 368-448 of p120®8*™ (ref, 15), 273-295 

of p6? ®™ (ref..17), 100-181 of p37" (ref. 24), 602-622 of plogsemi n (ref. 41) and 463-491 of p160"*"™" (ref, 26). Amino acid abbreviations: 

H, His: 1, He; K, Lys; L, Leu: M, Met: N, Asn: P, Pro; 
aS Val; W, Trp; Y, Tyr. 


-and the Gly-X-Gly-X-X-Gly sequence of p60" 





Alas. C,-Cys: D, Asp; E, Glu; F, Phe; G, Gly: 














sequence homology with LDH. All contain this cluster of gl 
cines. The Gly-X-Gly-X-X-Gly region of the protein kinases 
may also have a similar role in binding ATP. 
The proteins encoded by the mos (ref. 24), mil/ raf (refs 25, 
41) and fms (ref. 26) viral oncogenes also have homology with 
the kinase domain of p60™°. All their products, however, lack 
obvious kinase activity”, The fact that all encode a lysine 
residue in a position homologous to that of lysine 295 of poos 
and that each contains a similar cluster of glycines (Fig. 4) 
implies that each may well have nucleotide-binding activity. 
We argue that it is significant. that the residue with which 
FSBA reacts is lysine. The positive charge carried by the.c-amino 
group of this lysine could withdraw electron density from: thi 
y-phosphate of ATP and activate it for nucleophilic attack b 
the -OH group of a serine, threonine or tyrosine residue. Altern 
tively, this lysine could act as a general base by abstractin 
proton from the hydroxyl group of the amino acid substr 
We predict that alteration of lysine 295 in p60™, or of t 
homologous lysines in the other viral tyrosine protein: kinase 
by site-directed mutagenesis of cloned DNA, will eliminate b 
Kinase activity and transforming activity. ae 
We thank Tony Hunter for encouragement and for comment 
on the manuscript. This work was supported by USPHS grant: 
CA-14195, CA-17289 and GM-19301. Eik 
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The transforming gene of avian myelocytomatosis virus MC29, 
y-myc, causes a variety of malignancies in chickens’. A cellular 
homologue’, c-myc, | has been implicated in B-cell malignancies in 
mice and humans’ but is also expressed in many normal cell 
types’ and may be important in the control of normal cell prolifer- 
ation®. c-myc is highly conserved in vertebrates’. We have been 
investigating the relationship between c-myc expression and the 
terminal differentiation of cultured’ mouse erythroleukaemia 
(MEL) cells. We find that the level of c-mye messenger RNA 
shows a rapid biphasic change in MEL cells induced to differenti- 
ate by dimethyl sulphoxide or hypoxanthine. The changes occur 
during the first few hours of the differentiation programme and 
require active protein synthesis. These data suggest that changes 
in c-myc expression may be important in the irreversible commit- 
ment of MEL cells to terminal erythroid differentiation. 

< MEL cells are transformed erythroid precursor lines that can 
be induced to differentiate into mature erythroid cells by a 
variety of chemicals'”''. Although continuous exposure to the 
inducer is not required for differentiation to occur, a latent 
period of 12-24 h is necessary before an increase in the number 
of committed cells, capable of differentiating in the absence of 
inducer, can be detected'™!?. After 48-72 h exposure to 1.8% 
dimethyl sulphoxide (DMSO) 80-90% of MEL cells undergo 
irreversible commitment. 

Logarithmic cultures of MEL cells (line 745) were induced 
with 1.8% DMSO. Aliquots of cells were removed before DMSO 
treatment and at various time points afterwards. Total cellular 
RNA was extracted’? and analysed on RNA blots after elec- 
rophoresis in denaturing agarose gels'*. c-myc expression was 
analysed by hybridizing the blots with pc-myc-Bam/Bam'*'®, 
@ recombinant plasmid containing a 5.5 kilobase (kb) BamHI 
fragment of a rearranged mouse c-myc gene which includes 
exons 2 and 3. Untreated MEL cells contain readily detectable 
amounts of a 2.3-kb transcript that hybridizes with the c-myc 
probe (Fig. la, lane 1). This transcript is the same size as the 

myc mRNA found in normal mouse spleen'’ and lymphoid 
cell lines’®. After 2h of DMSO treatment, the level of c-myc 

RNA decreased approximately 15-fold. c-myc RNA remained 
tow until 12 h but increased to pretreatment levels by 18 h (Fig. 
la). Thereafter c-myc mRNA declined gradually, as terminally 
differentiated benzidine-positive cells accumulated after 24- 
120 h of DMSO treatment!' (data after 48 h not shown). The 
early biphasic change in c-myc mRNA levels seen in Fig. la 
was observed in four separate DMSO induction experiments. 
In some experiments the initial drop in c-myc mRNA occurred 

es early as | h after DMSO treatment (Fig. 3a). 
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Fig. 1 Relative levels of c-myc, B-globin and B-actin mRNAs 
during DMSO induction of MEL cells. a, RNA blot hybridization 
with **P-labelled pc-myc-Bam/Bam, described in the text. 
Autoradiographic exposure time was 72h. Densitometric analysis 
of the autoradiogram using a Joyce Loeb! densitometer indicated 
that the level of hybridization to c-myc mRNA at 2,4 and 8h 
was less than 7% of the level at 0h. b, The blot in a was incubated 
at 80°C for 3h in 0.1 x Denhardt’s solution, 5 mM Tris-HCI, pH 
8.0, 0.2mM Na;-EDTA and 0.05% sodium pyrophosphate to 
remove hybridized radioactivity. It was then hybridized with a 
mouse -globin cDNA recombinant, pCRIBMG9 (ref. 20). 
Autoradiographic exposure time was 20h. c, The blot in b was 
treated as above to remove hybridized radioactivity and then 
hybridized with a chicken B-actin cDNA recombinant, pAC269 
(ref. 21). Autoradiographic exposure time was 5h. RNA was pre- 
pared from a single logarithmic culture of MEL cells, induced by 
diluting the culture to 2x 10° cells ml7! in Dulbecco's modified 
Eagle’s medium (DMEM) supplemented with 10% fetal bovine 
serum, 100 Umi! penicillin-streptomycin and 1.8% DMSO. 
Aliquots of cells were removed at the indicated times. The propor- 
tion of benzidine-positive cells in the culture, determined as pre- 
viously described**, was: 0-18h, 1%; 24h, 3%; 30h, 8%; 40h, 
28% ; 120 h, 80%. Total RNA was prepared by phenol extraction 
at 60°C!="4 RNA from 2x10° cells was fractionated by elec- 
trophoresis and transferred to nitrocellulose paper'*. Hybridization 
probes were labelled to specific activities of 0.5-1 x 108 dip.m. pm! 
by nick-translation with **P:TTP and dCTP (ref. 29). The blots 
were incubated at 65°C for 4h in a solution containing 5 x SSC, 
10x Denhardt’s solution, 50 mM sodium phosphate, pH 6.8 and 
50 pg ml7! denatured salmon sperm DNA and then hybridized at 
65°C for 16h in the same solution containing 2x10°-5 x 
10° d.p.m. ml! of the specific probe. Unhybridized radioactivity 
was removed by incubation at room temperature for 30 min in 
2xSSC and 0.1% SDS, followed by incubation at 55 °C for I h in 
0.1xSSC and 0.1% SDS, The blots were dried and exposed to 
Kodak XAR-5 film with two intensifying screens. The positions of 
288 and 18S ribosomal RNAs in the gel, visualized by ethidium 
bromide staining, are indicated in the figure. 


A similar biphasic change in c-myc mRNA levels was observed 
on treatment of cells with hypoxanthine, another inducer of 
MEL cell differentiation” that is unrelated in chemical structure 
to DMSO (Fig. 2). The biphasic change in c-myc mRNA levels 
observed after hypoxanthine treatment differed from that seen 
in cells treated with DMSO, in that the restoration of c-myc 
mRNA level occurred earlier (at 4 h) and was more pronounced. 
Southern blot analysis of restriction enzyme digested genomic 
DNA from MEL cells did not reveal amplification or gross 
rearrangement of the c-myc gene (data not shown). 

To compare the changes in c-myc mRNA levels resulting from 
DMSO treatment with that of other mRNAs, the blot shown in 
Fig. la was erased and rehybridized with two other mRNA- 
specific probes. Figure 1 b shows the results obtained by hybridiz- 
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Fig. 2 Changes in c-myc mRNA content during MEL cell induc- 
tion with hypoxanthine. Cell culture was performed as described 
in Fig. | except that induction was carried out in medium supple- 
mented with 5 mM hypoxanthine. Procedures for RNA preparation 
and analysis were as described in Fig. 1 legend except that 20 pg 
of total RNA was used in each lane. The proportion of benzidine- 
positive cells in the culture at the indicated times was: 0-24 h, 
1-2%; 30h, 4%; 48h, 12%; 120h, 60%. Autoradiographic 
exposure time was 48 h. 
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Fig. 3 Effect of protein synthesis inhibition on the changes in 
c-myc MRNA levels in DMSO-treated MEL cells. a, MEL cells 
incubated at 37°C in the presence of 1.8% DMSO, b, Cells incu- 
bated as a with the addition of 0.5 wg mi~’ cycloheximide, a dose 
that has been shown to inhibit 90% of protein synthesis and to 
inhibit reversibly cell division and commitment of MEL cells*°’. A 
logarithmic culture of MEL cells was diluted to 3 x 10° cells m7! 
in growth medium and then split into two. The cultures were 
incubated at 37°C for 5h in the presence or absence of cyclo- 
heximide. At time 0 both cultures were supplemented with 1.8% 
DMSO and incubation was continued at 37 °C for 24 h, Procedures 
for RNA preparation and analysis were as described in Fig. 1. The 
blots were hybridized simultaneously with **P-labelled pe-myc- 
Bam/Bam and a mouse histone H3 recombinant pRAH3-2 (ref. 
22). Autoradiographic exposure time was 48 h. An exposure time 
of 24h showed that H3 mRNA levels were relatively constant 
during the course of the experiment. 


ation with a mouse 8-globin cDNA recombinant, pCR18BMG9 
(ref. 20). Untreated cultures of MEL cells contain a low level 
of B-globin mRNA''. In contrast to the rapid decline and 
subsequent increase seen for c-myc mRNA, the basal level of 
B-globin mRNA was relatively constant during the first 30 h of 
DMSO treatment. By 48h, a large increase in the level of 
-globin mRNA was seen, correlating with the presence of 28% 
benzidine-positive cells observed in the culture at this time. 
B-actin mRNA levels were analysed by hybridization with a 
chicken actin cDNA clone, pAC269 (ref. 21), which cross- 
hybridizes to mouse B-actin mRNA. The level of the 2.2-kb 
G-actin MRNA (Fig. 1c) increased moderately during the first 
18 h of DMSO treatment. Thereafter the level declined gradually 
is the. cells underwent terminal ‘differentiation. Finally, in a 













































separate induction experiment, we also determined the levels” 
of histone H3 mRNA by hybridization with a mouse H3 gene 
probe, pRAH3-2 (ref. 22). H3 mRNA levels were nearly constant 
during the 24 h of observation in this DMSO induction experi 
ment (Fig. 3a). 

To determine whether changes in c-myc expression induce 
by DMSO in MEL cells requires protein synthesis, we studi 
the effects of cycloheximide treatment on c-myc mRNA levels 
Figure 3 compares the results from cells exposed to DMSO 
alone (Fig. 3a) with those from cells exposed to DMSO plus 
cycloheximide (Fig. 36). Two differences in the pattern are 
noted. First, whereas the DMSO-induced decline occurs in-thi 
presence of cycloheximide, the decline is delayed by about Ih 
Second, the restoration of c-myc mRNA levels which occurs in 
DMSO-treated cells at about 12 h, does not occur in the presenc 
of cycloheximide and DMSO even after 24 h of treatment. Th 
level of H3 histone mRNA was also assayed in these samples 
(Fig. 3a, b) and was found to be relatively constant during the 
24h treatment with DMSO, with or without cycloheximide. We 
conclude that the decline and re-expression of c-myc MRN. 
levels have different requirements for protein synthesis. Th 
DMSO-induced decline does not absolutely require new protein 
synthesis, although the rate of decline is reduced in the absence 
of protein synthesis. In contrast, the reappearance of. compe 
mRNA is dependent on continued protein synthesis. 

The results reported here show that c-myc mRNA levels in 
MEL cells undergo very rapid dramatic changes during the first 
12h of chemically induced differentiation. The fact that thë 
changes are specific for c-myc mRNA and occur during the 
latent period of induction, before irreversible commitment tak 
place, suggests that they may be important events in preparing 
the cells for terminal differentiation. ee 

c-myc mRNA levels were also observed to decline gradually 
during the later stages of differentiation. A reduction in 
mRNA has been noted after terminal differentiation in the 
human promyelocytic line HL-60 (ref. 23) and F9 teratoca 
cinoma cells**, The early changes, however, are specific forc-m 
RNA, while both B-actin (Fig. 1c) and histone H3 mR 
(our unpublished observations) also decline in MEL cells durin 
this period. These late changes, therefore, probably indicate 
more general restriction in gene expression which reflec 
nuclear and chromatin condensation during terminal differenti 
ation of MEL cells. 

It is possible that the early changes in c-myc expression coul 
be secondary to other changes, for example the distributio 
cells in the mitotic cell cycle. c-myc is thought to be expressed 
in G, phase of the cell cycle” and DMSO induction of MEL 
cells has been reported to lead to a transient accumulation « 
cells in G; after ~12 h 7°"’, However, we believe such an explan- 
ation to be unlikely for two reasons. First, hypoxanthine doi 
not lead to accumulation of cells in G, (ref. 27) and yet 
inducer caused a very rapid biphasic change in c-myc mRN 
levels. Second, the level of histone H3 mRNA, which is markedl 
reduced in G, and G, MEL cells”, was found to be const 
during the first 24h of DMSO treatment. If cell cycle-relate 
events were responsible for changes in c-myc mRNA content 
during DMSO treatment, we would have expected to observe 
changes in the level of H3 mRNA. 

The mechanisms regulating c-myc expression are not known. 
Recent studies of c-myc expression in mitogen-stimulated cells 
indicate that mitogenic induction of c-myc mRNA does not. 
require new protein synthesis. Inhibition of protein synthesis. 
during mitogenic stimulation leads to ‘superinduction’ of cmyc 
mRNA, suggesting that c-myc mRNA levels may be regulated 
by a labile, protein inhibitor’. The observation that the early. 
decline in c-myc mRNA in DMSO-induced MEL cells is delayed. 
by protein synthesis inhibition is consistent with such a model.’ 
However, the fact that the decline occurs in the presence of 
cycloheximide suggests that if a negative regulator is present, it 
is not labile in these cells. In contrast to mitogenic induction of. 
c-myc mRNA, the restoration of c-myc mRNA levéls in MEL 
cells 12-18 h after DMSO treatment requires the continuatior® 





p y This suggests that c-myc gene expression 
s also controlled by a positively acting protein factor. 
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Class If molecules of the major histocompatibility complex 
MHC) are heterodimeric glycoproteins expressed on-the surface 
of antigen-presenting B lymphocytes and macrophages’. The genes 
mcoding the œ- and -chains of the class II heterodimers, A, Ag 
and E,Ep, have recently been characterized at the molecular 
el, and certain cloned genes were shown to be functionally 
xpressed after introduction into cells by DNA-mediated gene 
ransfer™’.“One study’ found that a transfected E°, fp gene was 
xpressed in a macrophage cell only after treatment of cells with 
-interferon.. DNA sequences associated with transfected Class II 
MHC genes may therefore have a regulatory role in their cell 
pe-specific expression. We report here the identification of a cell 
type-specific transcriptional enhancer element associated with the 
mouse E% gene. 
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We“ and others”’® have recently shown that the tissue-specific 
expression of immunoglobulin heavy-chain genes is regulated 
by an immunoglobulin heavy-chain gene-associated enhancer 
element located between Jy and C,. This enhancer functions 
in cells which normally express heavy-chain genes but not in 
cells derived from other tissues, for example, fibroblasts. The 
possibility that an enhancer element might be associated with 
the mouse E, gene was tested by subcloning restriction frag- 
ments of the gene and its flanking regions into the EcoRI site 
of plasmid pSER and testing the ability of the recombinant 
plasmids to transform the B lymphoma line, A20-2J (ref. 11) to 
the gpt* phenotype (growth in the presence of mycophenolic 
acid). This plasmid was derived from plasmid pSV2gpt (ref. 12) 
by removing the simian virus 40 (SV40) enhancer sequence’. In 
the absence of any E, gene fragments, plasmid pSER transfor- 
med A20-2J cells to gpt* at a frequency of <5 x 107° while the 
transformation frequency obtained with the parental plasmid, 
pSV2gpt (containing the SV40 enhancer) was ~10°*. We con- 
clude from these data and similar results with the myeloma cell 
line, J558L (ref. 8), that plasmid pSER is dependent on the 
addition of enhancer sequences for efficient transformation. 

Only one region out of 28 kilobases (kb) of E, coding and 
flanking sequences (Fig. 1) was found to be positive in this 
assay—a 4.1-kb HindIfl-EcoRI fragment containing the first 
exon and approximately 2.7 kb of upstream sequence (see Table 
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is some distanéd (2.5 kb) away from the SV40 promoter, and 
„the 4:1-kb fragment worked equally well in both orientations 
(see below), we tentatively conclude that an enhancer element 
is located in this region of the E, gene. 

The subfragments shown in Fig. 1 were then tested for their 
ability to substitute for the SV40 enhancer. These fragments 
` included three which extend from the 5’ end of the 4.1-kb 

fragment: (Hind UI site) but differ at their 3‘ ends. As seen in 

Table 1b, fragments extending either to the BstXI site near the 
`. Ep gene promoter (HX fragment) or to the BamHI site at about 

—600 base pairs (bp) (HB fragment) were shown to contain full 

enhancing activity. The BstXI to EcoRI fragment (XR), contain- 

ing the first Ez gene exon and a portion of the first intron, had 
; no detectable activity. We have previously reported that two 
short sequences present upstream of the E, gene promoter are 
conserved in the corresponding regions of the murine E, and 

DR,, genes’ (see Fig. 3). As the HB and HX fragments worked 

equally well in the enhancer assay, even though these sequences 
_- were not contained in the HB fragment, we conclude that these 
elements are not necessary for enhancing activity. 









































Tablel Relative transformation frequencies of pSV2gpt and derivative 





plasmids 
: Transfected cells 
Een Plasmid A20-2J JSS8L L 
pSV2gpt 1.0 
pSER <0.1 
pSER~13+pSER~13 R 0.55 
pSER -0.7 +pSER -0.7 R <0.1 
pSER~1.9+pSER-19R <0.1 
pSER—12+pSER-12R <0.1 
pSER ~8.6+pSER~8.6.R 0.05 
pSER ~4.1+pSER-—4.1 R LJ 
pSV2gpt 1.0 1.0 1.0 
pSER <0.05 0.02 0.05 
pSER~ X; (heavy chain) 19 1.5 0.05 
pSER-4.1 R 1.6 <0.02 0.04 
pSER -4.1 1.6 
Li pSER-HX R 19 

. pSER-HX 1.9 
pSER-BX R 0.17 
pSER-BP R <0.05 
pSER -HB R 2.0 <0.02 0.05 
pSER~HB 2.0 
pSER~PBR <0.05 

.pSER-HP R <0.05 
pSER-AAR <0,05 
pSER-XR R <0.05 





Cells were transfected by protoplast fusion as described” and plated 
¿at 2x10 cells per well (A20-2J), 10* cells per well (J558L) or 10* and 
10° cells per 100 mm dish (L cells). Selective medium contained myco- 
phenolic acid at 1 wg mi~! (A20-2J),-6 pg ml! (JS58L) or 25 pg ml! (L 
cells). The transformation frequencies were. normalized to a value of 
<. 1.0 which was assigned to the frequency obtained with plasmid pSV2gpt 
* (1074 for A20-25, 4x 104 for J558L and 2x10 for L cells). a, Four 
EcoRI fragments (13, 0.7, 1.9 and 12 kb long) covering ~28 kb of the 
E, gene and its flanking regions (see Fig. 1) were cloned in both 
orientations into the EcoRI site of plasmid pSER. Bacterial cultures 
containing plasmids with the same fragment in both orientations were 
mixed before protoplast preparation. The positive 13-kb EcoRI fragment 
was subdivided into an 8.6-kb HindIII fragment and a 4,1-kb Hind- 
EcoRI fragment. These fragments were cloned by blunt-end ligation 
into the EcoRI site of plasmid pSER and tested for transformation 
. efficiency against A20-2J. b, The 4.1-kb HindIN~EcoRI fragment was 
further subdivided as described in the text. Each plasmid was tested at 
> least.three times using constructs containing the test DNA fragment in 
both orientations. For most fragments, only the reverse orientation with 
tespect to gpt transcription is shown. Plasmid nomenclature: see Fig. | 
_. for the restriction fragments inserted into the EcoRI site of plasmid 
- opSER. The letter R refers to the reverse orientation used for the trans- 
< formation data shown. 








~ Subfragments of the 2.0-kb HB fragment were negative 
pSER assay (Table 1). These include the fragments produced | 
by cleavage with Pvull (HP and PB) and a fragment spanning 
the Puull site (AA). Thus it seems that the sequences required 
for enhancer activity are scattered over the 2.0-kb HB frag- 
ment. 
Next we tested the recombinant plasmids that gave posit 
results in A20-2J cells for enhancing activity in other murine. 
cell types (Table 1). No activity was detected when the 4.1-kb 
or HB fragment recombinants were used to transfect fibroblast 
(L cells), indicating that this enhancing activity is tissue-specific. 
These same plasmid constructs also gave negative results in a 
myeloma J558L, a tumour of plasma cells which are terminall 
differentiated B-lineage cells not expressing class TI antige 
In contrast, the pSER recombinant containing _ th 
immunoglobulin heavy-chain enhancer? was positive in bot 
the B-lymphoma (A20-2J).and myeloma lines. We conclude ti 
the cell type-specific expression of the E, gene is due, at leas 
in part, to the functionality of its associated enhancer elemen 
In order to prove more directly that the E, gène- carries a 
associated enhancer element, we inserted the HB fragment int 
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Fig:2 Enhancement of y2b heavy-chain mRNA transcriptionin 
J558L myeloma and A20-2J lymphoma cells. a, Diagram of plasmid 
pSV-72bAX,,, (ref. 8) and the site. of insertion of the 2.0-kb HB 
fragment from the 5’ flanking region of the E% gene. This plasmid, © 
contains a functionally rearranged y2b heavy-chain. immuno- 
globulin gene but the heavy-chain enhancer has been removed (see 
Gillies et al, for details). The HB fragment was. inserted in both 
orientations ~1.4kb upstream of the y2b promoter. b, Diagram 
of the S, nuclease protection assay used to measure y2b MRNA 
levels. A single-stranded HindIII to BstNI fragment (140 nucleo» : 
tides, nt) was hybridized to total cell RNA (20 wg) from transfected: 
and control cells. The 40-nucleotide major protected fragment is 
indicated. c, Electrophoretic analysis of fragments protected by 
RNA from cells transfected with plasmid pSV-y2bAX;3,, (lanes E`: 
and 5) and. recombinants containing the heavy-chain enhancer 
(lanes 2 and 6} or the E$ HB fragment in the normal (lanes 3 and: 
7) or reversed orientations. (lanes 4 and 8). An arrow indicates the 

40-nucleotide major protected fragment. 
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ee ere errs CLE OENN EEE EEE AST EEE OME RE 


TRTGIGTGTSTGTGTGTGTGTSTGCGCGCGCGCAGGTGTGTSTGTGTGTGTGTGTGTECaCGCGCAGGTGTETETGTGTGTGTETETETTETETETECGC 
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GCGCGTGCGCGTSTGCAGGTGTGTGTGTGTGCAGATTACAAACCTGTGTGTGCAGATGTATTAATAAGTGTGCCTGTATGCACGTGGAGGGCAGAGGTCA 
GCATCTGGTGTCTTTCTCAGTTGCTATTAGCCTCCTTATTTTGAGATAGGGTCTATCACAGAGACCTAGAGATTTTGAGCTGGCAGGCCACTGAGCCTTG 
GGGACCTGTCTGTCTCAGCCACTCCAGAGTTGTGACTAGAAGAGAACACTACGTTTTITTTTTTTTTAATGTGGGTACAGTGTGCCCCAACTTAGGTCCT 500 
CATCCTTGTTTGGCATACACCTTACCAATTGAGTCATTTCCCAGCCCCAAGTGGTCAGGTTCTACAGTGTTCACATCATATGCAATTACTGGTCATGGAG 
TTGGTCAAATAAGGAAATCAGATTCTGAAAACTAATCTTCCAAATACCTGCTGACGTGCT TAGCAGGTAAAGCTGGTTTTTTTTTTTITTTTTGCCAAA 
CTTGAGGAGTTCAAGCCCCAAGTCCCAGCAAGGAGAAAGTGAGTCATGARAATTGAGCTTTGACCACCACATGTGACAGGCATGCTGTGACATGTGACAC 
ATATACACACATACTCAAGCACACACACATGCACACTAGATAAATCCATGTAATAAAAACTTTAAATGTAATAATCTTCCCACTTGGGCCTTTTAGCACA 
GTCTGTGATCTGAGCAAGTTCGGATGTTAAGGCAGGAGGATCACATGTTCAAGGCTAACCTAGGCAATTAATGAGTCCTGCCTGAAAGGAGAGAGAAAGG 1000 
GAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGATCTGGGCCTCTAGCTCAGTGGGAGGCCTTTGCCCAGCATGCTGTGG 
TILTAGSTTCAACCCCTAGTACTTTATTCTOCCCAGTGTTAGTTTAAACTTTAAGGAGGTCAATGCTTTGCCATGGGGCAGCTGACAGGAGATCTAGATG 
GGGAAAGAACTTAAACTCTTCCCATATACGATACTAATCTTTAGGGTTGTGAGAAGTCTAGTTCCCTCCCTGAGAATCCACAGTAATTTTAGATCTGACC 
TCAGCCTGTTGTGCTAAAAGATAGATGAACACATCTCTCAAGGTGGCCCACCAAGTCAGAGAACTGCTTCAGTCCTGATCCAGCTCAGCGATGCTCTCCA 
CACTCCCCAGTCTCTCTCTCTCTCTCTCTCTCTCTCTCICTCTCTCTCTCCTCTCTCAACACTTCAACTGAACCAGACCCTCATCTCCCTAGGATGCCCA 1500 
GCCTCTGCTCTGAATGTCTCCCTTGAGGACTGGGTTTTAGATAACAACAGGGACCCTCCTCTGTGCCACTAAAGTCAGTAACAGTTCAGGGGTCAAGCTS 
GGAACATCCCTTATGTCAGGACTATACCATGACTAACCT TAATTTTCCATTAGCTTGTTAGAATTTCCCTAGCTGAAGAAGTGCAGACTCCACTGTCCAR 
TCAAGAGGCTAAATTCTGCTTCGTCATTAGTTACTAGGGAAGGT TGCTCCTCTAGGCGTCCACAGAAGCACAGCCTTCAGTTCTAGAGTAGGTGGCAACT 
TTCCCTGAAACAAACACACTTCAGTCACTTTTAACACCGACACTACTGAGCTGAAGTGCAGTAAGCGCTAGGCT AAAGGTGCTTGGCTGACAGTCTCTTC 
CTTCACCTTTGATCTCACACAACTTCAAACACACACCAGCCTTGTTTAGGAAACACTCCCCCAGTGCTCAAACTGAGTAAAAGACTGACCATCCCAGAGC 2000 
TGGCCCAGCTCTGTGGCCTGATTAAAGTGTTTCAGTTGCAACTGGATCCAGCATTTAAAAAAAGAAAATAAATTGATCCTTTAAAAAATAATATATAATT 
TATACCCAGAAGAAGTTATATGTGTATACAATGTATTT TGAGCCTATCCACCACCCACTACCTCCTTCCAGCTTCTTTTGGAACCTTCCAATAATGTTTC 
CCTTCCCAAATTCATTTCCTCT TT AAACAACAACAACAACAACAACAACAACAACAAACCAAAAACACACACACAAAAAAAACAAACAAACAAACAAACA 
AACAAAAAACCCAAAGCAAAACCCTTCTCTCCTITIGITTGTTTGGTTTTTGTIGTIGITTATTTGITTGTTAATTAGAGACAGAATCTTACTATGTAGA 


Pou IT 
GCAGGCTGACCTTTCTATCTCACAAATATCCAGCTGCCTCTGCCTCCTGAGTGCTGGGATATGAGGCAT GGGCCAGCAGCCCAGACTGAGTATCCATGTA 2500 











ATGAAGAGAACTGCAAGT TT CAGAAGGGGACCTGCAAACTGAATCTCTAAET AGCAACTGATGATGCTGGACTCCTTTGATGLTGATTGGeTCCCAGCAC 


BatXxl 
TGGCCTTACECAAIICCAGTGGCAAAGCAGTGAATGTCCTGTCTCTRATTAICT TAGCAATGAGTAAAGAGAATTAAGTTACAGTCTGAAGTTTGCCTTCC 


~26 -20 -10 
MET Val Trp Leu Pro Arg Val Pro Cya Val Ala Ala Val Ile Leu Leu Leu 


CCTCTGACTCCTGTGTCTCCTCTCCTGCAGC ATG GTG TGG CTC CCC AGA GTT CCC TGT GTG GCA GCT GTG ATC CTG TTG CTG 
anaana aaa A ne een 


-}1 1 
Thr Val Leu Ser Pro Pro Val Ala Leu Val Arg Asp Thr Arg P 


ACA GTG CTG AGC CCT CCA GTG GCT TTG GTC AGA GAC ACC AGA C GTAAGTGCACACCTCAGGTGCTGGGATGCTTGGGGTCGGGG 


j Fig. 3. Sequence of the 5' flanking region and exon | of the mouse E % gene. The sequencing strategy is shown in Fig. 1 and was performed 

by standard procedures'’, Exon 1 is underlined with a thick line. Boxed sequences include two conserved sequence blocks shared with £E, 

and the human DR, genes* (nucleotides 2,551 and 2,583), the “CCAAT box at 2,610 and the ‘TATA’ box at 2,646. Short sequences resembling 

: enhancer ‘core’ elements are underlined and their orientations with respect to E, transcription are indicated with arrows. Three long stretches 

of purine-pyrimidine asymmetry are also underlined and begin at nucleotides 13, 1,001 and 1,411. Stretches of alternating purines and 
pyrimidines are indicated with a dotted line. 


lasmid pSV-y2bAX;,, and analysed the levels of y2b mRNA 
n stably transformed A20-2J or J558L cells (pools of several 

ependent colonies.) Plasmid pSV-y2bAX,,, contains the 
oding sequences and transcriptional promoter for the y2b 
mmunoglobulin heavy chain but lacks the heavy-chain enhan- 

r". High-level expression of the y2b gene in cells transformed 

vith pSV-y2bAX,,, was shown previously to be dependent on 
the addition of a functional enhancer® 4. 

The levels of y2b mRNA, determined by S; nuclease protec- 
tion, were compared in A20-2J and J558L cells transfected with 
plasmid pSV-y2bAX,,, containing either no inserted DNA, 
dragment X,,, (heavy-chain enhancer), or the E, HB fragment 


in either orientation (Fig. 2). The results show that J558L. cells 
transfected with the construct containing the heavy-chain enhan- 
cer contained high levels. of y2b mRNA (lane 2 of Fig. 2¢), 
confirming the results of our previous report”. In contrast, no 
y2b mRNA could be detected in J558L ‘cells transfected with 
the constructs containing the Eg HB fragment in either orienta- 
tion (lanes 3 and 4), even with much longer exposures of the 
autoradiogram (not shown). A lower level of y2b mRNA (rela- 
tive to JSS8L cells) was detected in A20-2J cells transfected with 
the plasmid construct containing the heavy-chain enhancer frag- 
ment (lane 6). In contrast to the results with JSS8L cells, A20-2J 
cells transfected with the Eg HB fragment constructs contained. 















; of y2b mRNA that were comparable to that seen in the 
same host ‘cell (A20-2J) with the heavy-chain enhancer (lanes 
Tand 8). 

Transfected cell lines were analysed further by Southern blot- 
ting to determine the plasmid copy numbers (data not shown). 
Except for the J558L line, obtained by transfection with the 
heavy-chain enhancer-containing plasmid (one or two copies 
per cell), all of the lines of both A20-2J and J558L contained a 
high. copy number (about 40 copies per cell). This dramatic 

` effect of the heavy-chain enhancer on the plasmid copy number 
in J558L transfectants, obtained by gpt selection, was described 
previously". When the level-of y2b mRNA (determined by 5, 
nuclease protection; Fig. 2) is normalized to the number of gene 
copies, it seems that the strength of the heavy-chain enhancer 
in J558L as opposed to A20-2J is even greater than the differences 
_ seen in the intensity of the S,-protected bands (Fig. 2, lanes 2 
and. 6). Note, however, that factors suchas mRNA stability or 
‘differential promoter strength may also affect the steady-state 
levels of y2b mRNA in the two cell types. Nonetheless, these 
results are in agreement with the data obtained from the pSER 
“transformation assay (Table 1) and demonstrate that the heavy- 
chain sequences function as an enhancer in both B-cells and 
plasma cells, albeit with different strength, while the E, HB 
fragment functions as an enhancer in the B lymphoma expressing 
“glass Tl antigens but not in the myeloma not expressing these 
antigens. Thus, functioning of this enhancer correlates with the 
~ expression of the E, gene in the terminal stages of B lymphoid 
cell differentiation. 

DNA sequence analysis of the 5’ flanking regions of the E% 
gene revealed no significant similarity to the heavy-chain ania: 
cer (Fig. 3). The enhancer ‘core’ sequence, IGT GGEYSG 3 (ref. 
14), common to most known viral and cellular enhancers, occurs 
once in this region around nucleotide 2,150 and is oriented in 
the direction opposite that of E, transcription. Three ‘core-like’ 
‘sequences, each containing a C residue between the third and 

` fourth G residues of the core consensus sequence, are located 
-between nucleotides 551 and 767. These sequences are spaced 
“approximately 100-bp apart and each successive repeat contains 
<an additional A or'T between the third and fourth G residue 

than the one before it. A fourth ‘core-like’ sequence containing 
` five A or T residues is located around nucleotide 1,100. All four 

= tcore-like” sequences are contained within the Hind IlI~Poull 
(HP) and Avall—Avall (AA) fragments which by themselves 
have no enhancer activity {Table 1). 

The most striking feature of the sequence in this region is the 
dinucleotide repeats beginning with 24 TC repeats near the 
Hind l site. This is followed by a track of alternating purine- 
pyrimidines which extends for approximately 170 bp with only 

five single base pair interruptions. Shorter stretches are also 
found around nucleotides 250 and 800. Such sequences are 
known. to have the potential of forming left-handed Z-DNA’, 
however this property is not by itself sufficient for the enhancing 
activity of the E, enhancer as these sequences are located within 
the inactive HP fragment. 

There are two additional tracks of purine-pyrimidine asym- 
metry——a GA repeat between nucleotides 1,001 and 1,054 and 

-a TC repeat between nucleotides 1,411 and 1,450. It is not yet 
-known whether such sequences have a role in Eg enhancer 
function. It should be noted, however, that the (TC)24~(GA)27— 
(TC) tracts are all contained in the HB fragment (the smallest 
fragment with full enhancing activity) whereas the inactive HP, 
PB and AA fragments contain only one or two. Clearly, the 
individual contributions of the elements described above as well 
as those involved in the strict cell-type specificity of this enhancer 
will require much more refined analyses. 

The results presented above provide another example of a 
cell type-specific cellular enhancer element which is likely to 

play an important part in the regulated expression of the associ- 


ated gene. It will be interesting to determine to what extent the: 


“expression of other eukaryotic genes is controlled by enhancers 
-Or similar cis-acting elements such as the upstream activation 
__ Seienee (UASs)!® of yeast and the ‘modulator’ sequences of 








the sea ‘urchin histone! 7 human insulin and chymotryps 
genes aig 
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It is generally agreed that frequency selectivity of the mammal 
hearing organ is mainly due to a graded elasticity. of the. basila 
membrane’. Recent measurements of basilar membrane motion? 
hair cell receptor potentials* and neural tuning curves? show tha! 
fi Frequency selectivity can be extremely sharp. It has been suggest 
that in non-mammalian. species. there are additional tuning 
mechanisms in the sensory hair cells themselves, either by virtu 
of their electrical membrane properties® or through a gradatio 
in length of their sensory hairs’*. Indeed, sensory hair mechanical 
tuning has been demonstrated in the lizard’, We have investigated 
the mechanical properties of sensory hair bundles in the guinea 
pig organ of Corti, and report here that hair-bundie stiffness 
increases longitudinally towards the high-frequency end of th 
cochlea, decreases radially towards the outer rows of cells, and 
greater for excitatory than for inhibitory deflection. On the basis 
of these findings, we suggest that sensory hairs confer frequency- 
specific, nonlinear mechanical properties on the hearing organ. 
The preparation used in our experiments consisted of a segs 
ment (about three-quarters of a turn) of the cochlear partition 
from the second (T2), third (T3) or fourth (T4) turn. of the 
cochlea, carefully dissected free and maintained at room tem- 
perature in tissue culture medium (L-15 Leibovitz liquid 
medium; Gibco Bio-Cult). After the removal of the tectorial 
membrane in incident light, the coil was transferred to a micro- 
scope chamber where it was held horizontally and rotated to 
select the desired cells and to allow appropriate alignment of 
hair. bundles on the inner (FHC) and outer (OHC) hair cells 
with respect to a measuring probe. The probe comprised: as 

























Fig. 1 Schematic illustration of the way in which a quartz glass 
fibre is applied to the stereocilia of an inner hair cell. Pushing 
; towards the left, sufficient force is applied to move the tip of the’ 
tallest row of stereocilia by 1 um. The degree of bending of the 
glass fibre gives a measure of sensory hair stiffness. The measure- 
_ ments were performed on isolated coils of guinea pig organ of Corti. 









ertically-held quartz glass fibre ~1 jm in diameter and 500- 
00 um long. Force was applied by pushing the fibre perpen- 
icularly against the row of stereocilia in a selected. hair cell 
(Fig. 1) until the row was displaced by | jm (Fig. 2). The stiffness 
of the hair bundle (the force required to produce a | pm dis- 
placement of the bundle) was determined from the bending of 
the probe which had been previously calibrated for stiffness. 
igns of trauma to the sensory hairs and of degeneration in the 
ell ‘bodies could be detected under the microscope and hence 
such ‘regions were avoided. A full description of the criteria 
sed to assess viability is given elsewhere". 
Measurements of inner hair cell membrane potential (usually 
60% of the in vivo values) were used as further controls to 
determine the physiological condition of the preparation. Stiff- 
ness values. and membrane potentials. remained constant 
throughout the lifetimes of the preparations (3 to 4h). 
We observed that the stereocilia within a row held together 
as if linked to one another; when force was applied at one point, 
neighbouring segments of the row were pulled along in the 
displacement. The stereocilia do not bend but pivot at the base; 
they are brittle and fracture at the base when displaced by more 
an 2 um. The stiffness of sensory hairs in all four rows of the 
three coils was measured in 130 cells from 15 preparations. The 
data and a statistical analysis are given in full elsewhere'’. The 
results are summarized graphically in Fig. 3, where each 
measurement is the average of over 23 readings from at least 
four cells at each location. There is an increase in stiffness of 
the sensory hair bundle towards the base of the cochlea, with 
OHC exhibiting a greater increase than IHC: for example, the 
stiffness. values for the first row of OHC are 0.78 £0.22, 1.22+ 
0.40 and 3.47+0.70 dyn cm”! in turns T4, T3 and T2, respec- 
tively. There is also a gradation in stiffness radially among OHC, 
iffness decreasing from the first to the third row. 
The sensory hairs also vary in length in the different rows. If 
the sensory hairs act as levers with elastic hinges at their bases, 
the measured stiffness of the sensory hairs should be propor- 
tional tothe. product of the angular deflection and the inverse 
of the length. The lengths of the sensory hairs were measured 
ithe three cochlear turns, and the ratio of the angular deflection 
to the length was calculated and plotted in Fig. 3: clearly, the 
Variation in the length of sensory hairs could account for some, 
but not all, of the variation in torque stiffness (it is assumed 
the pivot has constant angular stiffness). 
Another significant finding is that the stiffness is greater for 
force applied in the direction that would, in physiological terms, 
be excitatory (that is, away from the centre of the coil) than in 
_ the inhibitory direction. The excitatory/inhibitory stiffness ratios 
óf 1.90.7 (n= 20) for IHC and 2.5+1.3 (n=20) for OHC 
om T3 are significantly different (P <0.1). As these estimates 
























































Fig. 2 Photograph (from above) of a row of stereocilia belonging 

to an inner hair cell being approached and pushed by the glass 

fibre probe (arrow) during an experiment. The sequence is shown 
schematically on the right. 
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Fig. 3 Open bars, stiffness of sensory hairs of inner hair cell 

(THC) and outer hair cells of rows I (OHC1), 2 (OHC2) and 3 

(OHC3) in the second (T2), third (T3) and fourth (T4) turns of 

the guinea pig cochlea, Hatched bars, ratio of sensory hair angular . 

deflection to length at the same locations. The measurements were 
made in the excitatory direction. 


of excitatory/inhibitory ratios were obtained at greater than 
normal physiological deflections, it is not possible to estimate 
whether the observed nonlinearities are present at low stimulus 
levels. 

The results presented here were obtained from in vitro prepar- 
ations at room temperature (21-23 °C), and by the application 
of relatively large-amplitude’? static displacements. Although’ 
these conditions are highly non-physiological, the experiments. 

















































anics that also apply in the dynamic physiological situ- 
ation. The implications of our results are that sensory cells in 
different coils may be tuned, just as is the basilar membrane, 
and contribute to frequency selectivity of the organ through 
coupling of the sensory hairs of outer hair cells to the tectorial 
membrane. The observation of asymmetrical stiffness in the 
sensory hair in response to alternating stimulus directions may 
relate to another question at the heart of contemporary cochlear 
physiology—that is, the nature of the mechanical nonlinearity 
seen at low and moderate sound pressure levels’. The structure 
responsible for this phenomenon is known to be involved in 
that part of cochlear transduction which accounts for the finest 
tuning and which is biologically vulnerable. Furthermore, it has 
been implicated in generating the nonlinearities seen in active 
‘components of the acoustic mechanical response 4 
. The above results suggest that the function of the mammalian 
hearing organ as a highly-tuned mechanoreceptor depends not 
only on frequency selectivity in the basilar membrane but also 
on tuning and nonlinear properties in the sensory hairs of the 
receptor cells, and on their coupling to the tectorial membrane. 
This work was supported by grants to A.F. from the Swedish 
MRC (04X-0246), the Söderbergs Foundation and Stiftelsen 
Tysta Skolan, and to D.S. from the USPHS (NS 00255, NS 
08193). 
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competitive binding to specific receptors? 
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Most proteins are insensitive to the presence of anaesthetics at 
concentrations which induce general anaesthesia, while some are 
inhibited by certain agents but not. others’. Here we show that, 
over a 100,000-fold range of potencies, the activity of a pure 
soluble protein (firefly luciferase) can be inhibited by 50% at 
anaesthetic concentrations which are essentially identical to those 
which anaesthetize animals. This identity holds for inhalational 
agents (such as halothane, methoxyflurane and chloroform), 
aliphatic and aromatic alcohols, ketones, ethers and alkanes. This 
finding is all the more striking in view of the fact that the inhibition 
is shown to be competitive in nature, with anaesthetic molecules 
competing with substrate (luciferin) molecules for binding to the 
protein. We show that the anaesthetic-binding site can accommo- 
date only one large, but more than one small, anaesthetic molecule. 
The obvious mechanism suggested by our results is that general 
anaesthetics, despite their chemical and structural diversity, act 
by competing with endogenous ligands for binding to specific 
receptors. 
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Fig. 1 Inhibition of luciferase activity at surgical levels. of- 


halothane. The curves show luciferase activity (light intensity) as. 
a function of time, after the rapid mixing of luciferase and luciferin: 
with ATP. For the lower curve, the final concentration of halothane. 
was 0.45 mM, equivalent to.a partial pressure of 0.0073 atm. For 
all experiments reported here, 2.5 ml of a buffered ATP solution: 
in an air-driven syringe was rapidly injected into a vial containing 
5 ml of a buffered solution of luciferase, luciferin and MgsSO,, wit 
or without anaesthetic. Final concentrations of ATP and MgSO; 
were 2 mM and 6.7 mM, respectively, in 25 mM glycylglycine buffer, 
at pH 7.8 and a temperature of 224 } °C. The final concentration: 
of luciferase was of the order of 10 nM. Variable concentrations’ 
of luciferin and anaesthetics were used. For this figure, the final 
luciferin concentration was 2M. The effects of anaesthetics.o 
luciferase were shown to be reversible by dilution of the anaes: 
thetic, after which, activities returned to within (at worst) 10% ‘of 
control values. The time to maximum response increased slight! 
in the presence of all anaesthetics. This was probably. due to the 
competitive nature of the inhibition—the same effect was observed. 
when the luciferin concentration was lowered. Light intensity was: 
measured with a photomultiplier tube and the output stored on a. 
digital transient recorder. Desiccated firefly lanterns and pD 
luciferin were supplied by Sigma. Using these lanterns and the 
procedure of Branchini et al*, we obtained the pure crystalline 

luciferase which we used in all our experiments. 


In order to test the hypothesis that general anaesthetics. 
directly on protein, it is essential to study a pure. prote 
completely free of lipid, so that any effects observed can | 
interpreted unambiguously in terms of anaesthetic-protein i inte: 
actions. Previous work with whole cells™ and partially purifie 
extracts?” suggested that the light-emitting luciferase proteins 
would be good candidates. We purified the luciferase enzym 
from the North American firefly Photinus pyralis using affini 
chromatography* and obtained a pure crystalline protein, com 
pletely free of the substrate luciferin (see Fig. 1 legend: fo 
details). Firefly luciferase combines with its substrate luciferi 
(molecular weight 280), in the presence of ATP, Mg** and O. 
to give a photon of light’. When the reactants are rapidly mixed 
an initial burst of light is followed by a slow decay (see Fig. 1) 

The maximum rate of light production was extremely sensitiv 
to the presence of anaesthetics (see Fig. 1). We first measured. 
EDsp concentrations for a wide range of general anaestheti¢s at 
a luciferin concentration equal to the Ko of the uninhibited 
enzyme, in conditions where ATP, Mg** and O, were not rate-: 
limiting. The resulting anaesthetic potencies are plotted in Fi 
2 against the corresponding general anaesthetic potencies for 
whole animals. These data show a striking correlation betwee 
luciferase and whole animal potencies over a 100,000-fold range, 
with all points lying to within a factor of about 2 from the line 
of identity. This identity is all the more remarkable in view of 
the diversity of anaesthetics used. 

We next determined the mechanism of anaesthetic inhibitio 
by measuring enzyme activities over a range of both luciferi 
and anaesthetic concentrations. We found the inhibition to 
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Fig. 2 Identity of general anaesthetic concentrations needed to 
anaesthetize whole animals and to inhibit luciferase activity by 
50%, for a diverse range of simple anaesthetics over a 100,000-fold 
range of potencies. The line is the line of identity. The data are 
plotted as potencies, defined as reciprocals of aqueous EDs, con- 
centrations (M). Symbols: (], man; x, mouse; +, newt; ©, tadpole; 
A, goldfish. For the luciferase measurements, the luciferin con- 
centration was equal to the K,, of the uninhibited enzyme. In our 
conditions, the average uninhibited K„ was 14 yM luciferin. Whole 
animal EDs) concentrations were obtained from the following 
sources: man (compounds 7, 10, 12, 13: Table 6 of ref. 18}; mouse 
(compounds 7, 10, 12, 13: Table 3 of ref. 19, and compounds 15, 
17: Table 11 of ref. 20); newt (compounds 7, 8, 10, 12: ref. 21); 
tadpole (compounds 1-8, 10, 11, 14: Table 5 of ref. 20, compounds 
“16, 18: Table 4 of ref. 20, and compounds 9, 12, 13: ref. 22); and 
goldfish (compounds 7, 10, 12, 13: ref. 23). When the ED,, was 
given as a partial pressure, it was converted into an aqueous 
concentration as described previously'*. For compounds 15 and 
17, the gaseous concentrations given in Table 11 of ref. 20 were 
‘converted to aqueous concentrations using Henry’s law constants 
at 37 °C, calculated using the data in Table 4 of ref. 24. Anaesthetics 
are referred to as follows: 1, methanol; 2, ethanol; 3, acetone; 4, 
n-propanol; 5, butanone; 6, paraldehyde: 7, diethyl ether; 8, 
. n-butanol; 9, benzyl alcohol; 10, chloroform; 11, a-hexanol: 12, 
halothane; 13, methoxyflurane; 14, n-octanol; 15, pentane: 16, 
n-nonanol; 17, hexane; 18, n-decanol. 


rely competitive in nature, with the anaesthetic molecules 
mpeting with luciferin molecules for binding to the protein. 
‘his is shown for halothane in Fig. 3, where it can be seen that 
he anaesthetic increases the apparent Michaelis constant (K°?") 
thas no significant effect on the maximum activity (Vinax)- 
Further information on the anaesthetic~protein interaction is 
tained in the values of the slopes of Fig. 3. Each slope 
rovides an accurate value for K2?/V,,,,, and these values 
each divided by the slope in the absence of anaesthetic) are 
lotted against anaesthetic concentration in Fig. 4a. The function 
A), so. defined, is the factor by which the uninhibited Km 
reases in the presence of an anaesthetic at a concentration 
nterestingly, the data points do not lie on a straight line 
<0,001), but fit a quadratic equation. very accurately. This 
mediately suggests that. two molecules of halothane are in- 
ved in the inhibition. The simplest way to explain our data 
o: assume that two halothane molecules can bind indepen- 
ently to the protein, each with a dissociation constant Kj, but 
at the presence of only one is sufficient to cause inhibition. It 
then easy to show that (A) =(1+A/K;,)’, so that a plot of 
e square root of f(A) against.A would give a straight line with 
slope of 1/ K;. Figure 4a shows that the halothane data do 

ndeed give an excellent straight line when plotted in this way, 
giving a value of K; =0.54 mM. 





We next inve gated whether the two halothane molecule 
were acting at two well-separated. sites, or whether both sites 
were contained within a single region of limited size, such as a 
small hydrophobic: pocket. If the latter were true, one, would 
expect that, with progressively larger anaesthetic molecules, a 
point would be reached at which only a single molecule could 
be accommodated. We therefore studied the effects of the 
homologous series of n-alcohols, from methanol to n-decanol. 
We found that for the lower members of the series, up to and 
including hexanol (see Fig. 4b), the inhibition resembled that 
of halothane in that more than one anaesthetic molecule was 
involved. However, for octanol and decanol, the pattern of 
inhibition suddenly changed. For these large anaesthetics it was 
clear that only a single molecule was involved in the inhibition 
(see, for example, Fig. 4c). The plot of f(A) against A is a 
straight line (even up to very high anaesthetic concentrations 
where f(A) = 14; Fig. 4c), whereas the square root plot is no 
longer linear. This is consistent with a scheme in which only a 
single anaesthetic molecule binds, for which f(A) = 1+ A/K,. 
It thus appears that the anaesthetic molecules bind to the protein 
at a site of limited size. 

Some idea as to the size of the site can be obtained from our 
data. Because the site can accommodate two molecules of 
hexanol but only one of octanol, the minimum volume of the 
site must be roughly that of two hexanol molecules, or about 
250 ml mol” '. (Interestingly, a hydrophobic pocket of a similar 
size has also been found in B-lactoglobulin'®!'.) The space- 
filling models in Fig. 4d demonstrate the similarity between the 
molecular sizes of two hexanol. molecules, two halothane 
molecules, one decanol molecule and the substrate luciferin. 
Taking these size considerations together with the competitive 
nature of the inhibition, our results strongly suggest that the 
anaesthetic molecules are binding within the luciferin site. This 
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Fig..3 Halothane inhibits luciferase activity by competing with 
its substrate luciferin. The reciprocal of the maximum rate of light 
production (the peak height) is plotted, in relative units, against 
the reciprocal of the luciferin concentration, at various concentra- 
tions of halothane: @, control; ©, 0.15mM; A, 0.30 mM; V; 
0.45 mM; ©, 0.60 mM; ©, 0.75 mM. Data’ points are the means of 
multiple measurements, and the error bars give the maximum 
spread of the data. Where error bars are not shown, the spread of 
the data was less than the size of the symbol. The straight lines 
were fitted to the data using the method of least squares, with 
weighting factors proportional to the square of the enzyme 
activities*®. Essentiall y identical lines were obtained using distribu- 
tion-free procedures*®. Halothane was supplied as Fluothane 
(ICI); the stabilizer, thymol,. which is present in Fluothane, did 
not inhibit. luciferase activity at the concentrations achieved in 
these experiments. : 
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Fig. 4. The anaesthetic binding site on luciferase can accommodate 
two molecules of halothane, two molecules of hexanol, but.only one 
molecule of decanol. Details of the competitive inhibition are revealed 
“by analysing the slopes of the double-reciprocal plots. a, Halothane, b, 
n-hexanol; c, n-decanol. The function f(A), where A is the anaesthetic 
concentration, is the ratio. of the slopes of double-reciprocal plots (see, 
for example, Fig:.3) in the presence and absence of anaesthetic. Since 
ve not affected by. anaesthetics, f(A) is thus the factor by which 
the uninhibited K, increases in the présence of anaesthetic. Alterna- 
tively, f(A) can be taken as the ratio of luciferin concentrations which 
would be required to produce the same activity. in both the presence 
and absence of anaesthetic. Error bars give the standard errors in f(A) 
and Vf(A); where error bars are not shown, the standard error was less 
than the size of the symbol. The lines were calculated using the method 
of least squares, with weighting factors proportional to the reciprocal 
of. thé squares of the. standard errors. From the slopes of the straight 
dines, the inhibition constants K, were calculated to be 0.54 mM for 
halothane, 1.3.mM for n-hexanol and 2.8 pM for n-decanol. d, Space- 
filling models showing, from. left to. right, the relative sizes of two 
“molecules of halothane,.two molecules of n-hexanol, one molecule of 
<  nedecanol.and one molecule of the substrate luciferin. 





“conclusion is supported by the finding that luciferin binds in a 
hydrophobic pocket'*!*, which presumably extends to the 
water—protein surface. Such a binding site might naturally be 
expected to have both polar and apolar parts, an apparent 
characteristic of the general anaesthetic target site'* 

“The possibility that a wide range of structurally and chemically 
dissimilar molecules might cause general anaesthesia by compet- 
ing at specific sites on proteins for the binding of an endogenous 

ligand might, at first sight, seem very implausible. How could 

_a site which specifically binds a particular ligand accommodate 

the diverse range of molecules that cause general anaesthesia? 
While a detailed answer to this question must await future work, 
our luciferase data nonetheless show clearly that such sites on 
proteins do exist. 

The molecular mechanism of general anaesthesia may well 
involve a number of different protein—anaesthetic inter- 
actions'*"'’, Our results, however, emphasize the central role 
competitive inhibition may have. The diverse functions, and 
even the identities, of many neuropeptides and transmitters in 
the central nervous system are only beginning to be elucidated, 

“but it is easy to imagine that general anaesthetics may act by 
competing with such endogenous ligands. (For example, a small 
peptide with one or more hydrophobic amino acid residues 

< would be an obvious candidate.) This raises the intriguing possi- 

_ bility that if the endogenous ligands can be identified, it may 

: be possible to design general anaesthetic agents that are far 

a more -specific than those currently available. 

© We thank Professor Alan Fersht for help throughout this 

“work; John Akins for technical assistance, Mike Harris and 
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Theories of the origin of optical asymmetry in living systems place 
‘undamental importance on the amplification of optical asymmetry 
by an autocatalytic process'~*. The replication of a polynucleotide 
_is one obvious choice for such an autocatalytic growth mechanism. 
If an optically homogeneous polynucleotide could replicate by 
directing the polymerization of monomers of the same handedness, 
‘while excluding monomers of the opposite handedness, its chiral 
descendants would come to dominate what was once an achiral 
nvironment. Recently, two highly efficient template-directed reac- 
‘tion systems have been developed for the oligomerization of acti- 
vated guanosine mononucleotides (Fig. 1) on a poly(C) template*”. 
he synthesis of L-guanosine 5'-mononucleotide® makes it possible 
o study chiral selection in these systems. We report here that 
oly(C)-directed oligomerization of activated guanosine mononu- 
cleotides proceeds readily if the monomers are of the same optical 
handedness as the template, and is indeed far less efficient if the 
‘monomers are of the opposite handedness. However, in template- 
directed reactions with a racemic. mixture, monomers of the 
jpposite handedness to the template are incorporated as chain 
terminators at the 2(3’) end of the products. This inhibition raises 
‘an important problem for many theories of the origin of life. 

System I involves the poly(C,)-directed oligomerization ‘of 
‘guanosine 5’-phospho-2-methylimidazole (2-MelmpG) in the 
presence of Mg’*. D- and L-2-MelmpG were synthesized from 
their respective 5’-nucleotides’, and all other procedures were 
carried out as described previously". Figure 2 shows HPLC 
elution profiles of the product distribution obtained from the 
various reactions. 

In the absence of a template, the D and L isomers of 2- 
MelmpG, of course, give identical mixtures of products (Fig. 
2a,b); dimers and smaller amounts of trimers are formed. The 
“presence of a poly(Cp) template leads to highly efficient 
oligomerization of D-2-MelmpG (Fig. 2c). The major peaks in 

he HPLC profile correspond to all 3’~5'-linked oligo(G)s rang- 
hg in length from the dimer to about the 20-mer. Poly(C,)- 
directed oligomerization of L-2-MelmpG is far less efficient (Fig. 
2d), though a comparison of Fig. 2b and d shows that there is 
a well-defined template effect for the L isomer. The major 
‘template-directed products are GppG, (pG), and Gp(pG)., and 
there is also a substantial increase in the yields of Gp(pG), and 
ip(pG).4. 
»The HPLC profiles in Fig. 2e and f show the product distribu- 
ion obtained in template-directed reactions with a racemic 
Haaien ann 
able 1. Yield of oligo(Gp)s from the poly(Cp)-directed condensation 
of activated guanosine mononucleotides 





; System I System H 
~ 2-MelmpG Oligo(Gp) ImpG Oligo(Gp) 
0.025 M. D- 14 0.01M D- 30 
0.05M D- 75 0.02M _ D- 19 
QOSM DL- 32 00M DL- 2 
00M DL- 35 002M DL- 2 


Reaction conditions for systems 1 and II are given in the legends to 

gs | and 2, respectively. Oligomer yields are the percentage of radio- 

active Gp residues incorporated into newly synthesized oligomers of 

tetramer length and longer. The values shown are the difference between 

template-directed oligomerization and oligomerization in template-free 
-agontrols, 








on we laëa 
~ ; 20. G 
R O 





OH OH 


Fig. 1 Structure of guanosine 5'-phospho-2-methylimidazolide 
(R=CH,, as used in system I) and guanosine 5'-phosphorimi- 
dazole (R = H, as used in system IT). 


mixture of 2-MeImpG. Clearly, the L isomer substantially 
reduces the efficiency of oligomerization of the D isomer. 
Furthermore, the single major series of peaks corresponding to 
all 3’-5'-linked oligo(G)s has been replaced by complex groups 
of up to four peaks, suggesting that oligomers containing both 
D- and L-nucleotides have been produced. The template-directed 
reaction with L-2-MelmpG alone suggests that once an L- 
monomer has been incorporated into a newly synthesized 
oligomer, the efficiency of subsequent monomer incorporation 
is greatly reduced. Most of the G, residues present in optically 
mixed chains, therefore, are likely to be located at either the 5' 
or the 2'(3') terminus. 

To quantify the inhibition of oligomerization by L-2-MeImpG 
and to determine the nature of the oligomeric products, we 
carried out reactions.using '*C-labelled D-2-MeImpG. The data 
(see Table 1) show that the yield of oligomers containing radio- 
active Gp residues is reduced by more than a factor of two when 
an equal amount of L-2-MeImpG is added to the reaction 
mixture. 

The oligomeric products of tetramer length and longer were 
collected by paper chromatography and degraded by exhaustive 
alkaline hydrolysis. The hydrolysed materials were applied to 
a paper chromatogram together with authentic markers, and the 
relative yields of '*C-containing degradation products were 
obtained’. In this way, we confirmed that 95% of the products 
obtained with D-2-MelmpG are standard oligonucleotides and 
the remaining 5% are oligonucleotides with an additional pG 
residue attached by a pyrophosphate bond at the 5’ terminus. 
The analysis of reactions using 0.05 M DL-2-MelmpG indicated 
that 80% of the chains were capped at their 5' terminus with a 
pyrophosphate involving a G, residue and at least 55% of the 
chains had a G, residue attached to their 2'(3’) terminus by 
means of a 2'-5’ or 3'--5’ internucleotide bond. The corresponding 
yields for the reaction with 0.1 M DL-2-MeImpG were ~50% 
for 5'-pyrophosphate termination and 50% for 2'(3’) termination 
with a G, residue. 

The results of alkaline hydrolysis suggest that there should 
be at least four series of peaks in the HPLC elution profile of 
template-directed reactions with racemic 2-MelmpG, The reac- 
tion with 0.05 M DL-2-MeImpG is expected to produce two 
major series of peaks, corresponding to G,p(pGp), and 
G.p(pGp),pG,, and two minor series of peaks corresponding 
to (pGp), and (PGp)„ pG, ; for oligomers of trimer length and 
longer this seems to be the case (Fig. 2c). The reaction with 
0.1 M DL-2-MeImpG is expected to produce all four series of 
peaks in comparable amounts; this seems to be the case also, 
although the peaks are incompletely resolved at some oligomer 
lengths (Fig. 2f). Co-injection with authentic (pG,),, confirms 
that the all-Gp oligomers appear as a minor series of peaks in 
Fig. 2e and as a major series of peaks in Fig. 2f The fact that 
no more than four prominent series of peaks are present in 
either profile indicates that optically mixed oligomers containing 
G, residues in nonterminal positions are produced in only small 
amounts. 

Poly(C,)-directed oligomerization of D-2-MeImpG is not 
inhibited by the addition of activated adenosine, cytidine or 
uridine mononucleotides to the reaction mixture’. Therefore, 
the inhibition by L-2-MeImpG seems to be due to a template- | 
directed process that facilitates incorporation of G, residues. 
To investigate the possibility that this process is based on some. 
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Fig. 2 HPLC elution profiles of 2-MeImpG condensation in the absence or presence of a poly(Cy) template. Reaction conditions for system 
1: 0°C for 7 days; 1.0 M NaCl, 0.2 M MgCh, 0.2 M 2,6-lutidine-HCI (pH 8.0). a, No template, 0:05 M.D-2-MelmpG; b, no template, 0.05 M 
L-2-MeImpG; c, 0.05 M poly(Cp), 0.05 M p-2-MelmpG; d, 0.05 M poly(Cp), 0.05.M L-2-MeImpG; ¢, 0,05 M poly(Cp), 0.05 M DL-2- MelmpG; 3 
J, 0.05 M Roly (Cn), 0.1 M DL-2-MelmpG. The numbers labelling the peaks are the lengths of the corresponding oligo(G)s. 2° is GppG, 2 is 


pG* pG, 2 
f correspond to (pGp), 


3 is pG pG, 3° is Gp(pG), and 3° is (pG)? pG. Unreacted monomers are not shown in‘c=f. The peaks labelled with a dot in eand 
. Conditions for HPLC: elution with a linear NaClO, gradient (pH 12, 0-0.04 M, 60 min) on an RPC-5 column: uy, 


absorption monitored at 354 nm. 


“peculiarity of the 2-MeImpG reaction system, we performed a 
-second series of experiments in different conditions. 

System. [I involves the poly(C,)-directed oligomerization of 
guanosine 5’-phosphorimidazole (ImpG) in the presence of 
Mg’? and Zn** (ref. 4). Figure 3 shows HPLC elution profiles 
_of the product distribution obtained from the various reactions. 
“The ‘results are similar to, those obtained with systèm I. We 
-carried out reactions using “C-labelled D-ImpG and found that, 
dn fact; G, inhibition of oligo(G,) formation is even more 

pronounced with system I (Table 1). 

~ In ‘poly(Cp)-directed reactions with a racemic mixture of 
-MeImpG, large amounts. of G, residues are incorporated as 
ia 5'-terminal pyrophosphate. Increasing the concentration of 
“monomers from 0.05 M to 0.1M reduces the proportion of 
„oligomers with a G, pyrophosphate termination from 80% to 
0%. Clearly, the L isomer forms pyrophosphate bonds more 
#readily than the D isomer, and under competitive conditions, 
“when the monomers are in excess, the D isomer interferes with 
w- 2-MeImpG addition to the 5' terminus of template-bound 
woligo(G). 

The rate of monomer addition to a template-bound oligomer 
is dependent on two factors: (1) the fractional occupancy by 
monomer at the template site adjacent to the oligomer; and 
) the rate of condensation between template-bound monomer 
vand an adjacent oligomer. 5'-Terminal Gp pyrophosphates are 
“ot formed in large amounts, and it is unlikely that D-2-MeImpG 

«n solution could significantly alter the rate of condensation 
etween a template-bound L monomer and an adjacent oligo(G). 
us, it seems that the D isomer interferes with G, pyrophos- 
hate formation by limiting the fractional occupancy of the L 
omer. We conclude that under competitive conditions, D-2- 
selena is attached to template sites adjacent to the 5’ terminus 
f oligo(G) with higher affinity than L-2-MelmpG. 

Addition of 2- MeImpG to the 3’-terminal hydroxyl of tem- 
late-bound oligo(G) is not restricted by the presence of a 
yerminal pyrophosphate at the 5’ end of the oligomer”. Therefore, 
e: inhibition of oligomerization by L-2- Memper must be 
























attributed to the presence of G, residues at the 2'(3') eni 
Template-directed oligomerization of 2-MeImpG proceeds 
the 5’ 3’ direction’. D-2-MeImpG is incorporated. more readily 
than L-2-MelmpG, but an incorporated G; residue. acts as 
chain terminator that prevents further elongation. After exten- 
sive oligomerization, nearly all chains would have a G, residue. 
at the 2'(3') terminus. At that point the mean chain length 
provides an indication of the relative rates of addition of the 
two isomers. : 
Guanosine mononucleotide binds to poly(C) by forming a 
Watson-Crick base pair. The orientation of the sugar—phos 
phate component of the monomer relative to the template is 
determined by the handedness of the ribose sugar (D versus L) 
and by the rotational conformation about the glycosidic bon 
(syn versus anti). The D isomer.in the anti conformation and 
the L isomer in the syn conformation are oriented antiparallel 
to a poly(Cp) template, while the D isomer in the syn conforma- 
tion and the L isomer in the anti conformation adopt a parallel. 
orientation. This leads us to speculate that monomer addition 
to the 2'(3’) terminus of a template- bound oligo(Gp) involve 
either the anti D or the syn L isomer, while addition to the’ 5! 
terminus involves either the syn D or the anti L isomer. 
Guanosine mononucleotides in solution tend to adopt the 
anti conformation’; this may explain why the D monomer is 
more likely to be incorporated at the 2’(3’) terminus and the.L 
isomer is more likely to be incorporated at the 5’ terminus (Fig. 
4). Addition of D-2-MeImpG to the 2’(3’) end is particularly’ 
favourable because the rate of condensation between monomer. 
and acceptor has been specifically optimized''. However, the ` 
structures of L-2-MeImpG in the syn conformation and D-2- 
MelImpG in the anti conformation are sufficiently similar to 
allow occasional misincorporation of G, residues. Once a G= 
residue is incorporated, the 2’(3’) end of the oligomer is dis-" 
torted, and further incorporation of either monomer is limited... 
The chiral selectivity of the reaction is striking (see Figs 26d 
and 3a,b), Nonetheless, the inhibition of optically homogeneous: » 
template-directed oligomerization by monomers of the opposite” 









































Fig. 4 Poly(C,)-directed oligo- 
merization of pt-2-MelmpG. a, 
Addition of anti-p-2-MelmpG to the 
3’ hydroxy! of | template-bound 
zx oligo(Gp); b, addition of anti-.-2- 
-MelmpG to the 5’-phosphate of tem- 
plate-bound oligo(G,,). It is assumed 
that the CG base pair formed by the 
incoming monomer has the same 
orientation as the previously formed 
CG base ‘pairs. It then follows that 
the sugar—phosphate of an incoming 
anti-D monomer will be parallel to 
the sugar-phosphates . of the 
c Oligo(Gy). On the other hand, the 
'sugar~phosphate of an incoming 
‘anti-L_ monomer will be antiparallel 
to those of the oligo(G,). 








handedness (Figs 2e,f and 3c,d) should be recognized as an 
important problem for many theories of the origin of living 
systems. While it is conceivable that some prebiotic fractionation 
process allowed those chemicals necessary for the origin of life 
to become localized within a common microenvironment and 
xcluded potential inhibitors, it is not possible that a comparable 
egregation of optical enantiomers could have been achieved in 
an achiral environment. 

If-the replication of polynucleotides was important at the 
earliest stages of life, there must have been.a way to minimize 
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Fig.3 HPLC profiles of ImpG condensa- 
tion in the presence of a poly(C,) tem- 
plate. Reaction conditions for system HH: 
0°C for 7 days; 0.4M NaNO,, 0.5M 
Mg(NO,),,.0.2 M 2,6-lutidine-HNO, ( pH 
8.0), 0.02 M poly(C,)). a, 0.01 M p-ImpG; 
b, 0.01 M L-ImpG; c 0.01 M pL-ImpG; 
d, 0.02 M DL-ImpG. The numbers are the 
peaks of the corresponding oligo(G}s. 
Unreacted monomers are not shown. The 
peaks labelled with dots in c and d corre 
spond to (pGy),. Conditions for HPLC: 
elution with a linear NaClO, gradient ( pH 
12, 0-0.04M, 60min) on an RPC-5 
column; UV absorption monitored at 
254 nm. 


the effect of enantiomeric cross-inhibition. Our results with two. 
different template-directed_ réaction systems suggest that there 
is. some variability in the relative rates of i incorporation of the 
two isomers. There may have been 4 prebiotic system in which 
the optical specificity of monomer incorporation was very high: 
If so, such a system would have enjoyed a considerable selective 
advantage in the prebiotic environment. ; 
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IT 1Sa pleasure to report that there is a great 
deal of Leonardo in Kenneth Keele’s in- 
geniously planned and richly rewarding 
book. I do not just mean that it contains a 
wide range of familiar and unfamiliar 
quotations from Leonardo’s notebooks — 
which it certainly does — but that its 
organization and approach is - 
sensitively attuned to Leonardo’s 
own patterns of thought. 

Those patterns were very dif 
ferent from the ones prevailing in 
modern science, and it takes a 
positive act of will to view | 
Leonardo’s science on its own | 
terms. The natural tendency in 
many of the pioneering studies 
was to assign plus marks for find- 
ings which were recognized as 
correct and to acclaim apparent 
examples of the experimental 
method which was seen as central 
to the scientific revolution. The 
practising scientists prominent 
amongst early interpreters were 
particularly predisposed to this 
approach. Although Keele is a 
retired physician, he is 
meticulous in attempting to ex- 
amine Leonardo’s thought 
historically in its own right, 
rather than extracting favoured 
ideas in order to force him into a 
proto-modern mould. 

The principle behind the 
book’s organization is broadly 
that outlined by Leonardo 

“himself: ‘‘Arrange it so the book 
on the elements of machines with 
its practice shall precede the 
demonstration of the movement 

¿and force of man and other 
animals, ahd by means of these 
you will be able to prove all your 
propositions’’. Accordingly, 
Keele approaches his exposition 
of Leonardo’s anatomical work, 
which occupies three-fifths of the 
volume, through an investigation 
of the physical principles underlying 
Leonardo’s view of man, the 
“microcosm”, in the context of the 
dynamics of the universal ‘‘macrocosm’’. 
This is entirely in keeping with Leonardo’s 
desire to relate all his science to first prin- 
ciples, and, indeed, to obtain proofs in 

< every field equivalent in certainty to those 
of mathematics. 

- The problem at the heart of under- 

“standing his science is the relationship bet- 

_ween Leonardo’s much-vaunted emphasis 









upon ‘‘experience’’ and his desire to ex- 
plain even the most complex effects in 
terms of a limited set of predominantly 
Aristotlean causes. Leonardo’s own state- 
ments, plucked from their historical con- 
text, were once enough to convince many 


that he was a great pioneer of the ex- 





: aR \ ; a 
Leonardo da Vinci (1452-1519), as anatomist. These illustrations show 
the mechanics of the movement of the shoulder joint and are 
reproduced from Leonardo da Vinci: Anatomical Drawings, published 
by The Metropolitan Museum of Art, New York, and distributed in 
Britain by Blackwell Scientific. Price is $35, £34. 


perimental method. As we have come to 
understand mediaeval science more fully, 
so it has become clear that his approach in 
theory and in practice can be aligned with 
an earlier tradition of natural philosophy. 

Leonardo did undertake experiments in 
the physical sense — some diagrams labell- 
ed sperimentata make this clear — but he 
did not differentiate the status of physical 
experiment from what we would call 
“thought experiments”. In the latter cases, 
mental models of the effects are built on the 








basis of the supposed causes and, typically 
in Leonardo’s science, sketched in hiş- 
notebooks. If the thought experiments 
“‘worked’’, the case was proven. Some of 
the models of the human eye, which look at « 
first sight like records of actual ap- 
paratuses, are deductive variations of the 
joint bases of optical principles and the. 
assumed structure of the refractory spheres... 
of the eye. Equally, the optical ‘‘ex- 
periments” concerning the apparent sizeof 
objects on an intersecting plane, which 
Keele physically reconstructs, are almost. : 
certainly deductive variations based upon 
Piero della Francesca’s treatise on perspec: 
tive. 

This raises the question of Leonardo’s 
sources, the assessment of which 
is perhaps the weakest aspect of 
Keele’s book. The author is anex- 
tremely persuasive interpreter 0 
Leonardo’s ideas, with a brilliant: 
grasp of how the parts of Leonar- 
do’s. science interlock with each 
other in patterns of astonishing 
complexity. But this exposition 
tends to float in a historica 
- vacuum. Keele does show tha 
< Leonardo’s procedures of dissec-. 
tion were directed to a significant. 
degree by Mondino’s Ana. 
but he does no 
acknowledge how far the. 
underlying principles of his 
/ science — methodological. 
mathematical, dynamic, optical 
and so on — were those of the 
mediaeval Aristotleans. Thus th 
‘pyramidal law” which Keele: 
rightly claims governs the perfor. 
mance (and diminution) of all the - 
“powers of nature’, is a facet-of 
the mediaeval doctrine of the: 
proportional laws of motion 
And the ubiquitous. effects. oi 
“percussion’’, again rightly em: 
phasized by Keele, arise from the: 
cause of ‘‘impetus’’, which is 
central to late mediaeval: 
dynamics. ; 
These kinds of technical terms. 
| from mediaeval science require’ 
careful handling, not least in 
translation. As the translator of: 
the mammoth and massively ex- ` 
pensive Corpus of Anatomical 
Studies in the Collection of Her 
Majesty the Queen at Windsor 
Castle (published in three vol- 
umes by Academic Press, price $8,000!), 
Keele has already faced the problems of | 
Leonardo’s vocabulary in the most direct 
way. In the extensive quotations from the 
anatomical notes he is admirably sensitive 
to the need to avoid anachronistic rephras- 
ing. And in his interpretative commentary 
he generally catches just the right flavour. | 
The occasional lapses, as when he talks of < 
the imprensiva as a “‘relay station” or the 
‘circulation’? of the humours, are ~ 
therefore all the more marked. The non-« 















anatomical texts are less. consistently 
handled, and. he often relies upon the now- 
dated translations of Richter, with their 
late-nineteenth-century and sometimes 


- mock-Elizabethan quality. 


This raises the other main question con- 


‘cerning sources — Keele’s own, and those 


the reader might use for further studies. 


¿For a book of its scholarly quality, it is 
_ astonishingly reluctant to acknowledge 
other literature on Leonardo. Some of the 


chapters are given a few scanty footnotes 


“which do not always refer to the most cen- 


tral sources, and there is no consolidated 


bibliography. There is also a smattering of 
“minor errors, particularly in the ‘‘Scientific 


Biography’? which precedes the main 
chapters. 

To end on a negative note, however, 
would be misleading. This is a thoroughly 


distinguished contribution to Leonardo 
7 studies. It can be taken as an authoritative 
_. exposition not only of the specific technical 
» details of Leonardo’s ‘‘microcosm’’ but 
also of the way these details profoundly 
“express the character of his physical science 
asawhole. a 


Martin Kemp is Professor of Fine Arts at the 
University of St Andrews. 
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STRUCTURAL phase transformations in 
solids are studied by both physicists and 
metallurgists. In recent years considerable 


‘progress has been made by both groups, 
= butit is alarming that there has been so little 


contact between them. The physicists have 
concentrated on the continuous phase 


“transitions and largely, but not exclusively, 
“on transitions in which the atoms move 
much smaller distances than the 
interatomic distances. During the 1960s 
‘they showed that the soft mode concepts 


developed by Cochran and Anderson were 


‘a fruitful way of describing these 
> transitions, and more recently the effect of 
the critical fluctuations has been studied 


New in paperback 


© The Surface of Mars by Michael H. Carr, 
which first-appeared in 1982. The book is in 


“large-format to accommodate the great number 
“lof photographs, and is published by Yale 
University Press. Price is. $24.95, £19.95. For 
“teview see Nature 299, 761; 1982. 


© Principles of Stellar Evolution and 


Nucleosynthesis, Donald D., Clayton’s textbook 


first published by McGraw-Hill in 1968. The 
book contains a new preface by the author, and 
has been re-issued by The University of Chicago 


* Press. Price is $15, £12.75. 





“using the concepts developed by Kadanoff, 











Wilson and Fisher. 

It is, therefore, surprising to a physicist 
to find in Armen Khachaturyan’s book no 
reference to the work of Cochran, 
Anderson, Kadanoff, Wilson or Fisher. 
The author admits that the Landau 
expansion of the free energy might not be 
mathematically correct at the transition 
point, but states that these problems only 
occur within a fraction of a degree outside 
of which the Landau expansion is valid. 
Such is the influence of Wilson’s Nobel 
prizewinning work! 

The subjects covered by Khachaturyan 
are those which have been studied by the 
metallurgist and which have been to a con- 
siderable extent ignored by the physicist. 
The transformations he considers are those 
occurring in metallic alloys and are mostly 
of the type which involve large atomic 
motions, there being detailed discussions 
of topics such as spinoidal decomposition 
and the shape of the inclusions and 
precipitates in various mixed phases. 

Spinoidal decomposition occurs when 
an alloy of a certain composition is cooled 
to a temperature at which the composition 
is unstable against separation into a mixed 
phase of two different compositions. This 
separation clearly requires large atomic 
motions and so the kinetics is of 
importance. The shape of the inclusions of 
one phase in the other is then dependent on 
the strain developed at the surfaces of the 
inclusions, and a great deal of the book 
describes the work done by Khachaturyan 
and others on this difficult problem by 
assuming a static interface. 

Much of the material stresses the 
application to particular alloy systems, and 
in this regard it is refreshing to read about 
real materials instead of the idealized 
models so often used by the physicist. But 
while the author has included considerable 
discussion of real materials, there are few 
experiments described which test the 
theory in detail. The description of the 
theory behind the experiements is also 
somewhat terse and is inaccurate at points 
-— this is a pity because a better appreci- 
ation of the experimental possibilities 
might lead to a more comprehensive test of 
the theories. 

This is a book which describes the 
metallurgist’s approach to structural 
transformations in alloys. Physicists who 
wish to learn about the problems of mixed 
phases and spinoidal decomposition in 
metallic alloys will find it useful, as will its 
more natural audience of metallurgists. It 
is to be hoped that it will increase the 
number of people working on these 
systems who are aware of the importance 
of fluctuations in describing transitions, 
kinetics and interfaces, yet who are also 
able to handle the complications of real 
systems. q 





R.A. Cowley is Professor of Physics at the 
University of Edinburgh. With A. D. Bruce he is 
author of Structural Phase Transitions (Taylor 
& Francis, 1981). 
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STANLEY Goldberg has written an unusual 
book. Its subtitle, Origin and Impact of a 
Scientific Revolution, defines his theme — 
the study of the intellectual, social and 
cultural background against which a major 
change in our view of the physical world 
takes place. Relativity per se is not the 
issue, but the special theory of relativity 
provides a particularly illuminating case 
study because its history belongs to 
twentieth-century physics, its development 
is incomparably well documented and it is, 
in the strictest sense, a very simple theory, 
the fundamental postulates of which were : 
first spelled out by Einstein in just two 
easily understood sentences. Yet the 
acceptance of Einstein’s theory, following 
its publication in 1905, was a prolonged 
and tortuous affair which, in Goldberg’s 
view, is still not complete, even within the 
scientific community. Why is this? It is 
Goldberg’s aim to explore the question ina 
way that is accessible to any interested 
reader; he has relegated almost all math- 
ematical material to a series of appendices. 
Goldberg begins by contrasting 
mathematical and scientific forms of 
knowledge. He emphasizes that, unlike 
mathematics, science is not a tightly 
contained logical system. Different 
theories can be devised to account for any 
given set of observations, and criteria other 
than logic are involved in preferring one 
theory over another. Many scientists 
follow Einstein in attaching great 
importance to a theory’s economy and“ 
beauty, but entrenched attitudes and 
assumptions also play a role, as the history 
of relativity itself makes abundantly clear. 
To pave the way for the discussion of 
Einstein’s theory, Goldberg describes the 
development and subsequent decline of the 
mechanical description of the Universe.: 
The luminiferous ether was one important.: 
product of this description, but with. 
bizarre properties — so tenuous as to offer 
negligible resistance to the planets, yet so 
astoundingly elastic that its vibrations, in: 
the form of light, travelled at a million. 
times the speed of sound. Then, in the mid 
nineteenth century, came the spectacula: 
flowering of electromagnetic theory, and 
swing to the belief that electricity was thet 
key to the structure of matter and the 
nature of light. Maxwell’s equations 
yielding the numerical value of the speed o 
light, were a seemingly decisive clue to th 
properties of the ether. Nobody doubtedil 
the existence of this medium, although ite, 
refused to reveal itself in the face of tests 












designed to detect our motion through it. 

“`: Accounting for these failures through such 
mechanisms as the Lorentz contraction 
entailed a great elaboration of the electrical 
theory of matter during the years 
1890-1905. 

Into the midst of this complexity, 
Einstein brought his theory with its two 
basic postulates: relativity is a universal 
condition (no preferred ether frame) and 
the speed of light is a universal invariant. 
From this simple beginning, all else 
followed — length contraction, time 
dilation, mass varying with speed and so 
on. Surely this brilliant solution should 
have been immediately acclaimed and 
universally accepted. But what actually 
happened? For a couple of years, except in 
Germany, it was almost totally ignored; 

thereafter it was widely resisted. In 
discussing why that was so, Goldberg 
considers the reception of the theory in 
four different cultures — German, French, 
British. and American. In a brief review it is 
hard to: do justice to. Goldberg’s analysis, 
but he suggests. that Germany’s academic 
tradition, and its strongly interlinked 
academic structure, encouraged active 
debate. By contrast, any French reaction 
may have been stifled by the extreme 
conservatism of that country’s educational 
system — coupled with a lack of 
enthusiasm on the part of Poincaré, who 
himself came so close to inventing 
relativity. In Britain the love of mechanical 
models, and a suspicion of abstractions, 
made many distinguished physicists 
reluctant to abandon the ether. And in the 
United. States the main obstacle was the 
conviction “‘that-acceptable theories had to 
conform to acceptable notions of common 
sense”, a precept which Hinstein’s theory 
clearly violated! Goldberg’s. identification 
of such national and cultural differences is 
interesting, although he himself dismisses 
any thought of a “party line” in such 
matters. 

The last part of the book discusses the 
‘assimilation of relativity in the United 
. States after 1912. Much of this deals with 
the question of whether the invariance of 
the speed of light is amenable to 
experimental test or is, as Einstein 
presented it, an untestable postulate, 
Goldberg concludes that, even today, 
many American physicists take the former 
view (which makes no difference, of 
course, to their acceptance and use of 
Einstein’s equations). 

All in all this is a rewarding book, 
whether or not one agrees with its 
particular theses and interpretations. For 
anyone who is not a scientist, it will provide 
a healthy (and intended) antidote to the 
view that the progress of science is 
impersonal and inevitable. And for the 
professional physicist, it offers a wealth of 
background to the history of special 
relativity as such. E 





(AP: French is a Professor of Physics at the 
_ Massachusetts Institute of Technology. 
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SULPHUR is only a minor constituent 
(~ 260 ug g’) of the Earth’s crust, much of 
the original complement of the element 
either being lost to space, along with other 
volatiles, during the accretion of the 
planet, or transported to the core during 
early differentiation. Nonetheless sulphur 
is important both geochemically and 
biologically. It is essential to life, because 
of its presence in the amino acids cysteine, 
cystine and methionine, and is crucial to 
modern man because of its use in the 
agricultural and chemical industries. Fur- 
ther, it is an unwanted constituent of fossil 
fuels and is being released into the environ- 
ment at an increasing rate with conse- 
quences which are receiving increasing 
publicity. 

The chemistry of crustal sulphur is a 
complex matter, both because of the dif- 
ferent oxidation states in which the element 
can exist and because of its involvement in 
a wide variety of biological and geological 
processes. The major crustal reservoirs are 
sulphate dissolved in the oceans, sulphate 
stored as evaporitic minerals and reduced 
forms of sulphur in sediments. Cycling oc- 
curs through these reservoirs on a rather 
long time-scale (~ 10’ yr) by three main 
processes: bacterial reduction of ocean 
sulphate to form sedimentary sulphides; 
the formation of evaporitic sulphate 
minerals; and the return of sulphate to the 
oceans by erosional processes. Other small, 
though still important, reservoirs of 
sulphur include fresh water, the atmos- 
phere and the biosphere (of which the 
sulphate-reducing bacteria form only a 
small and rather odd part). 

The Global Biogeochemical Sulphur 
Cycle is an attempt, and in my view a 
highly successful one, to summarize what is 
known about the geological and biological 
reservoirs of crustal sulphur and how the 
element is cycled between them. The 
natural (or pre-industrial) sulphur cycle 
receives most attention, but where possible 
information is given concerning the pertur- 
bations of the natural cycle by the activities 
of man — sulphur is now being added to 
the oceans at perhaps twice the pre- 
industrial rate, and present-day emissions 
of sulphur to the atmosphere from the 
combustion of fossil fuels and ore smelting 
probably exceed natural emissions by a fac- 
tor of two to three. 

The book begins with a brief introduc- 
tory essay — ‘‘Principal Reactions of the 
Global Biogeochemical Cycle of Sulphur’’ 
— after which individual chapters cover 
the sulphur cycle in the lithosphere, in soil, 
in the atmosphere, in continental reservoirs 




















































and in oceans. There is a final chapter 
which summarizes the information. 
available on the major fluxes of sulphur’. 
within and between the various reservoirs, 
Of the eleven contributors to the book, 
nine are Soviet scientists. This is not a< 
weakness because the coverage of the sub-. 
ject is clearly global in scope; indeed, it is” 
valuable to have a summary in English of 
the wide Soviet literature on the subject.. 
Preparation of material for the book was . 
essentially complete by 1979 when an inter. 
national workshop was held in the USSR to 
offer comments on draft versions of th 
various chapters. Accordingly th 
literature cited is largely that publishec 
before 1980. The authors, editors and 
where appropriate, translators, as well as 
the participants in the workshop, are tobe 
congratulated on their production ofa syn 
thesis of data available up to that. dat 
which is exhaustive in its detail but well 
organized and clear in style. E 





C.E. Rees is in the Department of Geology a 
McMaster University, Ontario. 


Quality for quantity? 
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Tus elegant little study takes its. origi 
from a paradoxical aspect of the socia 
activity of science — that the system: of 
citation of previous research, performin 
several essential functions for that activity 
has only very recently been appreciated a: 
at all problematic. It is scarcely 15-year! 
since critical analysis of the citation proc 
began; and as the author shows, it is still 
very marginal, divided and incapable o 
offering much practical advice. 
In principle, citations enable science to 
be truly ‘‘public knowledge’’ by providing 
techniques for checking on the sources of 
materials used in a paper but produced 
elsewhere. And they are the main regular, 
means for the validation of the intellectual 
property embodied in a paper; the users of 
that property “pay” through the. credit. 
given to its author in the cited reference. In. 
the idealistic image of science codified.in 
the “four norms” of Robert K. Merton; 
there was no occasion for either of these 
functions to be other than straightforward. 
But with the rise of a critical, even demysti- 
fying sociology of science, it was discover- 
ed that the practice of citation was strongly 
subject to personal interpretation and also 
to political manipulation. When the 
Science Citation Index became available, 
providing what seemed to be an objective. 
measure of quality of papers and of resear- 
chers, and was invoked in legal disputes 
over promotion and status, the quality-« 
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assessment of this tool of quality as 
ment took- on real practical urgency. 
Blaise Cronin narrates the interaction 
: between. the development of the new 
sociology of science and the increasing 
“sophistication in the criticism of citations. 
“His basic insight is that citation is an in- 
_tensely personal process (a ‘‘subtle craft 
skill” for which there is scarcely any formal 
` training) which has a product that is public, 
and moreover of great importance in the 
‘government of science. He reviews the 
- deading positions on the sociological side 
(those of myself, I.I. Mitroff and the 
“social construction’’ or ‘‘lab-life’’ 
- school), and brings us up to date on the at- 
-tempts to bring some order into the citation 
: process. But it is still an open question 
‘whether any scheme that is sufficiently sim- 
ple to be effective as a guide to practice can 
encompass both the complexities of the 
cognitive aspects of that process and the 
subtleties of the motivational side. And in 
the last resort, the communities of working 
scientists still show remarkably little in- 
terest in the whole problem. 
Cronin’s analysis suffers, in my opinion, 
- from its failure to take note of the policy 
issues which have shaped the study of cita- 
tions during its brief history. The reliance 
on citations was part of the ‘“‘science of 
: science” movement led by Bernal’s disciple 
“D.J. Price, and now carried on as ‘‘sciento- 
““metrics’’. The challenge of the Science 
Citation Index led to the critical and 
= ultimately self-critical discussions of the 
“*science indicators” movement. It is signi- 
-ficant that more recent consideration of the 
assessment of quality in science has moved 
from the original quantitative techniques 
to deeper problems of the ultimately 
political processes of the setting of domi- 
nant criteria of quality. 
. Within its limitations, this study does of- 
fer a condensed synoptic survey, and also 
many useful bits of information. For exam- 
ple, the Science Citation Index works from 
a mere 2,000 journals, thus providing a 
practical solution to the problem of the 
“in formation explosion” which seemed so 
“urgent in the 1960s. By the fiat of its ad- 
+ visors, the overwhelming majority of jour- 
nals and of published papers are deemed as 
< failures, not worth noting in this standard 
quality-index. 
To conclude with one small personal 
» grievance: Cronin says nothing about the 
: form of citations, and seems to consider 
‘that as unproblematic. Thus he himself 
‘automatically cites materials from a par- 
ticular edition at hand, even though this 
may radically distort the historical process. 
R.K. Merton’s fundamental work is dated 
1973 (some 30 years late) though the 
-author confusingly refers to a ‘‘subse- 
quent’? publication of 1957. But this small 
defect in citation technique should not pre- 
vent the book’s being cited, or even being 
read. o 





JR. Ravetz is a Senior Fellow at the University 
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Parasites in the lab 
F. E. G. Cox 


Genes and Antigens of Parasites: A 
Laboratory Manual, 2nd Edn. 

Edited by C.M. Morel. 

Dept Biochemistry and Molecular 
Biology, instituto Oswaldo Cruz, Rio de 
Janeiro: 1984. Pp.586. Available from 
A.O. Lucas, SPRTTD, WHO, 1211 
Geneva 27, Switzerland. No charge. 


THE intrusion of molecular biology into 
parasitology has necessitated the 
production of a laboratory manual, to 
serve both as a book of recipes for labor- 
atory investigations and as a source of 
information for parasitologists bewildered 
by terms such as genomic libraries, 
Western blotting and zymodemes. Here 
it is. 

This cook-book is based on the labor- 
atory manual used during a five-week 
course on genes and antigens of parasites, 
held at the Oswaldo Cruz Institute in Brazil 
at the end of 1983. The published version, 
revised and enlarged, is spirally bound, in 
traditional cook-book fashion, and 
contains 34 chapters organized into five 
sections -— general techniques, character- 









paras i 
ae antigens and hybridoma 
technology. The chapters are by scientists. 
experienced in their fields and each is set 
out with step-wise instructions and 


elaborate technical details. The book is 
designed to be informative and in that it. 
succeeds, although suffering a little from 
the lack of a proper index. 

The emphasis is largely on Chagas’ 
disease and leishmaniasis; however the 
general principles apply to parasites that 
cause other diseases and the 628 references 
will guide the investigator into the 
literature of the subject as a whole. No 
cook-book can be completely satisfactory, 
and the techniques may have to be 
modified, but there is plenty of space for 
the pencilled amendments that quickly 
characterize a book of this kind. Genes and 
Antigens of Parasites will be invaluable not 
only to research workers but also to teach- 
ers planning up-to-date practicals in para- 
sitology. Every active parasitologist should 
have a copy, and should also respond to the 
editor’s request for comments which will 
ensure the publication of a third and even 
better edition. O 


F.E.G. Cox is Professor of Zoology in the 
School of Life Sciences, King’s College, 
University of London. 





A plague behind us 
Keith Dumbell 


Princes and Peasants: Smallpox in 
History. 

By Donald R. Hopkins. 
University of Chicago Press: 1984. 
Pp.380. $28.75, £21.25. 











THE eradication of smallpox has been an 
undersung triumph. Europe and North 
America have, for a generation, known 
smallpox only as an occasional visitant, 
following the arrival of infected persons 
from endemic areas. Despite some in- 
evitable panic, each incident has been ef- 
fectively contained and eliminated. 

How different was the situation a couple 
of generations earlier when smallpox was a 
fact of life. And how different it was in 
those countries where the disease remained 
endemic and where, even in 1967, smallpox 
killed about two million of the 10-15 
million people now believed to have been 
infected in that year. 

As part of the epitaph of smallpox, it was 
necessary for someone to remind us of the 
magnitude of the scourge that has gone. 
Donald Hopkins set out to tell the story of 
smallpox, but what particularly fascinates 
him is the role that the disease has played — 
whimsical, unpredictable and often 
devastating — in the daily life of mankind 
and the course of history. 

Some of the episodes are fairly well 
known, but nowhere else that. I know is 








there to be found such a compact account 
of smallpox in all five continents and of its 
impact on the history of each. Smallpox 
neutralized armies and removed princes at 
politically critical times. It played a con- 
tinual part in determining the events that 
political and social history record. 
Hopkins follows this theme with vigour 
and includes, for good measure, some near 
misses such as the delivery of the 
Gettysburg address the very evening before: 
President Lincoln himself became a tem- 
porary victim of smallpox. By necessity the: 
author casts only a glance down some 
intriguing avenues, but the extensive 
reference list will help readers who wish to: 
explore them in greater detail. 

While Hopkins shows us the potency of 
smallpox virus as mankind’s enemy, hee 
does not stress how relatively puny was the 
David that overthrew this Goliath. Princes, 
and Peasants is a prologue to the story of 
eradication, a tribute to the disease that hasi 
been beaten. There is no forecast of other 
plagues to conquer, no comment on other’ 
achievements within the reach of a simila 
international co-operation. Indeed this 
not a reflective book; it is a simple narr 
tion of events, written with obvious en« 
thusiasm. I found it a sobering andi 
broadening experience to be exposed tow 
Hopkins’s story — there will be few peop 
who would not benefit from reading it. 
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How to neutralize acid rain 
The clamour for action — almost any action — will stampede governments into foolishness. The 
problem is more complicated than it seems, while the legal framework for control i is neglected. 


MUCH of Europe has spent much of this summer worrying about 
rain. In some places (such as western Britain) there has been too 
little of it. Elsewhere, people seem to have taken fright that what 
little rain there has been is dangerously acidic. Acid rain is well on 
the way to being in the 1980s a focus for general discontent with 
technology as powerful, and ultimately as cathartic, as the war 
waged against pesticides (and their manufacturers) in the 1960s. 
The danger, now as then, is that people will compel their govern- 
ments to jump to hasty and even exaggerated conclusions about 
the remedies that should be adopted. 

None of this is intended to imply that there is no problem to 
be. dealt with. On the contrary, there is ample proof that the 
ingredients of a problem of some kind do exist. Burning fossil 
fuels is a well-known way of putting sulphur. dioxide into the 
atmosphere and there are well-known mechanisms by which, in 
the presence of sunlight and oxygen, it can be converted into 
sulphuric acid. The annual production of sulphur dioxide is now 
well over 100 million tonnes for the world as a whole. Moreover, 
since the careful study carried out by the Organization for 
Economic Cooperation and Development (OECD) a decade ago 
(published in 1977), it has been clear that what Scandinavians and 

¿Canadians had previously only suspected is indeed true — that 
atmospheric pollution. does not recognize national frontiers. 
What seems to have dramatized the issue of acid rain in Europe is 
the recognition, in West Germany and Switzerland in particular, 
that trees in previously healthy forests are dying off without 
obvious explanation. Especially where ‘‘Greens’’ have political 
influence, it is inevitable that public attention (and a good many 
headlines) should be concerned with acid rain. The clamour fora 
“solution’’ is deafening but the most urgent need is to understand 
what the problem is. 


Lakes 


It is now forty years since Dr S. Oden at the University of Uppsala 
drew attention to the increasing acidity of Swedish lakes, and to 
“the decrease of fish populations in some of them. Oden’s 
conclusion was that the phenomena are related as cause and 
effect..If acidity does not kill fish directly, it may do so by leaching 
toxic metals from the bedrock. Since then, the acidity of many 
lakes has increased steadily in the course of time. The difficulty, 
„even in Scandinavia, is that lakes are not equally susceptible to 
whatever may be happening to them. Ina largely igneous terrain, 
natural acid-base buffering is often ineffectual and frequently 
much less than it would be in, say, a limestone area, Nobody will 
be surprised if the acidity of some Scandinavian lakes is increasing 
for precisely the reasons at which Oden guessed, but the 
circumstance that some are comparatively robust needs an 
explanation not so far forthcoming. Since most of the rainwater 
reaching lakes and water-courses is first filtered through 
vegetation and soil, it would also help if there were some under- 
standing of why the natural filter fails to hold back more of the 
i acidity. F.T. Last (Forstwissenschaftliches Centralblatt 103, 24; 
1984) i is not the only one to have raised the possibility that the 
(practices of foresters, and especially their fondness for fast- 
pgrowing species such as spruce, may be partly responsible, 
What. does, however, seem clear is that the phenomena 
observed i in Central Europe are differently caused. The guess that 
Mores st: trees are being damaged by ozone in the atmosphere, itself 
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formed from nitrogen oxides, may not be very wide of the mai 
In these circumstances, tighter. regulation of sulphur dio: 
emission may contribute very little to a lasting solution. 
urgent. need is to understand what is happening to these forests, 
a helpful analogy with Koch’s consideration of the mechanisms of 
infection in animal disease, Last points out that inth2studyof the. 
relationship between atmospheric pollution and the health of 
forest trees, there have: so far been very few. attempts: 
demonstrate that presumptive agents of damage do. indee 
function in the ways supposed. : 

But is not the cry for more pointed research the standard't re 
for delay? This fear has some. substance. Governments and 
electricity utilities (the chief offenders on sulphur dioxide) hav: 
over the years been too quickly dismissive of the accumulating. 
evidence. The accusation that they allow vested interest in.cheap_ 
electricity production to get the better of their judgement. 
probably, however, misplaced. Unlike most other businesses 
electricity utilities can pass. on to their customers such extra co: 
as they may be required to shoulder: i that they should instal 
scrubbers at their plants, forexample. In the present climate, th 
have no cause single-handedly to stand out against the acid T: 
campaign. A better understanding will bein everybody’s interest 


Research 
In Britain, the nationalized Central Electricity Generating Board 
and the National Coal Board have contributed to the £5-millio: 
cost of a research programme mounted by the national academies 
of Britain, Norway and Sweden. (The worst outcome, 
conclusive proof that British sulphur dioxide is causing serio 
damage in Scandinavia, would: probably be welcome to th 
electricity utility, eager as.it is to build more nuclear generating 
capacity.) Elsewhere in Europe, most governments are 
supporting newly devised research projects, while the European 
Science Foundation is planning to mount a study of the effects of 
atmospheric: pollution on Central European forests. Much the’ 
same is happening in North America, although it remains a crying. 
shame that the project for a joint research project between the 
United States and Canada has been stymied by the US: 
Administration’s fears that it would be bound by the implication 
of the outcome. What tends to be forgotten, in the clamour f 
quick action on sulphur emissions, is that the social cost in the 
polluting countries could be very large. An extra twenty per ce’ 
on the cost of electricity would be no joke. 

It is also too easily forgotten that the technical problems 
dealing with acid rain are the least of those that lie ahead. In 
Europe, Scandinavian governments have been asking since the 
early 1970s that something should be done to control the 
emission, from elsewhere in Europe, of sulphur and nitrogen. 
oxides, but without much success: The most tangible success so," 
far is the European Commission’s directive (in principle binding- 
onall member states), promulgated last year, that sulphur dioxide 
in ambient air should in future not exceed 120 micrograms per 
cubic metre. The snag, for Scandinavia, is that the standard may. 
be met either by reducing the output of sulphur dioxide or by 
building taller chimney stacks to. ensure that pollution is 
widely dispersed. In any case, governments now offendir 
until 1993 to comply. In North America, even less has b 















dioxide from the northwestern states. The reasons are easily 
inderstood, if not conspicuously creditable: a government that 
agrees to limit its production of sulphur dioxide for fear of the 
‘damage that might be done in neighbouring states is voluntarily 
‘abandoning some element of sovereignty, usually cherished as 
‘indivisible, 
This is why the most serious problem thrown up by anxiety over 
acid rain is not so much the technical question of precisely what 
“damage is done by atmospheric pollution but that of the legal 
framework in which the damage may be accommodated. 
“Precedents are few, most amply represented by the fisheries 
‘agreements under the terms of which governments undertake to 
estrain their nationals from behaving in a way that harms an 
nternational resource. But there is already in place the frame- 
work of an international convention on atmospheric pollution 
eneath the improbable umbrella of the United Nations 
Economic Commission for Europe (which, again improbably, 
includes both Eastern European states and the Soviet Union and 
“also the United States and Canada). This legal instrument owes its 
xistence to a declaration by Mr Leonid Brezhnev in Stockholm 
(during the negotiation of the Helsinki agreements on European 
“security, but its provisions are for the time being properly flexible. 
: The signatories do little more than acknowledge that acid rain 
“may occasion transnational problems which, if discovered, may 
equire restraint or the payment of compensation. Fortunately, 
‘however, the convention includes sensible provisions for taking 
“account of new understanding. The first need is to find out for 
“sure what needs to be done, the second to pay more attention to 
the potential of this unique agreement, potentially an effective 
` international regulatory instrument. Oo 


Chinese example 
The rapid fall in China’s birth-rate is an eye- 


opener to others. 
“THe United Nations conference in Mexico City on world 
‘population seems to have passed off less acrimoniously than 
might have been the case (see Nature 9 August, p.439). The 
delegation of the United States made its advertised stand on 
abortion, declining to provide direct subventions for 
organizations advocating abortion as an instrument of 
“population control, but not so fiercely as to prevent the 
conference from adopting an agreed statement, the highest 
“common factor of success at these occasions. To the extent that 
_ the form of words agreed also acknowledges the intimate inverse 
“relationship between economic and social development on the 
“one hand and population growth on the other, Mexico City may 
“yet mark the emergence of a more level-headed regard for the 
problem of world population. The conference will also have 
~ served to dramatize for governments of all kinds the most striking 
lesson to have been learned in the past decade — that the 
- demographic transition (from a state of balance at high birth and 
death rates to one where both are low) need not be a slow process. 
Phe recent demographic history of the People’s Republic of 
. China has people transfixed. 
|. By any standards, the changes that have been brought about in 
‘the demographic pattern in China are staggering, with the 
reduction of the death rate by far the most conspicuous. Chinese 
sources say that the crude death rate fell from 13.2 a thousand in 
1952 to 6.2 a thousand in 1979. Even if the second figure must be 
taken with a pinch of salt, there seems no doubt that the rate has 
fallen to a half in just over a quarter of a century and, perhaps 
< more important, that the disparity between the urban and rural 
- populations has been substantially removed. A larger fraction of 
newborn females survive to childbearing age, while the 
expectation of life at birth of both sexes is increased, to close on 
‘three score years and ten. While it remains a puzzle for the outside 
world that the Chinese Government has been able, on paper at 
_ east, to promulgate (in 1979) the rule that each family must in 
future have no more than one child, it seems unlikely that this 











‘draconian exercise could have been mounted atallif there had not 











béen such a dramatic improvement in life expectation. wy 
Meanwhile — and this is what the rule is for — the birth-rate is 
declining. The usual conical shape of the age distribution of a 
population is pathetically indented in the case of China on two 
occasions, forty and twenty years ago. The first disturbance 
corresponds with the years of the Long March and the communist 
revolution, the second to the self-inflicted injury whimsically 
called the cultural revolution. Remarkably, however, the birth- 
rate began falling rapidly (from a peak of close on 45 per 1,000) 
once the cultural revolution ended. Between 1969 and 1979, it 
halved. But will the Government of China will be able to hold the 
line it has drawn in the social sand, and for how long? Most 
probably the economic penalties for having more than one child 


‘will seem less onerous to some sections of the population as the 


country becomes more prosperous. o 


Freedom to travel 


The European Physical Society should have 


resisted Prague’s restrictions. 


THE trouble that has blown up about the European Physical 
Society’s meeting planned for Prague later this month (see p.617) 
raises general questions that deserve wide attention. The 
circumstances are that Dr F. Janouch, once a Czechoslovak 
citizen and now a citizen of Sweden where he lives, has been “ 
denied re-entry to Czechoslvakia so as to attend a meeting of the 
council to which he was elected, and of which the Czechoslovak 

Academy of Science is also a member. Professor John Ziman, 

another member, has also as a protest rightly declined to attend. 

The society says it is too late to rearrange the meeting. 

The question that needs to be considered by the European 
Physical Society and others is the proper definition of the circum- 
stances in which they will go to the stake in defence of a member’s 
legitimate right to share in an agreement to travel to places where 
freedom is not guaranteed. Traditionally and rightly, organi- 
zations such as the International Council of Scientific Unions 
have fought to establish that meetings labelled as international 
should be open to all bona fide scientists. Broadly speaking, these 
efforts have succeeded. Particular difficulties often crop up, but 
most international meetings pass off without difficulty. 

How far should societies go in their defence of members’ rights 
of participation? Where a society claims the right of one of its 
members to travel to a foreign venue, it would be disingenuous 
also to claim that the person concerned should be immune from 
prosecution for some criminal offence of which he had been 
lawfully indicted, perhaps on some earlier visit. Difficulties arise, 
however, when a host government such as that of Czechoslovakia 
regards an unwelcome prospective visitor as an enemy of the state 
on grounds that fall short of the penal code, which appears to be 
Janouch’s case. A further difficulty is that it may seem 
unreasonable that people in his position, separately denied the 
right to return to their home ground, should be able to return 
under the aegis of an international organization. That is irrational 
— and the European Physical Society should have dug in its heels 
at Prague’s refusal. By the same test, however, the society should 
have been willing to undertake, on its own behalf and Janouch’s, 
that he would not take the opportunity to rub salt into Prague’s 
wounded pride. 

Whether the dispute could have been settled on such a basis — 
and whether the terms of such an agreement would have been 
acceptable to Janouch — will not now be known. What is clear, 
however, is that cases like these are unhappily likely to be more 
and not less common in the years ahead. The International 
Council of Scientific Unions should give some thought to the 
question at its meeting at Ottawa next month. It should also worry 
a little about a less explicit and thus potentially more insidious 
threat to the freedom of communication —- devices such as that by 
which the Government of India makes travel to India difficult for 
Israelis by placing obstacles in the way of visa applications. To: 
adapt a phrase from common-market jargon, this is a non-visa. 
restraint on.travel and should equally be resisted. . ; 
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Surprise welcome for EPA 


Washington 

THE White House and the biotechnology 
industry appear to be dropping earlier ob- 
jections to the Environmental Protection 
Agency (EPA)’s plan for regulating 
genetically-engineering microorganisms. 
A new draft proposal, completed by the 
agency in June and scheduled for publi- 


¿cation this autumn, has received generally 


high. marks for setting out a logical 


“approach for filling the gaps in the 
“authority of the Recombinant DNA 
= Advisory Committee (RAC) of the 


National Institutes of Health (NIH). 

The largest of these gaps is in RAC’s 
authority — or formal lack thereof — over 
commercial activities; NIH’s rules are 
binding only upon recipients of federal 
research grants. Although no companies 
have yet been known to circumvent the 
RAC rules, that may change soon, 
especially in the wake of the temporary 
restraining order granted to anti-genetic- 
engineering activist Jeremy Rifkin that 
prevents RAC from considering proposals 


for the field-testing of recombinant 


organisms. The order does not apply to 
commiercial proposals and, indeed, RAC 
endorsed two such at its June meeting, 
although NIH Director James 
Wyngaarden is not expected to approve the 
recommendation. Wyngaarden is said to 
take seriously Rifkin’s objection that to 
approve commercial field tests while 
federally-sponsored field tests are blocked 
would create a double standard. 

The. result could be a delay of several 


‘years. for companies that continue 


voluntarily to comply with RAC rules. No 
trial date has been set for Rifkin’s claim 
that RAC must file an environmental 
impact statement before taking up field test 
proposals; if a decision is made in Rifkin’s 
favour, it would take at least another year 
for RAC to prepare that document. 

If for no other reason than the lengthy 
delays in prospect, industry is looking 
favourably on EPA’s plans to assert juris- 
diction. The new draft proposal, copies of 
which have been widely circulated in recent 
weeks even while officially secret, seems 
also to have reassured the industry and the 
White House that EPA has made a serious 
effort to understand the scientific issues 


- involved; the same could not be said for an 


earlier draft prepared in March. 
Industry will have little reason to 


complain of overburdensome regulation, 


either. 


The principal proposals would 


require that- EPA be notified in advance of 





‘planned releases of genetically modified 


oorganisms into. the environment. 








of TSCA, 


Organisms intended to act as pesticides, 
whether natural or modified, already 
require EPA approval of safety and 
effectiveness before they can be marketed. 
Present rules, however, allow a blanket 
exemption for field testing on plots smaller 
than 10 acres. The agency is proposing to 
eliminate that exemption for genetically 
modified microorganisms, but wants to 
stop short of requiring a formal application 
(for an “Experimental Use Permit’’) for 
every such test. Companies would simply 
notify EPA of the planned test and provide 
basic data; if the agency does not object 
within 90 days, the tests could go ahead. 

For other organisms, EPA is planning to 
regulate environmental releases under the 
Toxic Substances Control Act (TSCA), by 
defining modified DNA as a ‘‘new 
chemical substance”. ‘‘Newness’’ would 
be determined operationally by taking 
account of the process used to produce it, 
thus avoiding the difficulties which arise 
because DNA recombination occurs in 
nature, TSCA basically requires manu- 
facturers to notify the EPA before manu- 
facturing any new chemical. The agency 
can hold up manufacturing if it believes 
additional safety data are needed and can, 
ultimately, seek a ban or restriction on the 
chemical. 

As under the pesticide regulations, an 
existing exemption for research and 
development would be modified to restrict 
field testing of modified organisms. 
Recombinant DNA research confined to 
the laboratory would remain within the 
purview of RAC. 

The TSCA rules would not apply to 
plants or animals, or to organisms used to 
make foods, food additives or drugs. They 
would, however, apply to engineered 
organisms used in the production of other 
chemicals — even if they were confined toa 
laboratory or manufacturing plant. The 
industry is expected to protest at this 
feature of its proposed rules, which would 
probably have an immediate effect on the 
plans of the biotechnology companies, 

As things are, the companies have on 
their books only a few projects entailing the 
release into the environment of engineered 
organisms — chiefly bacteria for dealing 
with pollution and for symbiotic nitrogen 
fixation. 

Although the agency says that it is not 
now planning to regulate naturally- 
occurring organisms in environments other 
than those in which they naturally occur, it 
notes that it could claim authority to do so 
under the ‘‘significant new use’’ provisions 








Stephen Budiansky 
























































at launch delay 


EUROPEAN space scientists were relieved, 
earlier this week, that their tripartite expe 
ment (with the United States) was launched 
last week from Cape Canaveral, one week 
late. In a field in which improvization: i 
frowned on, the circumstance that las 
minute work with a vacuum cleaner’ 
necessary to get the three satellites i 
orbit it counted a desperate measure. © 
The objective of the experiment, whic 
consists of three satellites called the Acti 
Magnetospheric Particle Tracer Explorers 
(AMPTE), is to follow the behaviow 
ions in the Earth’s magnetosphere. To 
end, quantities of lithium and barium 
be released at three pre-planned intervals 
during the next twelve months. Part of the 
anxiety about the prospect that last wee 
launch might be delayed stemmed from the 
knowledge that the first release is planned 
to coincide with the coming equinox. 
The experiment’s three satellites were 
provided by West Germany (to release 
lithium), the United Kingdom (to: follaw 
released material at close quarters) and the 
United States (to carry out observations at 
a distance). The orbits successfully attain- 
ed last week are highly eccentric, ranging 
between 550 km and nine Earth radii 
(175,000 km). The apogee of the: British 
and West German satellites is to be incréas 
ed to 18.7 Earth radii. before the first 
release (of lithium), allowing material to 
injected into the solar wind well outside the 
magnetopause. 
The US satellite is equipped for. the 
recognition of both lithium and barium 
ions but also for the monitoring of then 
mal constituents of the ions trapped with 
the magnetosphere. The first phase of th 
experiment should throw some light on the 
transmission of ions from the solar wind 
through the magnetopause. i 
By the later stages of the experiment; th 
apogee of the two more distant satellites 
will by precession liebetween the magn 
pause and the Earth’s bow shock of the 
solar wind beyond it (in December th 
year) and in the downwind tail of the mag- 
netosphere (at next year’s spring equinox), 
There is particular interest in the last of 
these releases (of a mixture of lithium and 
barium), when it should be possible to learn 
something of the behaviour of relatively. 
dense plasma within the trapped plasma of. 
the magnetosphere. 
The cause of the delay that could have 
postponed the experiment for six months: 
remains obscure. After the failure of a 
West German tracking computer, the space 
housing the three satellites (stacked on top 
of each other) was found to have been con- 
taminated with material from the lining of 
an umbilical connection used for flushing? 
the satellite compartment with nitrogen 




































































Japanese research 


EFFORTS to increase Japan’s research and 
evelopment expenditure to a staggering 3 
“per cent of gross national product (GNP), 
‘compared with the present 2.44 per cent (a 
‘couple of tenths of a per cent more than 
“most Western nations).are once again being 
called for by the Ministry of International 
¿Trade and Industry (MITI). 

to. The ‘‘three-per-cent-of-GNP”’ goal was 
‘first proposed in 1980 and its re-emergence 
tatime when the government is calling for 
more severe budget restraint than ever 
“before is a symptom of MITI’s current 
“high technology” fever: the belief that 
the holy trinity of ‘“‘biotechnology, elec- 
tronics and new materials” will guarantee 
:Japan’s prosperity into the twenty-first 
century. According to MITI estimates, 
electronics and information processing 
equipment will have a market of around 24 
million million yen (£74,000 million) in 
1990 and new materials and biotechnology 
<Y10 million million and Y4-7 million 
‘million respectively in AD 2000. 

¿o To attain the three per cent level would 
-require a massive change in the way 
research and development in Japan is sup- 
ported. At present, the government pro- 
vides only 27 per cent of the nation’s 
“research funds, while the rest of the money 
comes from (and is spent by) industry, in 
“stark contrast with the United States and 
the United Kingdom where a little over 50 
¿per cent of support is put up by govern- 
“tment. Even after allowing for the very 
‘much higher level of government- 
- sponsored defence research in the United 
< States, the Japanese Government still pro- 
«vides relatively less support for research (25 
“per cent against the US 33 per cent). The 





-MITI’s proposals 


Tue Ministry of International Trade and 
-Industry (MITD is basing this year’s budget 
.. proposals on a carefully integrated set of 
-strategic proposals, as follows: 

@ A series of tax breaks — worth 
¥100,000 million a year — is being planned 
to stimulate research and development in 
high technology. And MITI hopes to see in 
the next fiscal year tax credits, for as much 
vas 50 per cent of increases in basic research 
expenditures, together with 50 per cent de- 
_ preciation allowances for new research 
equipment and more favourable account- 
ing procedures. 

© The problem. of the lack of venture 
capital for small companies is to be tackled. 
Tax-free loans for small. companies in high 
technology, including software develop- 
ment companies, are proposed. MITI 
estimates there are some 3,000-5,000 small 
companies which could benefit from 

government support. 

=e MITI is planning to reorganize its own 
“research efforts and to change its own rules 











Ministry’s ambitions still higher 


three per cent level would, however, 
change all that, requiring the government 
to take a 40 per cent share in the nation’s 
research budget. 

Such an increase seems scarcely possible, 
but MITI believes that Japanese industry 
cannot carry out the large-scale basic 
research needed in high technology without 
substantial government support. And 
alongside a simple direct increase in fund- 
ing of the government’s own research 
laboratories, MITI is proposing a series of 
moves to stimulate ‘‘high-tech’’ industrial 
research — and to link more tightly govern- 
ment and industrial research. 

To bolster public support for the expan- 
sion of high technology research, MITI has 
made much of recent reports of the increas- 
ing ‘‘American threat”: news that the in- 
dustrial plant and equipment in the United 
States is now on average newer than in 
Japan and that US capital investment is in- 
creasing while that of Japan is decreasing. 

MITI’s wild enthusiasm for high 
technology is at least partly motivated by a 
desire to restore the prestige and influence 
it enjoyed in the high growth era of the 
1960s. The industries it fostered then and 
which were the locomotives of the 
Japanese economic miracle — steel, petro- 
chemicals and paper — are now in decline. 
Despite recent MITI efforts to enter into 
the rapidly expanding telecommunications 
field, the Ministry of Posts and Telecom- 
munications remains in control. MITI is 
now looking to high technology to save its 
own prestige as well as to guarantee 
Japan’s future prosperity. 

MITI’s war cry as it drafts next year’s 
budget request is bound to sharpen ten- 





so that joint government-industry 
research, rather than only contract work, 
can take place inside government 
laboratories. MITI’s numerous 
laboratories in Tsukuba Science City have 
superb modern facilities: access to MITI 
and its trained personnel will make joint 
research an attractive prospect for in- 
dustry. And the resulting patents and their 
use by third parties will not be controlled by 
the government as at present but jointly by 
industry and government. 
© MITI has an eye out for possible trade 
problems with other countries too, Next 
year it plans to set up a new institute, provi- 
sionally named the International Research 
Cooperation Japan Trust, modelled on the 
Humboldt Foundation of West Germany. 
Its aim is to avoid trade friction by pre- 
moting joint research projects. Postdoc- 
toral research workers will be invited to 
Japan for one or two years at a time with 
the aid of fund which with luck will be pro- 
vided in next year’s budget and by dona- 
tions from private industry. 

Alun Anderson 





full Category 3 status. 





sions with the Ministry of Education, 
Science and Culture’ (MESC), the chief: 
source of support for the universities and 
their ‘tbasic science’. MITI officials. are 
openly dismissive of MESC for failing to 
get the universities to work effectively with 
industry or to move quickly enough as 
research priorities change. But to those in 
the universities it seems that MITI policies 
reduce their role to that of supplying train- 
ed personnel to industrial laboratories — 
and even that is not an easy job. 

In biotechnology, for example, there 
seems little recognition of the need to main- 
tain a large pool of researchers doing truly 
fundamental research on the many diverse 
specializations that will need to be brought 
to bear for success. Although money for 
molecular biology research is available, 
there is a considerable shortage of staff. 

Indeed, it is doubtful whether Japanese 
biotechnology companies could have 
reached their present stage of development 
without the return of many scientists who 
were working in laboratories in the United 
States and Europe. When it comes to the 
science budget, though, the power and in- 
fluence of MITI (and the Science and 
Technology Agency) outweighs that of 
MESC, and there is little possibility, even if 
major increases in research spending are 
made, that the universities will benefit 
much fromthem. Alun Anderson 


AIDS 
London scare 
ends 


BLoop tests of London laboratory tech- 
nicians thought to have been exposed to 
acquired immune deficiency syndrome 
(AIDS) virus when a vacuum pump leaked 
have proved negative. The scare occurred 
at the Middlesex Hospital early in June 
when the retrovirus HTLV-II was being 
coated on plastic for antibody tests. 

It was claimed by the trade union 
ASTMS (Association of Scientific, Tech- 
nical and Managerial Staffs) that a vacuum 
pump used in this process was deficient. 
Professor John Patterson, head of the 
hospital’s virology department, has denied 
this, saying that the pump was outside the 
Class 1 safety cabinet in which the plating 
experiment was being carried out. He said 
that it was not possible to guarantee that an 
aerosol had not been discharged into the 
air, but that it was very unlikely. There 
were three traps in the pump line, the last 
one a dry trap, which had remained dry. 

Patterson says that it was right that. 
ASTMS should be concerned, but that 
their fears had been disspelled. Mr Pike, 
safety representative of ASTMS at the 
Middlesex Hospital reported that a 
meeting between ASTMS and hospital 
representatives agreed that safety 
procedures would be reviewed and the 
pathology laboratory involved upgraded to. 
Marcus Chown 





















“Indian anaemia 





‘Salt as iron 
vehicle 


- New Delhi 
AFTER nearly eight years of research, the 


National Institute of Nutrition (NIN) in 
Hyderabad has found a practical measure 
to control iron deficiency anaemia (IDA), 
= which afflicts more than half of India’s 
rural population, mostly women. At NIN’s 
recommendation, the Indian Government 
is taking steps to launch a national anaemia 
© control programme based on iron fortified 
common salt (IFS) for the entire 
population. 

The widespread prevalence of this 
“anaemia is believed to be due to poor 
absorption of iron from the millet-based 
diet consumed in India, aggravated by the 
inadequate diet of the poor. Under Indian 
conditions, salt is an ideal vehicle for 
supplementing dietary iron: Itis consumed 
by all and: manufactured in ‘only avery few 
_ places, where iron fortification facilities 
can easily be added. 

NIN’s choice of iron compound was 
ferrous sulphate, which is readily utilized 
by the body. The snag is that ferrous 
sulphate alters the colour of the salt. After 
“a series of laboratory studies, NIN has 
devised a preparation that remains stable 
for eight months without change of colour 


_ or deterioration in quality. The formula: 


3.5 mg oof ferrous sulphate, 3.5 mg of 
orthephosphoric acid (which prevents 
colour change) and 5 mg of sodium acid 
-sulphate (which improves the absorption 
of iron) in each gram of powdered salt. 
Two long-term community studies have 
been carried out to demonstrate the 
effectiveness of IFS in preventing and 
controlling anaemia. In one study, IFS 
-. was given for 18 months to children of a 
_ residential school between 5 and 15 years of 
ages In another study, sponsored by 
UNICEF, IFS was supplied to rural 
households near Hyderabad and Calcutta 
and’ to urban dwellers in Madras city. In 
_ both studies, according to NIN, IFS was 
effective and free from side effects. 
Even so, experts have pointed out that 
use of IFS for the entire population may 
„not be without risk. It is feared that intake 
of extra iron over and above that derived 
from diet might increase the risk of 
infection. NIN, however, says that IFS 
consumption by normal people is safe and 
that, on the contrary, the available 
evidence shows that extra iron may actually 
improve ‘“‘immune status and other 
functional capacities of the population”. 
“The Government of India is at present 
also supplying iodized salt for the control 
of goitre in endemic areas in the sub- 
Himalayan belt. Since anaemia is also 
prevalent in that region, NIN is hoping to 
tackle both problems with salt fortified 
-with beth iron and iodide using a new 
_ formulanow being evaluated. i 
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US tax credits a failure 


Washington 

WHAT seemed to be a straightforward 
scheme to encourage companies to put 
more money into research by offering 
special tax incentives has turned out to bea 
major disappointment, and it now seems 
likely that the four-year test of. the 
programme will not be extended. 

The United States thus appears ready to 
follow in the footsteps of Sweden, which 
recently abandoned its programme of tax 
credits for spending on research and 
development after a ten-year trial 
produced little evidence of any benefit to 
research activities in the private sector. 

The US programme, which is costing the 
Treasury $1,000-£1,500 million annually, 
allows companies to claim a 25 per cent 
credit for any expenditures on research and 
development that exceed the average of 
such expenditures for the preceding three 
years. The credit, which is applied directly 
against the company’s tax liability, is in 
addition to the usual deduction against 
revenues allowed for all business expenses. 
In-house research costs plus 65 per cent of 
contracts (including contracts to. univer- 
sities) count towards the total. 

The 1981 legislation that established the 
programme also allowed ‘‘enhanced 
deductions” for companies donating state- 
of-the-art scientific equipment to 
educational institutions. Normally, 
companies can claim only their manu- 
facturing costs when they make charitable 
donations of their products; the 1981 rule 
allows them to claim the full wholesale 
price so long as the equipment is new and 
working and the recipient is a college or 
university. 

In practice, the results have fallen far 
short of the promise. A survey recently 
conducted by the General Accounting 
Office (GAO) found a significant number 
of service companies claiming the tax 
credit, generally for their ‘‘research’’ 
efforts in developing software. An earlier 
survey by the Treasury Department found 
fast-food restaurants, bakeries, home 
builders, publishing houses and movie 
studios among them. These non-manufac- 
turing and non-utility firms reported a sus- 
piciously large growth in their research and 
development activities of 91 per cent 
between 1980, before the credit was intro- 
duced, and 1981. 

Even among the manufacturing 
companies that claimed the bulk of the 
credits, there is little evidence that they 
were heavily influenced by it. In a non- 
scientific sampling of 86 companies, GAO 
found that slightly over one-third actually 
acknowledged that the credit had had no 
effect whatsoever on their research 
programme. Other statistics tend to. con- 
firm this conclusion more generally. 
According to Robert Eisner, an economist 


at Northwestern University, much of the |. 
































































increase reported from 1980 to 1981 and 
subsequently was apparently the result of 
‘creative accounting’ — redefining as 
research certain types of expenditures that 
were not considered. as such in calculating 
the base rate of the previous three years. 
Another factor behind the large amount 
of credits being claimed was ‘inflatio 
Companies were allowed to claim a credit 
for a nominal increase in research expendi- 
tures even when the increase only kept pa 
with inflation. 
A survey conducted by Edwin Man: 
field, an economist at the University of 
Pennsylvania, of almost 800 companies 
with research budgets greater. than $1 
million showed that by their own estimates 
they would have spent only 1.2 percent less 
in 1982 in the absence of the credits. Man: 
field concluded that it was very unlikely 
that the tax-credits-induced research an 
development in 1983 exceeded $683 
million, while costing the Treasury $1,000 
million in lost revenue. os 
It comes as no surprise that the major 
industrial trade associations are staunchi 
behind a continuation of the programme. 
(A-representative of the National Food 
Processors Association appeared. before 
the. House of Representatives Ways and 
Means Committee to spread the word that 
“some of our innovative packaging. and 
processing technologies might “still be 
something in our future’’ were it not forthe 
tax credits.) : 
A group called the National Coalition 
for Science. and Technology (NCST), a 
self-styled ‘‘science lobby’’ representing 
1,000 scientists and engineers and abo 
two. dozen high-technology companies, 
also supports the programme. NCST’s 
executive director, Marc Rosenber. 
argues that four years is simply not enough 
time to expect a measurable effect fromthe 
programme, given the lengthy advance 
planning that goes into research decisions, 
and that all that has been done so far is to 
reward companies ex post facto -fo 
decisions taken before the credit was. 
enacted. Uncertainty over the extension of | 
the credit has also limited its effectiveness 
he said. The credit is set to expire at the en 
of next year. The Senate has passed an’ 
extension; the House has balked, and is. 
considered unlikely to act this year. cogs 
If a bill is passed, it is likely to include. 
language that would tighten the definition |: 
of qualifying research to eliminate 
marketing research (which appears to have = 
slipped in under the present rules) and 
emphasize technologically-based products ©: 
and processes. But faced with the prospect... 
of having to find additional revenue to’ 
reduce the $200,000 million annual deficit, 
the Ways and Means Committee is not- 
going to go easy next year on a bill that- 
grants a $1,000 million tax break to business: ® 
Stephen Budiansky o 











































































US environme environihental protection 


= Washington 
US FEDERAL agencies are not well known 
for complaining that they have been voted 
too much money. That, however, seems to 
be the attitude of the Environmental 
Protection Agency (EPA) to a recent vote 
in the House of Representatives to 
“accelerate and expand the agency's ‘‘super- 
fund” programme for clearing up toxic 
waste dumps. EPA says it would not be 
able to spend the House’s proposed budget 
“increase fast enough. 
< Superfund came into existence in 1980 to 
deal with chemical emergencies and, more 
-gontroversially, the chronic problem of 
deteriorating waste dumps. There are at 
‘least 18,000 potentially hazardous sites 
known to EPA, and more than 500 have 
already been placed on a ‘‘national 
priority” list of sites posing a long-term 
‘threat to health or environment. The 
priority list could soon increase to more 
than 2,000 sites. 
EPA’s budget for the first five years of 
«the superfund programme was $1,600 
million, but the House of Representatives 
voted overwhelmingly earlier this month to 
“increase this more than sixfold, to a total of 
- $10,200 million for the next five years. But 
there were conditions. This apparent 
generosity was tied to a strict timetable for 
_ action: congressional critics of EPA 
maintain that the agency got off to a poor 
starton superfund and are fond of pointing 
“out that only six clean-ups have been 
¿Completed in the 4 years since the 
programme began. General support for 
EPA has decreased markedly, while many 
of its scientists, demoralized, have moved 
to jobs in academic institutions or industry. 
The House of Represertatives has now 
said it wants EPA to start on-site remedial 
action at 150 locations each year, as well as 
speeding up its study effort. Mr Lee M. 
Thomas, EPA’s deputy administrator for 
solid waste and emergency response, has 
‘described these requirements as 
“unrealistic” in congressional testimony. 
Thomas estimated that the mandatory 
schedules alone would cost EPA $7,400 
million over the 5 years, with other 
“provisions in the House bill increasing the 
cost still further. The result, according to 
Thomas, could be “the paradox of actually 
slowing down clean-up operations” 
This. stark prediction, perhaps unsur- 
prisingly, cuts no ice with Representative 
James Florio (Democrat, New Jersey), 
who sponsored the House superfund 
‘reauthorization bill. Congressional 
analysts who support the House initiative 
say that EPA has deliberately exaggerated 
the cost of clean-ups to make a political 
“point. 
“One controversial clause in the House 
bill that would have given the automatic 
% right to sue in federal courts to those 


< claiming to have been injured by toxic, 








Agency pleads for less support 


chemicals was defeated by a narrow 
majority, much to the relief of the chemical 
industry. At present, claims against 
polluters have to go through the state 
courts first, where the standards of proof 
required may be more difficult for 
claimants to meet. Many state laws also 
impose time limits on claims which may 
make court action difficult if the alleged 
damage oceurred many years before. 

One revision to superfund that the house 
failed to take on board was a proposal, 
favoured by the chemical industry, to 
broaden the scope of its financing. Under 
the existing legislation, superfund is paid 
for largely by manufacturers and importers 
of 42 critical ‘‘feedstock’’ chemicals. This 
formula means that a high proportion of 
the cost falls to relatively few companies, 
while other historical polluters — such as 





mining companies — get away scot-free: 
(Superfund is used only in an emergency 
and when a culprit cannot be found; the 
cost of clean-up operations rests with the 
polluter otherwise). The house did, 
however, retain the option of introducing a 
“waste end” tax — to be paid on waste 
produced. This form of taxation would, it 
is hoped, encourage more recycling and 
spread the cost of the programme in the 
way the chemical industry wants. 

The Senate has not yet voted on its super- 
fund reauthorization. Although some say 
it will follow the House lead during 
September, there is strong pressure on 
senators to wait until after the presidential 
election in November. The job is certainly 
not urgent, because the existing authori- 
zation will carry the programme through 
until the end of 1985. The administration 
fears that an overgenerous authorization 
will cause political damage, and is anxious 
to keep the issue out of sight for as long as 
possible. Tim Beardsley 





Albanian universities 


Old problems found anew 


POSTGRADUATE training at the Albanian 
university of Tirana is to be considerably 
expanded next term, with 50 courses as 
against 27 now, according to the Albanian 
press agency ATA. This appears to be a 
direct response to swingeing criticisms of 
Albania’s higher education system by 
Ramiz Alia, chairman of the presidium of 
the People’s Assembly, when he visited the 
university on 31 May. Since the purges of 
1982, Alia has emerged as front runner in 
the succession to the ageing party leader 
Enver Hoxha, for whom he now 
increasingly deputizes. His speech at 
Tirana, the full text of which reached the 
West only at the beginning of August, took 
the form of a commentary on Hoxha’s 
message to the university for its silver 
jubilee in 1982. 

Higher education in Albania (Tirana 
University and a handful of agricultural, 
veterinary, pedagogic, physical culture and 
fine arts colleges) is, according to party 
doctrine, strongly geared to the needs of 
the economy; young people completing 
their studies are drafted to ‘‘serve the cause 
of the country and socialism wherever 
needed’. Yet, according to Alia, higher 
education is frequently little more than a 
mechanical repetition by lecturers of 
textbook facts, while practical work and 
the training of students in technical 
dexterity is frequently neglected. Job- 
related training of undergraduates is 
“acute’’, and too little is being done to 
“discover and encourage new talent’ and 
to develop students’ ‘“‘practical and 
creative spirit’’ and ‘‘technical intuition”? 

According to Alia, one of the main 
causes of this shortfall is the ‘‘mediocrity’’ 
and even ‘incompetence’? of lecturers. 
During the past few years, he said, the 


party has been pressing for the replacement 1. 











of these unsatisfactory persons but found it 
difficult to identify them due to a “‘spirit of 
concession and compromise’’ stil 
widespread in academic circles. Just how 
this cover-up has operated is not entirely 
clear since, according to Alia, the 
incompetents can be recognized by their 
poor standard of training, the long delays 
in their own progress up the academic 
ladder and the paucity of their publi- 
cations. A simple check of curricula vitae 
and a scan of Albania’s 30 or so learned 
journals would surely serve to locate the 
most flagrant offenders. 

Tardiness in obtaining higher qualifi- 
cations is, in Alia’s opinion, the dis- 
tinguishing mark of slackers who do not 
recognize that research is for higher 
education the ‘healthy and essential 
breath needed for progress’’. Some 
slackers, he complained, only defend one 
or two postgraduate theses, and then 
remain at that level. (Albania has a five- 
stage hierarchy of academic degrees and 
titles.) 

At the same time, some of the ablest 
young graduates are immediately over- 
burdened with teaching duties instead of 
being able to concentrate on their own 
postgraduate studies. The university and 
colleges, Alia urged, should make more 
‘rational’? use of such ‘‘cadres’’, since 
what the country most requires of them is 
“a high rapid and intensive qualification te 
the standard of contemporary science, . . . 
an integrated, scientific and professional 
training, . . . a solid mastering of basic 
foreign languages, a gradual but regular 
involvement in research activity both 
within and outside the higher schools and 
publication ... from textbooks to genuine 
scientific monographs” 





Vera Rich 














Visa protests 


NEWS - 


Who will go to Prague? 


JoHN Ziman, the British physicist, 
announces on p.619 his withdrawal from 
the Prague annual general meeting later 
this month of the European Physical 
Society (EPS). Ziman is protesting at the 
refusal of the Czechoslovak authorities to 
grant an entry visa to Czech emigré 
Frantisek Janouch (see Nature, 26 July, 
p.268), theorist and particle physicist, but 
it seems that Ziman will be protesting 
alone, He has circulated his letter to all 
-< other speakers at the Prague meeting, 
where he was to have given the Cecil Powell 
memorial lecture, but.by last week neither 
he nor EPS had heard of any other with- 
* -drawals. The protest over the Janouch 

réfusal seems destined to fizzle out, and 

EPS — says its president Godfrey Stafford 

-— will not cancel the general council 

meeting.on which Janouch was to sit. This 

says Ziman, is. “‘scandalous and 
timorous”’. 

EPS, however, says that it would be 
impossible to reach agreement among the 
90-member council, many of whom are 
East Europeans, to cancel the meeting, and 
that an attempt to do so might split the 
delicately balanced society in two. 
Anyway, says Stafford, EPS has been ‘‘no 
less successful’ this timein arranging visas 
than-at.any other meeting. Only Janouch 

“hasbeen refused. Visas have been 
arranged, for example, for the whole 

Israeli delegation, although Czecho- 
` slovakia has no diplomatic relations with 
` Israel, and even — after some difficulty — 
“for a French supporter of the Charter 77 
movement, outlawed in Czechoslovakia. 

The main issue behind the dispute seems 
tobe how far a ‘‘trans-bloc’’ scientific 
body such as EPS can go in pressing a case 
when the individual has both a scientific 
and a natural political interest in attending 
a meeting. 

EPS also points out that visa refusals are 
not uriknown in the West. At the last EPS 
annual general meeting at York, in Britain, 
. an East German (Professor Bethge, of 
Halle) was refused a visa until the last 
moment, when it was too late for him to 
attend. At another EPS meeting at 
Grenoble, France refused a second East 
German (Professor Auth) a visa. EPS 
protested strongly on these occasions, but 
no explanations were given. 

Ziman, however, says he would certainly 
protest at any visa refusal in any country. 
Moreover, he believes that Janouch is no 
“More than outspoken about his mother 
country, and is not an activist. Janouch is, 
in fact, active in a Swedish committee 
supporting the Charter 77 movement, but 
~. believes such activity is “humanitarian 
and cultural’’ only, and not political. 
The president of the Czechoslovak 
-Academy of Sciences thinks otherwise. Ina 
-teply to Ziman’s circulated letter, he 








xpresses surprise that the British physicist 


based his protest on ‘‘one-sided infor- 
mation” and that he had not tried to get 
information from the academy about 
Janouch. Explaining the successes with the 
Israelis and others, he goes on to say ‘‘the 
case of Janouch is rather different. He is a 
Czech emigré who has been, and is, 
working actively against the interests of our 
country, and you should not be surprised at 
the action of our authorities.” 

Moreover, the letter goes on, ‘“‘it would 
not be the first time that the activities of 
Janouch have threatened to split EPS”. 
This, presumably, refers to events of 1973, 
when the Czechoslovak Academy of 
Sciences was angling to host the 1975 EPS 
Congress, but was told by the then 
president of EPS, Professor H.B.G. 
Casimir of the Netherlands, that the 
society would be happy to accept the 
invitation, but that the situation of 
Professor Janouch could be a difficulty. 

Dr Janouch had been dismissed from his 
job with the academy in 1970 on the 
grounds of ‘‘violating socialist order’’, 
thus becoming the first victim in the 
academy of the purge ‘‘normalizing’’ the 
situation after the Prague spring. Although 
offered jobs in both Denmark and Sweden, 
Dr Janouch could not obtain an exit visa. 








Asa result of Casimir’s intervention, the 
Czechoslovak Academy of Sciences 
cancelled its invitation for the conferenc 


Shortly afterwards, Dr Janouch was 
informed, during an interrogation by. the 
secret police, that it would be “more 
reasonable of him if he applied fora 
passport’’, a suggestion reiterated by the 
academy authorities. 

At the end of 1973, Dr Janouch: was 
allowed. to leave for Sweden, with: 
passport permitting him to return.to 
Czechoslovakia within five years. In 
February 1975, however, he was form 
deprived of his Czechoslovak citizenship 
and when his appeal for reinstatement w: 
rejected, had to apply for political asylum 
in. Sweden. In 1979, he became a 
naturalized Swede. 

Eighteen months ago, Janouch: was 
elected to the general council of the 
EPS as one of the nine representatives 
the “individual ordinary . members’ 
Ironically, had it not been for Dr Janouc 
there might never have been an- Ei 
European presence in EPS, and t 
problem of ‘‘trans-bloc’’ conferene 
might never have arisen. During the 
negotiations in 1967-68 which led to the 
foundation of the society, it was Janouch 
still at that time in good political standing, 
who persuaded the ‘Soviet and «East 
European physical societies to join: 

Robert Walgate and Vera Rich 








Particle pHysics 


Der Spiegel makes trouble 


DER SPIEGEL, West Germany’ s equivalent 
of Time magazine, threw the West German 
particle physics lobby into high gear last 
week with a scathing article by a British 
“professor of atomic physics’’ suggesting 
that the latest German particle accelerator, 


raised by what. physicists describe-as. the 
pure abuse of Parlour’s article, its apparent! 
authorship by an insider and the attention 
given it by publication in Der Speigel, “IU: 
crazy’’, said a spokesman of the Deutsches 
Electronen Synchrotron at Hambur 








Sterbehilfe fiir eine Kinigin 


Die teure und sinnlose Jagd nach den Keinsten Teilchen / Von Richard Parlour 


ist die moderne Ti 


ntionierten Wissenschattszweige 
westiichen Industriestaaten. Allein der Speicherring, 
der gegenwärtig bel Desy in Hamburg im Bau ist, 


the DM6,000 million (£1,600 million) 
HERA, may be about as useful as the 
Egyptian pyramids. 

The author, Richard Parlour, until 
recently a PhD student at University 
College, London, has touched a raw nerve. 
His view exactly matches that of West 
German environmentalists, the Greens, 
who now have political power through 
parliamentary representation won in the 
last general election. 

To particle physicists, HERA will be a 
valuable complement to LEP, the electron- 
positron collider being built at the 
European centre for nuclear physics, 
CERN. HERA will-ultimately be colliding 
leptons with quarks, providing results that 
should dovetail with one another. 


- West German tempers were particularly | 


| limitation and some letters of protest to” 
‘Der Spiegel. _ 





kostet 950 Millionen Mark. Dieser Aufwand sei unsinnig, 
inte die "Theap von Richerd Patou, Professor” so.. 





where HERA is being built. ““There’s nota 
single argument in it, it’s full of errors, arid 
it ignores the past 20 years of great 
advances in particle physics.” Neverthe- 
less, the article could do ‘‘enormous ’ 
political damage’’ because of the 
resonance with the Greens’ position and: 
because ‘“‘that’s the kind of article. 
politicians read”. 

If the article had been published a few 
months ago, when the political decision to 
go ahead with HERA was being made, its- 
effect could have been more damaging, 
Now, however, the sensitive and active. 
West German high-energy physics com- 
munity will be taking care not to over- 
react. There will be some discreet damage- ; 


Robert Walgate 
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juropean fast reactors. 
UK committee 
critical of pact 


DESPITE reservations by a House of 
Commons Select Committee last month, 
Britain is to sign a major agreement with 
five other European nations jointly to 
develop a commercial fast-breeder nuclear 
reactor. That is the good news for the UK 
Atomic Energy Authority (UKAEA). The 
bad news comes in the government’s review 
of thé authority’s future, commissioned in 
1982 but not published. 

- The Select Committee on Energy, in its 
éxamination of Energy Research, Develop- 
ment and Demonstration in the United 
Kingdom (HMSO), singled out the fast- 
breeder programme for particular 
criticism. It has already cost £2,400 million 
and could cost £3,300 million more before 
a commercial reactor is in trouble-free 
operation. 

The European collaborative effort 
entails the construction of three com- 
mercial reactors — in Britain, France and 
West Germany. (The other participants are 
Italy, the Netherlands and Belgium.) Sir 
Peter Hirsch, chairman of UKABA, told 
the committee that it was necessary to build 
three reactors in order to satisfy divergent 
national licensing and operating 

procedures. The committee says that this 

seems to preclude common safety and 
design standards — a prime reason for stich 

a cooperative venture in the first place. 

According to the committee, cost 
savings for Britain would be neligible. 

Furthermore, it says, there is no evidence 
that Britain would face insurmountable 
technical problems if it opted to proceed 

with the fast-breeder programme alone. In 

the proposed agreement; Britain’s reactor 

‘would be the last of the three to be built. 

The Select Committee was also critical of 
the British thermonuclear fusion 
programme. Although scientific feasibility 
‘has always been in question, a major long- 
term commitment, denied to many less 
glamorous energy projects, has been made. 
Sir Hermann Bondi, a former chief 

‘scientist at the Department of Energy, is 
‘sceptical of the project, claiming that if a 
commercial fast-breeder reactor were 
developed, British long-term energy needs 
would be satiated and the fusion effort 
“would no longer be necessary. On the other 
hand, if the breeder were to go, then the 
‘fusion programme should be scrapped 
also, as there is no evidence that 
commercial fusion will pose any less of a 
waste disposal problem. 

These points tend to reinforce the Select 
Committee’s view that nuclear projects are 
‘not. subject. to the stringent reviewing 
procedures of other energy projects. There 
is the feeling, fair or not, that, because of 
the enormous investment made in them, it 
is impossible to refuse demands for 

‘ontinued funds. 














. -Marcus Chown : 





Satellite insurance 








Shuttle to make good failure? 


Washington 

THE National Aeronautics and Space 
Administration (NASA) has formally 
announced a deal concluded with two 
insurance syndicates to retrieve and return 
to Earth the ill-fated Palapa B-2 communi- 
cations satellite. The satellite belongs to 
the government of Indonesia and was 
launched into the wrong orbit last 
February. Negotiations still in progress 
could lead to a similar agreement to rescue 
Western Union Communications’ Westar 
6 satellite, launched at the same time. If 
successful, the mission would be a major 
publicity coup for NASA, which has taken 
a drubbing over the failure of the shuttle to 
live up to expectations. 

The two satellites, although thought to 
be undamaged, have been useless since 
their launch from the shuttle. The failure 
of the rocket motors on the payload assist 
modules prevented the satellites from 
reaching geosynchronous orbit, and both 
are now in a parking orbit about 560 miles 
high. The two insurance syndicates 
involved, International Technology 
Underwriters of Washington, DC, and 
Merritt Syndicates Ltd, of London, have 
agreed to pay NASA $4.8 million for the 
return of Palapa B-2. If (as expected) 
Westar 6 is eventually included in the 
package, the bill would be $5.5 million — 
surprisingly little compared with the cost of 
a satellite launch, which can be up to $70 
million, The advantage to NASA will lie in 
the public demonstration that the shuttle 
can be used to return to Earth satellites not 
designed for retrieval. Hughes Communi- 
cations will be paid $2.5 million for having 
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“looked after’’ Palapa in orbit. 

There are still some technical questions 
to be answered, however. The satellites will 
first be brought down under their own 
power to the shuttle’s orbit at an altitude of 
about 200 miles. Both are at present 
rotating at 55 revolutions per minute and 
would have to be slowed down enough for 
an astronaut to approach, while still 
maintaining gyroscopic stability. The 
approach by the shuttle orbiter will be 
carefully contrived so as to avoid its 
thrusters being fired at the satellites. 

If the approach is made successfully, the 


satellites will be transferred. into the pay- 
; load bay by a complex series of operations: 





; involving the shuttle’s remote manipulator 


arm, with the initial contact being made by 
a free-flying astronaut powered by back- 
pack jets. The loading operation is planned 
to take about 4 hours per satellite. There 
could be complications in trying to 
maintain a suitable temperature, however. 
The Westar satellite would have to be 
picked up in an attitude that would allow it 
to get very cold during loading, and there is 
concern that this could threaten the 
operation. . 
The owners of the two satellites both 
received substantial insurance payouts 
when the satellites failed to reach the 
proper orbit in February. Under the agree- 
ment w reached to retrieve Palapa, 
owners, ip of the satellite would pass to the 
insurers before the operation started. The 
final agreement may include a provision 
for NASA to recondition the satellite once 
back on Earth. The price of a new HS 376 
communications satellite of the Palapa and 
Westar 6 type is around $35 million. If the 
rescue is successful, the insurers will thus be 
the first vendors on the used satellite 
market. The ownership issue is still not 
resolved in the case of the Westar satellite, 
but the deal to retrieve Palapa looks to be 
settled. The insurers’ total loss on the 
failure in February has been estimated at 
$75 million. Tim Beardsley 














Open University help 
for women 


i Doai 
AFTER three successful years, a British 
scheme for providing financial assistance 
for women taking technical courses at the 
Open University is to be expanded. The 
scheme, run by the Manpower Services 
Commission and previously open only to 
women with a technical background, will 
now be extended to include those with no 
technical experience. Seventy places a year 
will be provided on the £42,000 a year 
scheme, compared with the hundred places 
offered in the past three years. 

The technical courses cited for this 
special treatment, twenty-six in number, 
include electronics, telecommunications, 
engineering and computing. Successful 
applicants for a bursary will be able to 
embark immediately on one of these 
courses or, if required, take a first year 
“technology foundation course”. There 
will be a preliminary ‘‘confidence 
boosting” weekend at Loughborough Uni- | 
versity, where students will be helped to 
identify a direction of study, their own 
weaknesses and the relevance of any 
previous job experience. Travel expenses to 
Loughborough and the annual week-long 
summer courses will be paid, leaving the 
bursary holders to contribute just £40. 
towards their yearly fees. MarcusChown 
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Prague meeting 


Sirk — I was shown an advanced copy of a 
letter from Professor Janouch shortly 
before its publication in Nature on 26 July 
(p.268). On 24 July I wrote to Dr Godfrey 
Stafford, President of the European 
Physical Society, as follows: 


“The refusal of a visa to Professor 
Frantisek Janouch to participate in the 
6th General Conference of the Euro- 
pean Physical Society in Prague must be 
causing you grave concern. Janouch is 
not only a distinguished theoretical 
physicist, but also an elected member of 
the EPS Council, so that his enforced 
absence from this meeting would leave 
an intolerable gap in its scienti 
professional proceedings. i 

I understand, from our telephone 
conversation the other day, that the 
EPS. is taking this up with the 
“Czechoslovak authorities, pointing out, 

-ipno doubt, that their decision conflicts 
with the general principles on the or- 
ganisation of international scientific 
meetings established by the Inter- 
national Council of Scientific Unions, 
and thus puts the whole meeting at risk. 
In support of any such representations, 
I should like to confirm to you in writing 
what T told you on the telephone — that 
I would not attend the Conference and 
give the Cecil Powell Memorial Lecture 
unless entry visas to Czechoslovakia are 
granted to all bona fide participants, 

including Frantisek Janouch. 

I need not say that it would be a 
matter of deep regret for me personally 
not to take part in this meeting. It was a 
particular honour to be invited to give 
this distinguished lecture, and I was 
looking forward with great pleasure to 
revisiting the beautiful city of Prague, 
where I have many old friends. But such 
personal considerations are of little 
weight against the need to reaffirm the 

„traditional principles of the inter- 
national scientific community. 1 am 
sending copies of this letter to all the 
other invited speakers to the Confer- 
ence, who must also have the same 
concern and may well be of the same 
opinion.” 
I did not make this letter public at the time, 
in order that further representations on this 
subject could be made to the Czechoslovak 
Government by both the EPS and the CS 
Academy of Sciences. | understand that 
such representations were indeed made, 
- most forcibly, but it is now clear that they 
were not successful, and that the General 
Conference, together with the associated 
business meetings of the Council, of this 
distinguished international scientific 
~ society will be taking place in the enforced 

absence of one of its leading members. I 

rust that all participants in these 




















CORRESPONDENCE 


proceedings will understand and 
appreciate the grounds for my withdrawal, 
which are precisely as stated above. 

J.M. ZIMAN 
Department of Social 

and Economic Studies, 

Imperial College, 
London SW7 2PG, UK 


PhD glut in Japan 


Sir — The special issue of Nature on 
science in India (12 April) attracted a flood 
of letters, whereas that on science in Japan 
(29 September 1983) apparently did not 
(see Nature 306, 220; 1983). The difference 
suggests that democracy, based on dialec- 
tics, is far more deeply entrenched among 
Indian than Japanese intellectuals. A test 
of this view of mine will be to see whether 
the response from Japan to the article by 
Alun Anderson (21 June) dealing with the 
burning issue of PhD glut, or ‘‘overdoc- 
tors” as they are called in Japan, will turn 
out to be a trickle or a deluge. 

As Anderson rightly pointed out, the 
overdoctor (OD) problem is characterized 
by the indifference of the parties involved 
except the victims themselves. Japan’s 
laissez-faire capitalism, the vicious com- 
petition which it engenders, in association 
with the hierarchical personal network 
which is almost the sole determinant of 
academic appointment and grant awards, 
is obviously the culprit. 

It is therefore hard for those involved to 
raise their voices in a personally con- 
spicuous way. Indeed, most of the activities 
of the OD campaign are actually run by 
graduate students — potentially ODs 
themselves — who will usually cease to be 
active once they have left postgraduate 
school for fear of offending their academic 
bosses. 

The age distribution among academic 
staff in Japan will surely lead to deficien- 
cies in Japanese science in a decade or so, 
but the lack of postdoctoral fellowships in 
Japan seems to worry overseas observers 
more seriously than the Japanese. In fact, 
I know of no article on the Japanese OD 
issues which is as lucid and to the point as 
Anderson’s. 

In reality, the problem is intimately link- 
ed with the university structure in Japan! 
Some ambitious scientists in provincial 
national universities, for example, are 
currently struggling to open doctor courses 
in their universities at this very time, but are 
frustrated by the university and the divide- 
and-rule tactics of the government. The 
OD problem is generated by elitism of the 
major national universities. 

I cannot help feeling that the whole 
situation is alarmingly similar to that which 
led to the student protests in the University 
of Tokyo in 1968*. At the beginning, the 
students identified themselves as victims 
within that arch-elitist university. When 
the protest gathered momentum towards 





the end of 1968, however, the students 





Cambridge CB3 0HE, UK 


realized that, after all, their protest was a. 
cosy way to join the elites of which they | 
were complaining, hence the famous 
slogan of ‘‘self-denial’’ launched at that. 
time. For a time, the defects of the universi- 
ty system in Japan were fiercely debated” 
but the outcome was that reform was shelv- 
ed with the “‘normalization”’ of the univer 
sities. called for after the ugly and violent: 
campus confrontations. p 
One of the features of that time was tha 
the insurgent students did not seek solidari 
ty with citizens in general, in contrast wit 
what happened in Paris in. May 1968 
Unless the OD can surmount the barrie 
between town and gown, that campaig 
may also fail. 
As for immediate remedies, government 
and industry should be urged to create’a 
huge fund for postdoctoral fellowships ( 
stead of EXPO etc.), which howe 
should be open to overseas applicants a: 
well, on a fair, competitive basis, with les 
or even no emphasis on proficiency i 
Japanese. University professors should: b 
given points for their record of collabo 
ating with ODs as co-authors of published 
papers. Also science shops, quite suc- 
cessful and widespread in the Netherlands: 
(Nature, 7 June) to provide enquiring: 
citizens with services in return for fees,” 
should be considered by ODs as an alt 
native source of income. - 
ATUHIRO SIBATANL. 
Department of Mathematics, 
Kyoto University, 
Kyoto 606, Japan 
(on leave from CSIRO, 
Sydney, Australia) 
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Sin — Your interesting news item (Nature. 
21 June, p.659) on ‘‘overdoctors’’ (ODs)in. 
Japan misses. an important point. PhD 
students are essential in a Japanese 
research group not only because of the 
heavy teaching load of the staff but because 
of the need for someone to supervise the: 
large numbers (often 50 per cent or more) 
of final-year undergraduates who stay on. 
to do the two-year MSc course. Se 
Japanese industry wants people with a. 
first degree, prefers those with an MSc, but: 
regards PhDs with some suspicion. If in- 
dustry, recognizing the supervisory role of 
a PhD student during his training as well as 
his enhanced technical skills, were to 
welcome PhDs, the OD problem would be 
much reduced. British industry has in re- 
cent years transformed its attitude to the 
PhD degree, and there now exists a variety 
of non-university options for a graduate.” 
student who cannot, or does not want to, 
pursue a research career. 
A.J. MACKINTOSH 
Cavendish Laboratories, 
Madingley Road, 








Two views on 


UK research 


Sir — We were heartened to see your 
leading article ‘‘Dead-end for British 
research’? (Nature 26 July, p.261), 
highlighting the fact that imaginative 
research is being killed off in this country. 
We support your plea to the government to 
act quickly, but not the contention that it 
alone is the culprit. We were astonished 


‘that no mention was made of the fact that 


the people actually doing the research, 
respected senior and junior scientists 


“throughout the country, saw the warning 


signs as long as ten years ago, which 
resulted in the formation of the 
Association of Researchers in Medicine 


«and Science (ARMS) in 1978. The publicity 


in. the scientific and lay press at the time 
of our lobby of Parliament in 1979, 
highlighted our concern in urging a major 
review of the whole research and 
development sector, and pointed out the 


-irretrievable losses and delays to scientific 


and technological progress that would 


_oresult if nothing was done (see Nature 282, 


§54; 1979). 

The basic problem lies not with the 
government but in the fixed attitudes in the 
research councils and universities as to how 
scientific research should be done. We 


believe that for research to prosper, at least 


some of it must become more professional, 
and not be exclusively the amateur part- 
time adjunct to teaching that it has 


historically been. This will necessitate 


establishment of research careers and 
recognition that the new graduate entering 
any research sphere needs training 
followed by probation. Recognized talent 


should then be rewarded with a career 


supervised by a body of professional 
researchers — as in any profession. 
Despite our protests that today’s young 
were more realistic and would turn away 
from research, to the detriment of research 
and the universities, nothing has been 


done. In fact, quite the reverse. The 


number of staff on short-term age- 
restricted grants has risen to 23 per cent of 
the university academic work-force, and 


the advice of the Advisory board for the 


Research Councils (ABRC) in July 1983 
was to extend these contracts not curtail 
them. ABRC proposes to increase the 
number of short-term posts in units where a 


‘career structure actually exists in order, 
among other things, to ‘‘employ experts in 


some special or new technique to train 
existing staff’’ (grants for not more than 3 
years, and a maximum of 5 years). ‘‘Post- 


doctoral fellowships to attract scientists 


(20-40) at the height of their scientific 
prowess to interact with existing staff” 
were also recommended (but to terminate 


“in 3 years — positively without extension or 


renewal). All the above would be subject to 


cethe waiving of redundancy/unfair 


dismissal rights. 











Are these attractive proposals? Why 
should the highly experienced, or the 
young, be used to ‘‘maintain the vigour 
and stimulus” of an outdated system, 
happy to discard them in 3 years or less? It 
shows no consideration for the people who 
will do the research, short or long-term, let 
alone for the quality of research such a 
sysem should produce. This smacks more 
of the treatment meted out by bullies to the 
nineteenth century chimney-sweep — not 
the advanced thinking vital for the 
sophisticated technology of the twenty- 
first century one would expect from a 
board controlling the nation’s research. 

Small wonder that with the prospect that 
at thirty (now much older than their fellow 
graduates who opted for a job with some 
form of career advancement) they will be 
unemployable, the young are now scorning 
not only research but also science. Our 
prediction in 1979 that such continuing 
policies would confirm the United 
Kingdom’s position as a third-rate 
economic and scientific power, with a 
complement of first-rate scientists and 
scientific opportunities going to waste, has 
really come to pass. 

Our proposals would attract back the 
young graduate, but urgent action is also 
needed to prevent the irreparable loss of 
key senior personnel. Implementation of 
our proposals would involve a change in 
the dual support system. Since it has 
completely broken down as a resylt of 
gayernment cuts, now is the time for 
action. H. ANNE SIMMONDS 
Association of Researchers 

in Medicine and Science Limited, 

c/o Clinical Research Laboratories, 
Guy’s Hospital, 
London SEI 9RT, UK 


Sir — Your leading article of 26 July is ill- 
judged, ill-informed and opinionated. It 
is one thing to moan about the financial 
problems of British universities and 
research councils, but it is quite another to 
belittle the efforts and achievements of 
British scientists in teaching and research. 
That you can find nothing in recent British 
research to lift your spirit or stretch your 
imagination reflects, sadly, the state of 
your spirit and your lack of imagination 
(notwithstanding your doubtful clair- 
voyance in the matter of Nobel prizes) 
rather than any shortcomings on our part. 
You say that we should take steps to defend 
ourselves against mediocrity, but surely 
you must appreciate that almost all 
scientific research is ‘‘mediocre’’ insofar as 
it is unworthy of banner headings in 
Nature and unlikely to be rewarded with a 
Nobel prize. 

A greater threat to British science than 
any supposed mediocrity within the 
research community is the onslaught of 
irrationality from without; for instance, 
you parody the British PhD system as 
“consisting of giving a young person a 
research problem and telling him [not her?] 


| to come back when it is solved’’. If by this 












you mean- that British research students are 
encourged to think for themselves then it is 
hardly, as you say, ‘‘amateurish’’; or do all 
those foreign professionals whose work 
you so admire get someone else to do their 
thinking? Have you ever head of Brian 
Josephson, who did rather well as an 
‘amateur’ British research student by 
thinking for himself. 

Perhaps you should try this thinking lark 
for yourself the next time you compose an 
editorial rather than just stringing together 
cliches. It takes some practice, but you 
might find it produces a more cogent 
argument, and one which focuses on the 
real problems affecting science. 

NEIL THOMAS 
Department of Physics, 
University of Birmingham, 
PO Box 363, 
Birmingham B15 2TT, UK 





Reform needed 


Sir — Somewhere in the back issues of 
Nature is the observation that, while in the 
nineteenth century the creative scientist 
could possibly expect starvation, in this 
century he is more likely to be buried in 
a mass of trivia. Unfortunately, public 
support for science also has more serious 
consequences, some of which are already 
evident. On the one hand, relatively large 
funding has attracted power-hungry 
people, (operators, grantsmen) into 
research, and on the other administration 
of these funds invokes the complementary 
bureaucratic ethos of playing it safe and 
other games of expediency and evasion. 
Consequently peer review, in principle 
the most effective method of evaluation, is 
seriously distorted both by incompetence 
and by unidentified conflicts of interest, in 
particular undue influence of operator 
types. Decisions reached in this way are 
not subject to any form of appeal or 
accountability. Bureaucrats also seem 
remarkably insensitive to ethical issues, 
especially when they reveal embarrassingly 
poor judgement on their part. 

A number of reforms are needed: (1) An 
effective appeals process; (2) ac- 
countability of review and award panels; 
(3) a precisely defined and strictly enforced 
code of ethics; (4) limitation of grant, 
awards to those in which the grantee is. 
performing directly on a day to day basis | 
(that is, no absentee ‘‘principal investig- 
ators’’). 

It should be recognized that admini- 
stration of science is a different 
undertaking from that of other public 
enterprises, since the primary unit is the: 
individual investigator who should not be 
forced into the position of becoming an 
entrepreneur in order to survive. On the 
contrary it is the job of the administrator to 
protect him from political currents which 
have little to do with the practice of scienceg 

M.C. GOODAL 
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Widespread after-effects 
of nuclear war 


from Edward Teller 


Radioactive fallout and depletion of the ozone layer, once believed catastrophic consequences of — 
nuclear war, are now proved unimportant in comparison to immediate war damage. Today, 
“nuclear winter” is claimed to have apocalyptic effects. Uncertainties in massive smoke 
production and in meteorological phenomena give reason to doubt this conclusion. 


CORRECT identification of danger is es- 
sential to intelligent action. Scientific 
knowledge of the after-effects of a nuclear 
war — fallout, ozone layer depletion and 
climatic effects — is of great importance in 
making political decisions. Early fears con- 
cerning. two of these, fallout. and ozone 
depletion, turned out to be exaggerated. A 
third, the fear of climatic changes due to 
smoke and dust, is under active discussion 
now. The study by Turco ef al. is an early 
contribution to the question'!. The pre- 
liminary and uncertain nature of their fin- 
dings deserves clarification. 


Fallout 


‘The consequences of war-engendered 
fallout on non-combatant nations were the 
first to receive widespread popular atten- 
‘tion. During the 1956 Presidential cam- 
paign, Adlai Stevenson raised the problem 
œf worldwide fallout.in an arresting man- 
wer. In 1957, a book, On the Beach, and its 
subsequent movie version popularized and 
perpetuated the belief that the effects of 
fallout would endanger, and probably ex- 
kinguish, all human life’. 

In 1975, the US National Accademy of 
‘Sciences issued a report in which the 
estimates of war-produced worldwide 
Wallout were so low as to have insignificant 
iological consequences?. However, esti- 
mates used in the study were scaled from 
arger nuclear weapons tests and, there- 
fore, were not representative. Actual 
weapons tests avoided atmospheric condi- 
“ons where rainfall was expected, and were 
aot carried out in middle latitudes. Because 
pf their size, a larger fraction of radioactive 
ee from the tests was injected into 
Mhe stratosphere than would be from cur- 
sent weapons and, because of the longer 

esidence time in the stratosphere, the 
»adioactivity of fallout from a nuclear war 
was underestimated. 

The best current calculations, made at 
«vawrence Livermore National Laboratory 
ALLNL), suggest that global-scale fallout 
will expose people in the non-belligerent 
_sountries in the Northern 30 to 70 degree 
atitudes to an average external dose of 20 
em. — a total dose delivered over 50 years‘. 


















“dward Teller is at Lawrence Livermore 
tional «Laboratory, Box 808, Livermore, 
lifornia, 94550, USA. 











It is important to note that this estimate 
holds on the average. Vagaries of weather, 
particularly of rainfall, can concentrate 
fallout in large but limited areas called hot 
spots, where the total dose values in non- 
belligerent countries could be as high as 250 
rems*. (The assignment of these doses does 
not take into account the shielding afford- 
ed by houses, which would reduce the 
radiation received by up to.one-half.) 

A given radiation dose received over a 
long period is generally less harmful than 
the same radiation dose received in an short 
time, because of continual biological 
repair>.°. The formula for slow dose rates 
in current use suggests that 90 percent of 
the damage is repaired at the rate of 2.5 per 
cent per day*. An acute dose of 100 rem or 
less does not cause appreciable radiation 
sickness. When the biological recovery for- 
mula is applied, a dose as high as 250 rem 
from worldwide fallout is built up at a rate 
so slow that it would not produce signifi- 
cant casualties. 

Inclusion of radioactive elements in the 
food chains might, on the average, increase 
these estimates by a factor of two*. Simple 
precautions based on generally held 
knowledge about fallout, such as that of- 
fered in public schools in the Soviet Union, 
could sharply limit this danger. The con- 
trast between the long-term danger of 
fallout to the worldwide population and 
the great immediate dangers in combatant 
countries is extremely marked. 

The worst case of fallout would occur if 
all nuclear reactors and all used reactor fuel 
elements were subjected to explosions 
violent enough to disperse their radioactive 
contents. Under these conditions, the 20 
rem average dose and the 250 rem “hot 
spot’’ dose may need to be multiplied by a 
factor of about eight*. Fallout in the non- 
belligerent northern hemisphere countries 
could then be a considerable danger. 
Vaporization and dispersion of reactor 
radioactivity is not easily accomplished nor 
does it appear to serve any important 
military purpose. It is therefore unlikely to 
occur. Early underground disposal of 
wastes would greatly diminish this danger. 

Thus, there is almost no likelihood that 
fallout outside the belligerent nations (with 
the exception of regions close to the 
belligerents) would have a major damaging 
effect. Even in the belligerent countries, 





fallout would have less important effects 
than the immediate effects of fire and blast” 
if the most elementary civil defence mea~ 
sures were exercised. Fallout is an example: 
of a consequence that further study has. 
shown to be far less important than 

originally feared. 


Ozone layer damage 
In the 1970s, there was concern about the. 
possible effects-of a nuclear conflict on the 
ozone layer?’, The small amounts of ozone 
present in the stratosphere play an impor- 
tant role in shielding the Earth from ultra- 
violet radiation. Large nuclear explosions 
propel the contents of their fireballs, in- 
cluding the molecules NO and NO, (collec-. 
tively referred to as NO,), into the high at- 
mosphere where they react with ozone, 
eventually converting ozone to oxygen 
molecules (O,). z 

If injected in sufficient quantity at high 
altitude, the NO, could deplete the ozone 
layer significantly. Ozone molecules. are 
steadily regenerated by solar radiation, but- 
the NO, residue from large nuclear explo- 
sions could reduce the effective thickness 
of the ozone layer by an average of 30to 40 
per cent for a period of a year or two®?. 
(For purposes of comparison, the effective 
thickness of the ozone layer during summer 
is about 20: percent less over Miami than 
Seattle.) Complete recovery would take 
several more years’. 

Assuming the explosion of thousands of 
megaton weapons, the calculated diminu-: 
tion of the ozone layer would give rise to in-. 
creased serious sunburn immediately and 
to an increased incidence of skin cancer 
over an extended time. These primary ef- 
fects, like the possibility of eye damage, 
could be countered with simple precau- 
tions. A secondary concern is that ozone 
depletion and the consequent increase in 
ultraviolet radiation would destroy ultra- 
violet-sensitive plants or plankton species, 
and would harm early springtime plant 
growth, with important effects on... 
ecosystem viability’. 

Since, in middle latitudes, observed 
natural variations of the ozone column are 
comparable with the predicted effects. of.a 
nuclear war with megaton weapons, the |. 
changes are not likely to be highly sig- 
nificant!'..The most pertinent considera- « 
tion, however, is that the present US- 


















arsenal has few nuclear explosives with the 
great yield that is a necessary precondition 
for depletion of the ozone layer. The same 
trend toward smaller, more accurately aim- 
ed and less costly weapons also has been 
- adopted with some delay by the Soviet 


Union. . 
In conclusion, problems related to a 


weakening of the ozone layer seem 
manageable, and with the rapid elimina- 
¿tion of weapons large enough to cause 
¿ozone layer damage, the probability of 
serious ozone layer depletion is dropping 
significantly. 


Effects of dust 


In the mid 1960s, the climatic effect of dust 
` raised by multiple nuclear blasts became a 
concern at Lawrence Livermore National 
< Laboratory. (Unfortunately, this early 
work by R.G. Gutmacher and G.H. Hig- 
‘gins is still classified.) Dust in the post- 
attack atmosphere would tend to reduce 
solar radiation received at the surface of 
--the Earth. If this reduction were sufficient- 
ly large and prolonged, the hemispheric 
temperature would be lowered. 

The effects produced by blast-lofted 
dust from nuclear explosions can be ex- 
pected to be analogous to those produced 
by dust spewed into the atmosphere by 

+ voleanic eruptions. Annual growth rings in 
bristlecone pine trees show the effects of 
early frost, and these changes are cor- 
related with large volcanic eruptions that 
distributed dust in the upper atmosphere!?. 
Comparing the historic volcanic events 
with annual growth rings offers a rough 
measure of the relationship between dust 
and worldwide temperature’. 

The quantity of small particles in the 
dust raised by a large scale war is com- 
parable with that produced in the largest 

H volcanic eruptions. Recent estimates of the 

© mass of small dust particles that would be 
lofted into the stratosphere in the event of a 
nuclear war are based on scanty informa- 
tion. Review and analysis of old air filter 
samples and recent tests involving large 
amounts of high explosives may provide a 
-more reliable basis for calculations. 

The most probable conclusion is that the 
atmospheric effects from war-generated 
“dust would be noticeable but by no means 
severe on a hemispheric scale. 


Effects of smoke 
In 1982, Crutzen and Birks proposed that 
smoke particles from forest fires produced 
-by a-nuclear war would give rise to a much 
more serious effect than dust. Smoke ab- 
sorbs sunlight as well as scattering it!?. In 
1983,.Turco er al. argued that smoke 
generated by fires in bombed cities or oil 
refineries would produce even greater ef- 
~ fects than those from the forest fires'. In 
discussing these results, some scientists 
have created the impression, aided by a 
short movie depicting the postulated ef- 
fects, that smoke from fires ignited by 
<æ nuclear explosions and, to a lesser extent, 
the dust raised by a nuclear exchange would 








bring about what is now known as “nuclear 
winter’’!4, 

The theory of a severe nuclear winter 
depends on the assumption that a large 
quantity of smoke will be emitted by burn- 
ing cities and forests and will be distributed 
in the troposphere. Such smoke-laden air, 
heated by sunlight, could raise the 
temperature at the tropopause from ap- 
proximately -50° to -60° C to about 5° C. 
The surface temperatures of the continents 
in the Northern Hemisphere between the 
latitudes of 30° and 70° might drop to 
about -30° C because of the absorption 
and scattering effect of the smoke. 

A large quantity of smoke at high 
altitudes would produce an extremely 
massive inversion, a state in which the 
temperature increases, rather than 
decreases, with altitude. In regions of in- 
version, rising air masses lose their 
buoyancy, so water condensation and rain 
is suppressed. Thus, smoke would persist 
in the upper atmosphere, shielding the 
Earth’s surface from sunlight. This situ- 
ation could persist for long periods of time, 
and the resulting temperature change 
would damage all life in the underlying 
region. The argument, as continued by 
Sagan, holds that smoke may well be dis- 
tributed over the entire globe and that the 
survival of the human race could be en- 
dangered. Although the findings of Turco 
et al. are inconclusive, Sagan calls them 
scientifically robust'*. 

Examination of the possibility of nuclear 
winter differs from ascertaining fallout and 
ozone layer depletion because it depends 
on meteorological phenomena that involve 
much more detailed and complex con- 
siderations and calculations. Several 
important meteorological processes are 
inadequately understood, and the bases for 
smoke estimation are very uncertain. 
Computer modelling sufficiently detailed 
and refined to handle all the various 
pertinent factors is not yet available. 

It would take about two weeks for the 
smoke to disperse over wide areas. Turco ef 
al. do not consider! in sufficient detail the 
abnormal mechanisms that may be oper- 
ating during this period which could 
sharply decrease the amount of smoke 
available. There is inadequate quantitative 
allowance for the effects of several major 
meteorological phenomena in the 
prediction of the nuclear winter, and the 
bases used for smoke estimation are most 
uncertain. 

The average tropospheric residence time 
of fine dust particles, such as those con- 
taining radioactivity, varies between one 
and three weeks*. The average residence 
time of water vapour in the atmosphere is 
little longer than a week!>. Studies of the 
continuing discharge rates of man-made 
and natural smoke, and observations of the 
average amount of smoke found in the 
atmosphere, suggest that smoke may have 
an atmospheric residence time of a week or 
less!®. 

Under all atmospheric conditions, water 








is the agent largely responsible for cleans- 
ing the atmosphere of smoke. Turco et al. 
estimate that 225 million tons of smoke 
particles (2.25x10'* grams) would be 
emitted in their 5,000 megaton baseline 
war!. A comparison between this weight of 
smoke and the weight of the water (drop- 
lets and vapour) in the northern latitudes 
between 30 and 70° shows that the water 
outweighs the smoke by a factor of ten 
thousand. The average lifetime of a water 
molecule in the atmosphere is little more 
than one week. So, in ten days, before the 
widespread smoke-associated cooling 
effect is established, a mass of water at least 
a few thousand times greater than the total 
mass of war-engendered smoke will rain 
out of the atmosphere. Turco et al. 
estimate that a factor of three or four of the 
smoke (depending on detailed conditions) 
will be removed by rainout in the fourteen 
day period. 

The highly relevant question of how 
much smoke will remain aloft after two 
weeks of rainout is completely unanswered 
because it depends on the relative altitudes 
of water and smoke, on alterations in 
scavenging processes, on latitudinal 
variations and on various other factors. 
Two studies suggest specific cleansing 
factors. 

The capping clouds which regularly 
appear in the smoke plumes above big fires 
are produced by condensed moisture that 
forms droplets too small to develop into 
rain. In one observation made for a US 
Environmental Protection Agency 1983 
report (preprint, University of Washing- 
ton, Seattle), L.F. Radke et al. measured 
the particle size distribution for smoke 
following two different paths, one through 
the cloud and one below it. A comparison 
of these two size distributions can be in- 
terpreted to say that the cloud reduced bya 
factor 10 the number of small smoke 
particles between one-tenth and one-half 
micron in size. The effect would be large 
because most of the particles would pass 
through the cloud. Unfortunately, this 
experiment has not been repeated for lack 
of funds. More experiments are now being 
planned. 

Changes produced by the capping cloud 
may result from each of the water droplets 
trapping many small smoke particles. 
Upon subsequent evaporation of the water 
droplets, these particles are agglomerate: 
into bigger units. In addition, Hane 
observed that aerosols increase in size i 
they are exposed to air in which the relativ 
humidity exceeds 90 per cent!’. Increasin; 
the sizes. of the particles reduces thei 
number in the range where they are mos 
effective in absorbing and scattering th 
sunlight. Larger smoke particles also rai 
out and fall more rapidly. Thus, at the ver 
origin of smoke generation, the particle: 
already may be prepared for more rapi 
deposition. 

The nuclear winter mechanism for th 
abrupt cooling of the Earth’s surface an 
the lower troposphere is effective only ove 


















“land. Over the oceans, the surface water is 
continually supplied with heat from below. 
For periods of many months, the temper- 
ature at the ocean surface would remain 
essentially unchanged. 

The Turco et al. model for predicting 
nuclear winter did not include the effects of 
oceans or winds in a quantitative manner! . 
The National Center for Atmospheric 
Research (NCAR) uses a somewhat more 
realistic model of the atmosphere in that it 
includes oceans and winds!®, In the NCAR 
model, the extent of the temperature 
reduction is lower by a factor two to ten 
(depending on the season) than in the 
Turco et al. study. 

However, the NCAR model still 
postulates that the injected smoke layer 
appears instantaneously at all temperate 
zone longitudes. Furthermore, the NCAR 
model postulates that solar radiation is 
absorbed by the smoke layer as though the 
layer were fixed in its longitudinal position 
and concentration. This postulate ignores 
the motion of the smoke produced by con- 
vection processes related to natural in- 
duced air flow. Finally, in the absence of a 
usable model, the NCAR study postponed 
a consideration of the most important 
factor of rainout. While the NCAR study is 
the most elaborate calculation yet 
produced, it does not provide estimates 
that can be considered final, even in an 
approximate sense. 

If a nuclear winter were to begin, 
unusually great temperature differences 
would be established between continents 
and oceans. This results in increased storms 
along the eastern coasts of the continents, 
with consequent mixing of air from high 
and low levels of the troposphere. Air from 
lower altitudes has a higher moisture 
content which is conducive to rainout. The 
storms are mentioned by Turco ef al. but 
not taken into account in the calculation of 
particle scavenging! . 

The warm wet air over the oceans might 
rise only to a fraction of the postulated 
stable altitude of the smoke layer. It is well- 
known, however, that storms and associ- 
ated turbulent air quite often extend well 
above the region of the original source of 
the storm and may transport moisture up to 
the tropopause. If the rain removed smoke 
from one area while leaving it untouched in 
another, the smoke layer would be patchy. 
The obstruction of light is most effective 
when smoke is well spread. The hemi- 
spheric light reduction would decrease as 
patchiness increased. 

The patchiness of smoke, in turn, could 
bring about further large temperature 
differences which will further drive the 
atmospheric processes that rain out more 
smoke. In this case, rainout of large smoke 
layers might proceed in an accelerating 
fashion. 

Some smoke particles, particularly those 
rom oil fires, absorb light strongly. At first 
these particles may be water-repellent, as 
Turco ef al. suggest. This property changes 
after relatively brief exposure (24 hours) to 








Capping cloud created by a forest fire at Reno, Nevada in July 1984, The photograph shows the 
smoke plume, the entrainment of the smoke into the central portion of the capping cloud, and the de- 





entrainment of the smoke aerosol from the lower portions of the capping cloud. (Photo by John 
Hallet of the University of Nevada Desert Research Institute.) 


natural oxidizing agents in the atmosphere. 
Such agents are likely to persist, at the very 
least, in the relatively clear patches inter- 
mixed with the smoke, Pure graphite is 
water repellent, but smoke usually consists 
of graphitic particles covered by organic 
material. Alternatively, large particles 
would act as condensation nuclei even if 
hygrophobic. Radke’s observation sug- 
gests that wood fires produce water- 
attracting particles even initially. There- 
fore, there is little reason to expect that 
rainout of all types of smoke particles 
would not occur. 

In conclusion, there is no obvious reason 
why large quantities of smoke particles 
should have a long residence time in the 
atmosphere. The calculations associated 
with the nuclear winter do not include 
major cleansing effects of water vapour 
which are themselves smoke-induced or the 
influence of the oceans and winds during 
the time needed for spreading the smoke 
world-wide. 

Arecent detailed study by A.A. Broyles, 
based on observations of forest fires and 
considering the proper modifications 
pertinent to a discussion of burning cities, 
proposes that the upper limit of smoke that 
might be emitted in a nuclear war is 360 
million tons while the lower limit is 15 
million tons!®. These limits are not 
rigorous; somewhat higher or lower figures 
are possible. However, the Turco et al. 
estimate for their baseline war producing 
225 million tons is in the upper range. 

The uncertainties associated with the 
amount of smoke that would be emitted are 





extremely numerous. The ratio of wood 
burned to smoke emitted depends on many 
factors, including moisture content, the: 
temperature of the air surrounding the fire, 
the manner in which the wood is packed 
and the accessibility of oxygen. The last 
two factors depend respectively on the size 
of the object burning and on the wind 
velocity. 

Estimates of the quantity of smoke 
generated are based on assumption that the 
amount of smoke is proportional to the 
ratio of the weight of the smoke emitted to 
the weight of the fuel burned. The 
measured smoke emission factor presented 
in one forestry report ranges from 0.0025 
to 0.063 for wood. Measurements made“ 
at Georgia Technical Institute give values 
ranging from less than 0.01 to 0.2 for 
plastics?!. There is some possibility that 
large urban fires may provide sufficient 
heating reinforcement among burning 
components to consume even more of the 
smoke that is indicated by these numbers so 
that even lower values are applicable. 

Estimates of the quantity of smoke also 
depend on the area burned, which in turn 
depends on many factors including the 
radiant energy flux required to produce 
ignition, atmospheric transmittance and 
topography. Estimates of the density of 
fuel in the areas burned also involve a large 
factor of uncertainty. The amount of wood 
in forests is usually considered to vary 
between 0.5 and 10 kilograms per square 
metre??; the corresponding values are 
between 20 and 200 kg m? in cities?3?5, e 

In cities with the higher fuel density 

















values, fire storms are possible. Fire storms 
which loft smoke to very high altitudes are 
relatively rare events, apparently depen- 
dent’ on the presence of dense fuel and 
‘particular meteorological conditions under 
which practically all available oxygen is 
consumed. The possibility that firestorms 
may loft smoke into the stratosphere 
cannot be excluded, but has never been ob- 
served. Turco et al, assume that only 5 
percent of the smoke produced is due to 
_ofirestorms!. A great deal of variability 
exists, and at present, there is no reliable 
‘basis for large scale estimates of smoke 
“emission from burning forests and cities. 
- Smoke generated by burning petroleum 
products, rubber and plastics tends to 
“absorb light more strongly than the smoke 
from burning wood. The predominant fuel 
in cities, at least 95 percent, seems to be 
wood and paper products??*4. The 
strength of light absorption of city smoke is 
¢ritically dependent on the proportion of 
petroleum products, plastics and rubber 
present. This uncertainty strongly 
influences possible temperature changes. 

Petroleum refineries could provide a 
total of 150 million tons (1.5 x 10!* grams) 
of fuel in the United States®*. The weight of 
smoke would be about 15 million tons. 
Much of it would contain sulphur oxides, 
and less than 10 per cent is apt to consist of 
strongly absorbing carbonaceous particles. 
Oil found or stored underground is not apt 
to be ignited. Thus, the strongly absorbing 
carbon-containing smoke from this source 
is small in quantity. 

Another major uncertainty connected 
with the properties of smoke is based on an 
inability to predict how a war would be 
conducted. If only purely military targets 
-were attacked with relatively small bombs, 
the amount of smoke generated would be 
much lower than that required for a nu- 
clear winter, and the argument for the 
unavoidability of a nuclear winter would 
Jose all force. Because of the trend toward 
“more accurate, lower-yield missiles, indis- 
criminate damage -~ the source of great 
quantitites of smoke — is far less likely. 
The deployment of anti-ballistic missile 
defenses would reduce further fire and 
smoke. 





Conclusions 

During the two-week period required to 
establish the full effects of a nuclear winter, 
the water in the atmosphere, ten thousand 
times greater in weight than the postulated 
emitted smoke, most probably will rain 
out. This alone could reduce the smoke 
_eontent, at low altitudes manyfold. Other 
-weather phenomena, enhanced by the 
patchiness of the smoke and the temper- 
ature differences between land and ocean, 
will serve to bring smoke from the upper 
levels of the troposphere to the lower, 
“whence it can be removed. The immediate 














coagulation effect of capping clouds on the 
smoke is unknown, but it might reduce the 
small smoke particles emitted (which are 
the most dangerous) tenfold. The targets 
that would be attacked are uncertain. The 
proportions of highly light-absorbent 
smoke that would be emitted are also 
unknown. Complex factors such as fuel 
density, moisture content, air temperature 
and other properties related to smoke 
emission make current estimates unreli- 
able. The associated effects of each of these 
uncertainties on temperature change tend 
to decrease the amount of smoke retained 
in the atmosphere. The effects of these un- 
certainties are large enough that revising a 
few of the smoke estimates and including a 
few meteorological effects invalidates the 
occurrence of a severe nuclear winter. 

Given the uncertainties and omissions in 
the theory on which nuclear winter is 
based, the concept of a severe climatic 
change must be considered dubious rather 
than robust. Nonetheless, the possibility of 
nuclear winter has not been excluded. 

The probability that war-engendered 
smoke and dust would reduce the temper- 
ature by at least one-tenth the number of 
degrees that Turco et al. predict, is 
obviously much greater than the proba- 
bility of the occurrence of extreme temper- 
ature changes. A decrease of 5° or 6° C 
between northern latitudes 30° to 70° 
during summer, rather than the predicted 
50° or 60° C, could still lead to widespread 
failure of harvests and famine. 

Therefore, there is every reason to 
undertake the difficult task of arriving at 
more realistic predictions. More funds 
should be allocated for experiments to 
sample fire plumes and to determine how 
emissions scale with the size and type of 
fire. Greater amounts of money, carefully 
spent on atmospheric modelling and 
experiments, would accelerate resolution 















of the basic questions: regarding nuclear 
winter. 

From Biblical times to the present 
written records testify to times of food 
shortage from. causes ranging from 
volcanic activity to mankind’s folly. The 
amount of suffering that would be 
produced today by the failure of a single 
year’s harvest is horrifying to consider. 
Extensive food storage could decrease 
greatly the risk of famine and could be 
easily accomplished in the United States, 
and in many other nations. The usefulness of 
such storage is unquestionable. 

Highly speculative theories of worldwide 
destruction — even the end of life on Earth 
— used as a call for a particular kind of 
political action serve neither the good repu- 
tation of science nor dispassionate political 
thought. Informing the general public 
about the reliability, unreliability or 
incomplete nature of such studies seems an 
important responsibility, for only then can 
decisions affecting the well-being of 
Western societies be made on an intelligent 
basis. 

I thank the scientists in the LLNL 
Atmospheric Sciences Division — Joseph 
B. Knox, Michael C. MacCracken, 
Frederick M. Luther, and Joyce E. Penner 
— for the research on which my main 
conclusions are based and for their 
comments on this paper. Particular thanks 
are due Professor Arthur A. Broyles, Uni- 
versity of Florida. Finally I thank the 
Hoover Institution, Stanford, California, 
for continuing editorial support. This work 
was performed under the auspices of the 
US Department of Energy under contract 
W-7405-Eng-48. The views and opinions 
are nevertheless those of the author alone, 
and the usual US government disclaimer of 
legal responsibility, explicit or implied, 
should be understood as accompanying 
this article. o 
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Is the ‘‘nuclear winter” real? 


The discussion on the so-called “nuclear winter” is continued here, with 


further contributions to come in future issues of Nature. 


THE article by Covey, Schneider and 
Thompson! breaks new ground in the 
atmospheric modelling of the possible 
effects of nuclear war, but despite that 
article and that of Turco et a/.* two crucial 
questions remain: Will there really be a 
major cooling of the continental land 
masses (down to some -40°C)? And would 
such a cooling effect be maintained for 
months or seasons rather than days or 
weeks? Here I highlight outstanding 
uncertainties that need investigation. 
Covey et al. start their model calcu- 
lations by. assuming a particulate layer in 
place in the atmosphere as a result of 
conflagrations of cities and forests 
following a nuclear exchange. This layer of 
“smoke and:soot is assumed to be more or 
less uniformly distributed over altitudes of 
»Fto 10 km; thick enough (optical depth = 
3.0) to cut off the (shortwave) solar 
radiation from the Earth’s surface but 
optically thin in the infrared (IR) (so that 
the surface can cool by radiating longwave 
radiation into space). In other words, they 
accept the physical model of Turco et al. 
and, not surprisingly, get a similar answer. 
I have the following points to make 
about the certainty of these effects. 
(1) The temperature change of the land 
‘surface (assuming small heat capacity) 
depends on a temporary imbalance 
between two very small fluxes: the inflow 
of solar radiation and the outflow of IR 
radiation, as well as the inflow and outflow 
of other energy fluxes. One cannot be sure 
even about the sign of the temperature 
change until all energy fluxes have been 
fully specified. Turco et al. and Covey etal. 
consider only a severe reduction of visible 
solar radiation, and explicitly assume that 
the particle layer would be optically thin in 
the IR, would not affect IR transmission so 
would not create a ‘‘greenhouse’’ effect. 
(2) But the size and sign of the temperature 
change depend crucially on the ratio of the 
optical thicknesses (in the visible and the 
IR), and thus not only on the total amount 
but also on the size distribution of the 
particulates, especially on their detailed 
optical properties. The particle size 
distribution would be modified by agglo- 
meration which is most important initially, 
when the smoke, soot and ash clouds are 
dense. For the same initial mass, the 
coalescence of smaller into larger particles 
will increase optical depth in the IR and 
decrease it in the visible. 
43) The conflagration would probably 
generate a variety of complex gaseous 
combustion products with absorption 
bands throughout the IR region. 
(4). Water droplet clouds (located below 
the hypothetical particle layer) would trap 








and re-emit IR radiation emanating from 
the land surface below. 

(5) About the generation of water vapour 
there can be no doubt, although the 
phenomenon was not considered by Turco 
etal, 

The combustion of dry mass must 
generate a corresponding mass of water 
vapour, since (CH,) is oxidized to form 
H,O. A total dry mass of 2.2 x 10" kg (see 
ref. 3) must lead to ~ 2.5 x 10' kg of 
water vapour. The amount of water 
vapourized by the nuclear explosion itself is 
small: the energy of a 1 Mtonne explosion 
(~4 x 10" J), if converted at the rate of 
l per cent, would lead to 1.6 x 10’ kg of 
H,O. Quite important, however, is the 
conversion of the energy released in the 
combustion: (2.2 x 10° kg of dry mass) 
(14 x 108 J kg") = 3 x 10% J. A 25 per 
cent conversion would generate another 
2.5 x 10%kg of H:O. 

If the fire spread over an area of ~ 106 

km?, (ref. 3), it would produce from 2.5 to 
5 g cm~ of water vapour (2.5 to 5 cm at 
STP), adding substantially to the normal 
water content of the atmosphere of about 
2.5 g em. Such a large release of water 
vapour is possible, depending on the state 
of the forest, soil moisture, existence of 
streams and lakes, etc. In forest fires steam 
is produced copiously, as well as clouds, 
making it difficult to spot them from IR 
detectors on weather satellites4 >. 
Eventually the water vapour will spread 
over a larger area, making it less effective as 
an IR absorber. 
(6) Another neglected heat source, 
warming the Earth’s surface, is the 
combustion energy of the very materials 
that contribute to the smoke and soot. The 
oxidation of wood releases 14 x 10°Jkg~', 
and 1 kg m~ daily corresponds to nearly 
200 W m ~? — the average amount of solar 
energy at a cloudless low-latitude location. 
A smouldering combustion of only 1 ounce 
of material per square foot per day would 
generate about 50 W m~, many times the 
minimum solar energy (8 Wm ™) calculated 
by Turco et al. for their baseline case. This 
would be sufficient to keep the surface 
temperature from falling too low. 

Thus surface temperatures are unlikely 
to fall very low. They could even increase if 
particle size distribution, water clouds and 
combustion gases are such as to throttle the 
loss of heat radiation from the surface. 
Most probably, temperatures will decrease 
by a few degrees (rather than tens of 
degrees). 

I now turn to a discussion of the lifetime 
of particulates in the atmosphere. 

(i) The one-dimensional model of Turco et 


al. cannot capture mesoscale effects in the 











Plastics an r Toenn 
atmosphere. Nor, unfortunately, can:the 
global three-dimensional models of Covey. 
et al.; their resolution is too coarse. Yet 
mesoscale effects are likely to determine. 
the residence time of the smoke and soot. 
particles. Experience with mesoscal 
models® argues strongly against th 
existence of a stable layer in the atmospher 


where the solar energy is absorbed. On the. 
contrary, one would expect violent’ 
convective activity even if the layer were: 


initially uniform, leading to cumulus-type. 
formation, thunderstorms, rain squalls 
and accelerated cleansing of the 
atmosphere. 

(ii) Further convective activity (plus rain 
showers and atmospheric cleansing) comes 
from the strong temperature gradient at the 


ocean-land boundary. Again, the three- 
dimensional model cannot capture these. 
mesoscale effects, although the induced. 


monsoonal circulation is yet another factor 


which limits large temperature excursions- 


on the continents. 
(iii) With the residence time limited by 


mesoscale effects, it is proper to ask if there. 


is enough time to disperse the particulate: 





uniformly through the global atmosphere, 


or at least the Northern Hemisphere, as- 
explicitly assumed by Turco ef al. and 


Covey et al. The latter suggest that, th 


radiative heating of the particles may affect 


the atmospheric circulation so as to speed 
up their dispersion. This may well be the 


case; although in the absence of a fully. 
interactive, self-consistent calculation, one: 


cannot be sure how important the effect is 
Perhaps reasonably uniform dispersion 


can be achieved before rain-out cleanses. 


the atmosphere. More probably, one will 
see patchy clouds which thin out rapidly — 
hardly a cataclysmic nuclear winter. 


S. Fred Singer 
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COVEY AND CO-WORKERS REPLY — Dr 


Singer’s comments on the plausibility of 


3) 


“‘nuclear winter’’ deserve serious 
consideration, perhaps in more detail than 
limited space allows. 

We emphasize again that the work 
reported in our article! was designed to 
examine how a three-dimensional climate 


model would respond to a hypothetical .- 


war-generated smoke cloud similar to that 
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ed by Turco ef al. in one-dimensional 


imulations, As we said, there are many 
major. improvements to: be made in the 
climate modelling«alone-(not to mentian 
other components of the problem) before 
owe have a satisfactory simulation of the 
climatic effects of nuclear war aerosols. 
“While we agree with Singer that two 
crucial questions are indeed the intensity 
-and duration of surface cooling over land, 
the cooling need not be down to -40°C nor 
last for several weeks or more to produce 
devastating agricultural damage. 
<> When Singer uses the phrase “physical 
‘model’ of Turco ef al., we presume he 
means the column loading of smoke. The 
smoke loading is, as we state, taken from 
the scientifically ‘‘conservative’’ value 
“used by the US National Academy of 
“Sciences Committee on Atmospheric 
Effects of Nuclear Explosions as its 
baseline case, giving the absorption optical 
depth of smoke spread over 30° to 70°N as 
3. Other estimates? give an absorption 
-soptical depth nearly three times as great 
“óver the same area. 
< Contrary to Singer’s assertion, we do not 
simply ‘‘get a similar answer” to that of 
ref. 2, Our results are different, but readily 
understandable from the known differ- 
-ences between one- and three-dimensional 
-climate models. Due to ocean thermal 
“influences our land-surface cooling is, on 
the average, roughly half that of Turco er 
al., and land areas near coasts do not cool 
“nearly as much as in their model. However, 
in our calculations, continental interiors 
may cool by 40°C or more in July (similar 
to the land values of Turco et al.) but our 
land surfaces can cool more quickly, to 
“below freezing — even near coasts — in 
only a few days. This is a consequence of 
‘our resolution and of the separation of the 
“surface and lower atmospheric 
“temperature calculations, illustrating that 
< adding detail to the calculations will not 
necessarily make the problem less severe. 
(1) It.is not clear what Singer is saying 
“when he discusses the surface energy 
-balance and the computation of surface 
temperature. It is sufficient to say that all 
surface energy fluxes are explicitly 
computed and balanced in our model. Any 
\ jnitial arguments concerning the sign of the 
temperature change at the surface resulting 
from the radiative effects of widespread 
persistent high-altitude smoke clouds have 
now been resolved in favour of cooling. 
The lack of significant compensating 
greenhouse warming from the IR emission 
of high-altitude nuclear smoke is borne out 
by detailed radiative transfer calculations, 
by Turco eral. and others, based on typical 
observed smoke aerosol properties. 
This conclusion is quite robust. 
Extensive sensitivity tests? show that 
“substantial greenhouse compensation 
<requires smoke loadings about two orders 
of magnitude greater than any so far pos- 
“tulated — but even in this extreme case, the 
surface temperature cannot exceed the 




















effective radiating temperature of the- 


atmosphere, T, { % ; 
downward solar flux at the top te the 
atmosphere and o is the Stefan-Boltzmann 


constant. T, is generally much less than 
normal surface temperature, which comes 
about because, by radiative/convective 
processes, substantial amounts of solar 
energy are absorbed at an altitude below 
that at which IR radiation is effectively 
emitted to space. Because the solar 
absorption coefficient for smoke aerosols 
is about an order of magnitude greater than 
the IR absorption coefficient’, and 
because nuclear smoke clouds would 
probably have their tops in the mid to 
upper troposphere, the effective altitude of 
solar absorption would be above the 
effective height of IR emission. This, in 
essence, is why the radiative/convective 
calculations yield little compensating 
greenhouse warming from nuclear smoke. 

(2) Singer mentions the importance of 
smoke particle coagulation in the early 
dense smoke plumes, which we did discuss. 
Solar absorption optical depths for widely- 
spread smoke might eventually be reduced 
by a factor of ~ 2 if initial smoke particles, 
of radius 0.1 um and smaller, coagulate to 
form 0.2 um to 0.3 wm size particles. But for 
plausible amounts and distributions of 
smoke, the IR optical depth is not large 
enough for a significant ameliorating effect 
on surface temperature. 

(3) Of course, ‘‘greenhouse’’ gases such as 
CHa, C,H, and CO, will be generated by 
fires, but estimates of the amounts released 
are much too small for them to be capable 
of providing a substantial surface tempera- 
ture compensating effect (J.T. Kiehl and 
J.W. Birks, personal communication). 

(4) Singer is correct in noting that water 
clouds can have a large greenhouse effect. 
This effect was included in our model, 
though we cannot be certain that our — or 
anyone’s — calculations can satisfactorily 
simulate what might actually happen to 
cloud cover, particularly near the surface. 

(5) Singer’s discussion of water vapour 
generated in burning areas is plausible, but 
must be reduced by two orders of magni- 
tude when the water vapour is spread over a 
substantial fraction of a hemisphere. (We 
note that Singer does not mention one of 
the largest uncertainties in the ‘‘nuclear 
winter” scenario: the question of how 
much smoke from large fires will remain in 
the atmosphere after precipitation 
scavenging in cumulus clouds associated 
with the fires.) 

(6) Singer’s estimates of energy released in 
the fires are reasonable, but again the 
climatic impact is small when the effect is 
spread over a substantial fraction of a 
hemisphere. The total amount of energy 
released in fires from a large-scale nuclear 
war could be ~ 3 x 10°” J which, if 
released over two days and spread 
uniformly by winds over the entire land 
area between 30° and 70°N, would yield a 
power of ~ 30 W m~. The heat available 
from smouldering fires would be of the 
order of 1 W m~“, much less than. the 





ye 
Wr m` 2 so thar: on the average, the heat 
released from fires would do little to keep. 
the land surface“from cooling although 
areas near fires could receive significant 
heating as long as fires burned. 

For all these reasons, we believe there is 
no sound basis for concluding that surface 
temperatures ‘‘are unlikely to fall very 
low”, Certainly Singer has not offered 
quantitative grounds for preferring a 
decrease of ‘‘a few degrees’’ over ‘‘tens of 
degrees” 

On the duration of the effects of nuclear 
winter we have the following comments: 
(i) Mesoscale effects will be important in 
determining the removal of smoke from 
the atmosphere!. Intuitively, one might 
expect enhanced moist convective activity 
around smoke clouds to increase the 
removal rate of the particles, but it is not 
yet: possible explicitly to calculate the 
effects ofldense smoke clouds on mesoscale 
circulations. In our model, the top of the 
smoke was the location of intense dry 
convective activity (as approximated by the 
model). Low relative humidity in the 
heated smoke prevented condensation. 

(ii) Heat transport from ocean to land, as 
we stated, is indeed the reason why our 
predicted average temperature decrease is 
approximately half that of Turco et al. 
Gii) Like Singer, we expressed concern 
about the global spread of smoke. But 
Singer does not pursue the importance of 
the height of the initial smoke plumes in 
determining the rate of removal of smoke 
from the atmosphere. If smoke is initially 
injected above most of the water vapour in 
the atmosphere (above 3 km) its lifetime 
will be much longer than if it is placed near 
the surface, where it can be more easily 
washed out. 

The significance of patchy smoke clouds 
was discussed prominently in our article. It 
is not yet possible to make meaningful 
probability statements such as that it is 
“likely”? that the patchy smoke clouds 
would thin out rapidly. Indeed, historical 
observations of some larg fires * show that 
substantial amounts of smoke can travel 
intercontinental distances in several days, 
But nothing has yet been found to under- 
mine the plausibility of the notion that the 
smoke aerosols generated by a large-scale 
nuclear war could have lifetimes in the 
atmosphere of the order of weeks. 

Starley L. Thompson’, 
Stephen H. Schneider & Curt Covey 
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Hunting for the missing mass 


Neutrinos now seem to be poor candidates to supply the mass to close the Universe. Cosmologists 
should now deal with an observation suggesting that the problem of the missing mass is illusory. 


THE cosmologists’ hunt for what they call 
the missing mass is not just an hilarious 
entertainment mounted for the benefit of 
ordinary people. The underlying issue is 
whether the visible mass of the Universe, 
including that of the stars that constitute 
the galaxies, is substantially all there is. If 
so, the average density of the Universe is 
roughly 10°! g cm”, rather less than 10 per 
cent of the critical density needed to 
decelerate the expansion to zero —to bring 
it to a halt. Those who search for missing 
mass are therefore looking for some means 
of equipping the Universe with perhaps ten 
“times as much matter’ as can now be seen. 
Whatever it is, it cannot by definition 
radiate, and must be in other ways 
. inconspicuous. 

The particular contribution of P. Hut 
and S.D.M. White ( p.637, this issue) is 
their judicious examination of whether 
neutrinos (and antineutrinos) will fill the 
bill. The conclusion is that, with the 
... constraints of particle physics on the one 

` hand and of cosmology on the other, two 

of the three known species of neutrinos 
mustcarry mass and that the heavier of 
them, atleast, must be radioactive. There 
are two ways of regarding this result. 
Optimists will take it as.a prediction to be 
confirmed. Pessimists, likely to be the vast 
majority, will take it as a sign that the 
missing mass, whatever it is, does not 
consist of neutrinos. 

But why. take all this trouble? Why now 
further strain credulity by asking whether 
the missing mass may be made of axions, or 
photinos, whose very existence remains to 
be demonstrated? Would it not be simpler 
if cosmologists abandoned their general 
belief that there is missing mass, recon- 
ciling themselves instead to the notion that 
the Universe will go on expanding and 
the galaxies receding from each other 
indefinitely? 

The trouble, as Dennis Sciama said in a 
Royal Society lecture last year, is that the 
problem of the missing mass ‘‘will not go 
away” (Proc. R. Soc. A 394, 1-17; 1984). 
Hut and White say that the roots of the 
problem are in part ‘‘philosophical’’ — 
and do not by that imply that they have a 
prejudice about the kind of Universe in 
which they would prefer to live. Put 
simply, their point is thidt the near-coin- 
cidence between the density of the Universe 
and. the critical density that would be 
needed to close it, and which differs merely 
o obyan order of magnitude, cannot be a 
-Chancee.coincidence. 












Sciama points out that the coincidence is 
even more startling than it seems. Dis- 
erepancies between the density of the 
Universe and the critical density can only 
grow with the passage of time. So if the dif- 
ference now is represented by a factor of 
ten, it must have been quite minuscule at 
the very early stages in.the evolution of the 
Universe. So (simplifying a little), near- 
equality of the density and thé critical 
density must be a feature of the system. 

This provides post hoc support. for the 
fashionable notion of the ‘‘inflationary 
universe’’, most simply regarded as 
evolution in two distinct phases, in the first 
of which the full menagerie of material 
particles allowed by some correct Grand 
Unified Theory are transformed into each 
other, creating matter at such a rate that 
the density stays critical. Affectionately, 
Sciama notes the similarity between this 
state of affairs and Hoyle’s steady-state 


universe of more than thirty years ago. This - 


picture has the advantage also of explain- 
ing why the microwave background 
radiation is isotropic to within one part in 
1,000. And it makes the search for missing 
mass respectable. 

There are also observations which have 
that effect, broadly speaking of two kinds. 
First, it is known from observations of 
spiral galaxies that individual stars appear 
to experience gravitational forces greater 
than can be accounted for by the masses of 
other visible stars as well as gas and dust 
clouds. Even the motion of the Solar 
System perpendicular to the plane of the 
Galaxy seems to be governed by a gravita- 
tional force twice as great as that inferred 
from the known distribution of massive 
objects. And the in-plane velocities of stars 
in other spiral galaxies do not decrease with 
distance from the centre as quickly as 
expected, supporting the idea that spiral 
galaxies have massive haloes. The most 
recent but perhaps most persuasive 
evidence that there is missing mass on a 
substantial scale comes from the behaviour 
of clusters of galaxies, which appear 
uniformly to be more tightly bound gravi- 
tationally than the sizes of their members 
would suggest. So the hunt has seemed a 
hunt for something real. 

What, then, will the mass-hunters make 
of the results of a discordant investigation 
just published. (Tyson, J.A., Valdes, F., 
Jarvis, J.F., & Mills, A.P., Astrophys. J. 
Lett, 281, 59; 1984)? The design of this 
gigantic computer exercise (at Bell 
Laboratories). is based on the expectation 



















































Chemical Technology 
Phases and Rubber Technolog 


that light from.a distant galaxy should bi 
affected by the gravitational field. 
galaxies standing closer along the line 
sight, with the result that, in general; 
apparent shape of a distant galaxy shoul 
be distorted by those lying in. th 
foreground. Tyson and his colleagues havi 
worked with the images of galaxies on 
series of 35 plates exposed at the prir 
focus of the 4m telescope at Kitt Peak, an 
containing altogether more than 200,000 
images. of galaxies, down to the 241 
magnitude. = 
The procedureis to separate the galax: 
into two groups, consisting of more anc 
less distant objects, and then to select. pai 
of galaxies (separated by less than a minut 
of arc), of which there were nearly 28,000 
The effect of foreground galaxies on th 
shapes. of distant objects is assessed by th 
computation of a combination of th 
second moments about the centroid of an 
image. Obviously the interpretation of t 
data must boil. down to looking fo: 
significantly systematic departures from 
circularity or ellipticity along the vector t 
the putatively deflecting star. ._Becaus 
many of the distant images will be only 
few pixels across, only large numbers. 
ensure a meaningful result. : 
For the mass-hunters, the outcome i 
disconcerting. Distant galaxies in pair 
separated by more than 10 seconds of-ar 
are undistorted, but smaller angulai 
separations bring misshapen images of the 
more distant galaxies. Tyson ahd hi 
colleagues say that their estimates (of thi 
mass of the nearer galaxy) would have tob 
in error by two or three standard deviation 
to be consistent with the larger estimates o 
mass produced by other methods. Th 
best estimate of the density of the Univers 
is a mere three per cent of the critical 
density (with a two standard deviatio 
chanice that the two densities are the same) 
What is to be made of this unexpecte 
challenge? First, more analysis (which: 
Tyson et al. promise) is needed; obviously. 
the technique itself is full of promise 
Tyson and his colleagues, in explanation o 
the conflict with measurements suggesting. 
there is lots of missing mass, say that 
hitherto, people have concentrated on the- 
brighter galaxies. Not all those who hunt 
for missing mass are dismayed by what has: 
happened. One well-known practitioner is 
attracted by the possibility that the Tyson. 
result is correct, relishing the idea that “‘it’s 
telling us something about gravity we. 
didn’t know before”. John Maddog | 





from Rob Newbold 


“Ac SIGNIFICANT proportion of human 


umour cell lines and chemically-induced 
rodent tumours contain activated ras genes 
apable of inducing morphological and 
umorigenic transformation when 

troduced into preneoplastic immortal 


cell lines by DNA-mediated gene transfer. 


In<all cases so far examined, activation 


depends on a point mutation in either 


codon 12 or codon 61 of the normal ras 
gene, resulting in a single amino acid 


‘substitution in the ras protein it encodes. 


‘he protein products of all three members 
of the ras gene family (designated Harvey-, 
Kirsten- and N-ras on the basis of 


homology with the two sarcoma virus 
oncogenes and the prototype SK-N-SH 
neuroblastoma oncogene respectively) are 


immunologically related and, having a 
molecular weight of approximately 21,000, 
are known as p21 proteins. Little is known 

bout the function of normal p21 ras or 
about the way in which either of the specific 
amino acid substitutions generates proteins 

ith such powerful transforming proper- 
ties. What is certain is that the intracellular 


lecation of both normal and activated p21 


ras is at the inner face of the plasma 
membrane. This fact has led to a general 
feeling that the proteins could play a major 
art in transducing signals from growth 
tors acting at the cell surface to the rest 
of the cell, and that this function might 
mehow be disturbed in the mutant 


transforming protein. A paper in this issue 


f Nature provides the first evidence of a 
iochemical difference between normal 
nd activated ras proteins which could be 
irectly relevant to the transforming ability 
f the latter'. 
Until now, the only known biochemical 
activity of p21 ras proteins was their 
pacity to bind a single guanine nucleotide 
GTP or GDP) with high affinity. 
Ithough the site of nucleotide binding has 
ot been unequivocally determined, those 
pions involved in the activation of p21 ras 
é implicated since they share sequence 








similarity with the nucleotide-binding sites 
of analogous proteins*3. Furthermore, 
Harvey and Kirsten sarcoma Virus p21s are 
known to phosphorylate their own 
threonine residue at position 59, which is 
close to the activation site at position 61. 
Clearly, though, the guanine nucleotide- 
binding activity of the p21 proteins is not 
directly involved in activation as neither the 
extent nor the specificity of binding seems 
to be altered by mutations that confer 
transforming activity*. 

Arthur Levinson and his colleagues at 
Genentech have therefore undertaken a 
more rigorous characterization of normal 
and activated p21 ras proteins with the aim 
of uncovering any vital differences that 
could account for the latter’s transforming 
potential; their results! are reported on 
page 644. In order to produce enough 
material for their study, the Genentech 
group constructed plasmids containing 
wild-type or mutant (codon 12) human Ha- 
ras CDNAs under the control of the trp 
promoter such that the genes were 
efficiently expressed in Escherichia coli. 
Inspired by the fact that other known 
purine nucleotide-binding proteins possess 
the ability to catalyse the removal of the 
terminal phosphate group from nucleotide 
phosphates, McGrath ef al. have looked 
for similar activity in p21 ras by examining 
the capacity of E. coli extracts containing 
p21 to hydrolyse GTP to GDP, Their 
exciting discovery is that while normal p21 
ras has a GTPase activity, this function is 
grossly impaired in the oncogenic protein. 
This finding is confirmed in another paper* 
shortly to appear in Nature. Thus, a 
substantial difference between wild-type 
and activated p21 ras has finally emerged, 
and it prompts speculation as to how the 
proteins function in normal and trans- 
formed cells. 

Two other recent studies provide further 
insight into ras proto-oncogene activation. 
Fasano ef al. have looked for novel 
activating mutations in p21 protein. This 
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Signal transmission from cell- ia receptor to adenylate cyclase through G-protein. The activated 
ffector) GTP-bound form of G-protein, Gg: GTP, which activates adenyl cyclase, is converted to 
€ inactive form, Gp:GDP, by GTPase. ras protein is hypothesized to act like G-protein. 











‘was done by performing random 


mutagenesis of a cloned wild-type Ha-ras E 
gene using sodium bisulphite, and testing 
the mutants for transforming activity in 
NIH 3T3 cells. DNA sequencing of the 
transforming mutants revealed three new 
targets for activation (13, 59 and 63) 
flanking codons 12 and 61. Interestingly, 
this means that the viral ras proteins, v-Ha- 
ras and v-Ki-ras, have two activating 
missense mutations as they have a 
threonine substitution at residue 59 in 
addition to a substitution at position 12. 
But Fasano et al. go on to show, using 
chimaeric plasmids, that the second 
mutation does not enhance transforming 
efficiency. What is not clear is why ras 
oncogenes with mutations other than in 
codons 12 and 61 have not yet been 
detected in tumour cells, although, as the 
authors point out, all mutants capable of 
altering the morphology of NIH 3T3 cells 
may not be equally effective at inducing 
malignant transformation. 

The concept of qualitative differences in 
the transforming potential of mutant ras 
proteins finds further support in a second 
paper from Levinson’s group’, shortly to 
be published in Nature. In this study, 
human Ha-ras mutants were constructed 
which specified all 20 possible amino acids 
at position 12 of p21. Seeburg et al. find 
that with the exception of proline, every 
substitution for glycine generates a protein 
capable of morphologically transforming 
Rat 1 cells. The degree of transformation 
induced by each of the mutants is highly 
variable, however, leading the authors to 
propose that in using this type of transform- 
ation assay we may so far have underesti- 
mated the proportion of tumours 
containing activated ras genes. The next 
step will be to see which mutations affect 
the GTPase activity of p21 ras. 

What is the significance of the new find- 
ings about p21 ras function and activation? 
The key observation is the similarity 
between p21 ras and the guanine nucleo- 
tide-binding proteins (termed G- or 
N-proteins) which are responsible for 
stimulation and inhibition of adenylate 
cyclase following the attachment of poly- 
peptide hormones to specific cell-surface 
receptors (ref. 8 and see the figure). In 
addition to possessing a high-affinity 
guanine nucleotide-binding site, the 
G-proteins share sequence similarities 
with p21 ras and also have GTPase activity 
which regulates their function. In the case 
of the stimulatory arm of the adenylate 
cyclase system, binding of the relevant 
hormone to its receptor promotes 
conversion of the inactive GDP form of the 
G-protein into the GTP state which in turn 
activates the cyclase. Thereafter, increased 
production of cyclic AMP (the second 
messenger) stimulates a cyclic AMP- 
dependent protein kinase which carries out 
specific regulatory phosphorylations that 
determine the response of the cell. The 
G-protein signal is cancelled by slow . 
hydrolysis of GTP to GDP, mediated by | 
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the GTPase. G-proteins consist of three 
subunits and it is thought that GTP- 
binding promotes their reversible 
dissociation, releasing the large a-subunit 
which acts as the effector. 

The new papers contain confir- 
mation of the earlier observation? that 
‘amino acid substitutions in p21 ras trans- 
forming proteins result in altered electro- 
phoretic mobility on SDS-PAGE gels, 
suggesting gross conformational changes. 
Furthermore, it has been proposed on the 
basis of computer modelling! that these 
mutant forms of p21 ras would be more 
conformationally restricted than the wild- 

“type protein. If p21 ras does act as a signal 
transducer in a similar fashion to the 
G-proteins, then it is easy to see how loss of 
GTPase activity and/or a more rigid 
conformation could result in a permanent 
signal in the absence of the ligand. In facta 
remarkably analogous situation occurs in 
the adenylate cyclase system when cells are 
exposed to cholera toxin. In this case, part 
of the toxin ADP-ribosylates a specific site 
on the G-protein, inhibiting its GTPase 

“activity and thereby fixing it in the GTP- 

“form. The abnormally high levels of 
intracellular cyclic AMP which result are 
responsible for the devastating effects that 

- cholera toxin has on active transport 
systems in the intestinal mucosa. By the 

“gáme mechanism, cholera toxin also exerts 
a strong proliferative stimulus on certain 
mamimalian cells in culture. 

Although speculation about specific 
membrane-bound effector systems invol- 
ving-ras proteins is probably premature, a 
functional link does appear to exist 
between p21 ras and receptor systems 
stimulated by epidermal growth factor 
(EGF) and insulin, as both growth factors 
have been found to enhance guanine 
nucleotide binding by ras proteins in 
isolated membranes!'!. It should be noted, 
though, that the EGF receptor probably 
does not rely on G-like proteins for signal 
transduction (at least for activation of its 
tyrosine-specific protein kinase) since 
binding, transducing and catalytic 
activities are contained in a single polypep- 
tide. Nonetheless, it is becoming increas- 
ingly likely that transforming ras proteins 
will turn out to function by subverting 
growth factor controls on cell prolifer- 
ation. However the crucial question 

» concerning when and to what extent such 

relaxation of cell-cycle controls contributes 
to the complex multistage process of 


pe 


carcinogenesis remains unresolved. EJ 
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Cell biology 
Multiple controls for secretion? 


from Peter F. Baker 


Every student knows that secretion re- 
quires calcium, especially when the 
substances to be secreted — neurotrans- 
mitters, hormones or enzymes — are 
packaged within intracellular vesicles, the 
contents of which are. released by exo- 
cytosis. So it may seem surprising to find a 
trickle, rapidly becoming a spate, of 
papers, including one by di Virgilio, Lew 
and Pozzan on page 691 of this issue of 
Nature, questioning the primacy of 
calcium in secre ory control”, These have 
been triggered by two kinds of experiment: 
direct measurement using the fluorescent 
dye Quin 2 of intracellular free Ca during 
secretion — something that had hitherto 
been possible only in a few large cells — and 
the discovery that exposure of cells to cer- 
tain phorbol esters can evoke exocytosis 
apparently with little or no change in intra- 
cellular free calcium. 

Quin 2 has revealed a variety of calcium 
responses to secretory stimuli. One side of 
the coin is represented by adrenal 
medullary cells? and mast cells® which 
show a large rise in free Ca in response to 
secretagogues much as aequorin revealed a 
large change in ionized Ca following elec- 
trical stimulation of the squid giant axon 
synapse. The other by the platelet which ex- 
hibits a rise in Ca to. some stimuli but little 
or no change in response to other equally 
effective secretagogues*. Furthermore, 
treatment of platelets and a variety of other 
secretory cells with the phorbol ester, 
12-O-tetradecanoylphorbol 13-acetate 
(TPA), tends to promote exocytosis often 
without detectable change in free calcium. 
Almost without exception, after pretreat- 
ment with phorbol ester, subsequent ex- 
posure to low concentrations of a calcium 
ionophore reveals that the secretory system 
has been sensitized to low concentrations 
of calcium. 

The experiments with phorbol esters of- 
fer a clue to mechanism. Phorbol esters 
have been shown to substitute for 
diacylglycerol in the activation of the en- 
zyme protein kinase C? and this enzyme is 
the only phorbol receptor so far ident- 
ified!°. It follows that the enzyme may be 
involved in the control of exocytosis, a sug- 
gestion that is supported by the close 
quantitative parallel between those phor- 
bol esters that activate protein kinase C and 
the activation of secretion. If phorbol 
esters can evoke exocytosis, presumably 
the endogenous compound diacylglycerol 
for which they substitute can do so also and 
secretagogues which effect exocytosis with 
minimal change in ionized Ca may act to 
promote phospholipid breakdown, 
thereby raising the local concentration of 
diacylglycerol near the C-kinase. 


The key question from the viewpoint of 








secretory control is whether phorbol ester- 
induced secretion reflects activation of a 
parallel pathway completely independen 

of that used by calcium. Although some: 
authors have made such assertions, their, 
claims may be premature. There seem to b 
at least three very distinct possibilities: ( 

that Ca and phorbol esters act to promot 
exocytosis by two quite separate and in 
dependent systems; (2) that secretion re 
quires Ca and the sensitivity of this reactio 
can be modified by protein kinase C; ani 
(3) that the actions of both Ca and phorbo 











` esters are channelled through protei 


kinase C. Only the first possibility provide 
for two truly separate pathways. The other 
two utilize protein kinase C either asa 
modulator of a basic Ca-dependent process. 
or as a final common pathway for secretory 
control. 

Assessment of these possibilities relies 
heavily on the properties of protein kinase. 
C and here much still remains to be done: 
For instance, can characteristics determin- 
ed in the chaos of the test tube, where full 
activation requires Ca, diacylglycerol and 
phospholipid, be extrapolated to the highly 
structured intracellular environment 
Even the physiological substrates of the 
kinase are largely unknown, making i 
vitro studies, at best, those of a mode 
system. Does the enzyme activity disappea! 
completely in the presence of a strong Ca. 
chelating agent? Or can it still phos- 
phorylate some substrates. under such con- 
ditions? Only more experiments will tell. 

Because of the uncertainties surround: 
ing the in situ biochemistry of C-kinase, 
another approach to the analysis ‘of 
secretory control seems desirable. A rather 
direct approach is possible with electrically 
permeabilized secretory cells!'!. In these 
preparations the intracellular free Ca can 
be controlled and the dependence of secre- 
tion on intracellular free Ca determined 
directly. Activation is normally half- 
maximal at about 1 uM Ca. In all the cell 
types so far examined, adrenal medullary 
cells!?, platelets!3 and exocrine pancreas!*, 
exposure to phorbol esters sensitizes secre- 
tion to Ca by promoting a leftward shift — 
by up to one log unit — of the intracellular 
Ca activation curve; but in all cases phor-.: 
bol esters are ineffective at very low buf- 
fered levels of calcium. The leftward shift © 
in permeable platelets seems quantitatively’, 
large enough to account for activation of 
secretion by phorbol esters in intact cells 
where Ca does not change. These findings 
are more compatible with possibilities (2). 
and (3) than with possibility (1). l 

Nevertheless, not all the observed effects 
of phorbol esters on secretion may be ex- 
plicable in this way. Only experiments ob 
the:kind described above on permeabilize 





are. already ‘examples where the leftward 
shift will have to be very large to accom- 
emodate the observed findings. For in- 
stance, di Virgilio, Lew and Pozzan! report 
v that phorbol esters can promote secretion 
from neutrophils at an ionized Ca concen- 
tration of 10nM. This would require a big- 
ger shift in sensitivity than has so far been 
observed in ‘leaky’ cells; only determina- 
- tion of the properties of C-kinase in 
neutrophils can substantiate or refute the 
authors claim for a completely Ca- 
independent mechanism. 
Although this particular case must be 
considered non-proven, secretion — like 
contraction — seems likely to involve 
multiple controls. Apart from the release 
of stored products, membrane fusion plays 
a central role in the control of membrane 
“turnover and the nature of the signals in- 
volved in directing membrane traffic are 
obscure. Even within the limited area of exo- 
< eytotic secretion there are tissues that ap- 
pear to secrete in response to a fall in ioniz- 
sed calcium. In one of these, the para- 
~ thyroid, such changes have been very clear- 
ely documented by Quin 2 (ref.15) and there 
zis strong circumstantial evidence pointing 


cells can permit a clear answer; but there , 


to something similar in the contro! of renin 
release'®. Whether such findings 
necessitate something quite different in the 
way of secretory control or can be accom- 
modated within more conventional 
systems — perhaps by inclusion of a Ca- 
dependent inhibitory control —- are mat- 
ters for future experiments to resolve. (© 
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Climatology 


Clues from sea-surface records 


` from Joseph O. Fletcher 


“THE paper by Folland, Parker and Kates in 
this issue of Nature (page 670) gives 
important new insights into the behaviour 
of the global climate system. Their records 
show that globally averaged sea-surface 

“temperature not only underwent a large 

-fluctuation over the last century but that 
the large changes — cooling about 1900 

and warming in the 1930s — were sudden 
rather than gradual. 

The rapid change found in historic sea- 
surface records is good news for 
investigators of climate variability because 
the existence of large and abrupt ‘climate 
signals’ simplifies the strategy for 
investigation. Instead of groping in 
Statistics to extract signal from noise, 
reseachers can focus on the large signals 
and ask questions aimed at revealing the 
dynamics of climate variability on that time 
scale. Where does the signal appear first? 
How does it spread? What is the sequence 
of its evolution? Is the signal apparent in 
other geophysical fields such as surface 

wind and surface pressure? If so, do the 
_ changes in the various fields relate to one 
another in physically consistant ways? 

“What do the trends tell us about possible 

< causes and influential mechanisms? 

- The. sea-surface record offers the best 
opportunity for delineating the dynamical 

_ behaviour of the global system over the last 
century — and it is a remarkably good 
gecord. Thanks to international agree- 


ments and standardized procedures 





adopted in 1853 (Whipple, A. 
Smithsonian, 171; March 1984), about 100 
million observations have been taken by 
ships over the last 130 years. The quantities 
recorded include sea-surface temperature, 
wind direction and speed, atmospheric 
pressure and temperature, sea state and 
cloudiness. Comparisons between the 
fields offer additional dimensions for 
judging the validity of signals reflected in 
individual fields. 

The data are unevenly distributed in time 
and space with large gaps in the early years. 
About half of the total observations were 
made in the Atlantic, which is the most 
fully surveyed ocean area. The Pacific is 
the least covered, with especially large gaps 
in the data for early decades. By contrast, 
the record is excellent in the belt of 
westerlies in the Indian Ocean and South 
Atlantic. Because the sailing route, during 
the last century, from Europe to the Indies 
and the Orient was typically south from 
Europe to the Southern Hemisphere 
westerly belt near Argentina and then east, 
coverage in this region was as good in the 
1850s to 1870s as a century later. As a 
result, changes in sea-surface temperature 
and global surface wind field are well 
delineated since 1854. 

The most striking feature of the global 
ocean-surface temperature record is the 
sharp cooling shortly after 1900. Folland et 
al: point out many possible sources of 
unreliability of the data, however,.and 

























some investigators’ believe that these 
problems may be so. serious that only the 
secular changes recorded on a few heavily 
travelled ship routes may be genuine 
(Ramage, C.S. J. Climate appi. Meteor. 
23; Feb 1984, and Barnett, T.P. Mon. 
Weath. Rev. 112 (2); Feb 1984). If real, the 
change near 1900 suggests that a sharp 
adjustment of the global system occurred, 
one which should be reflected in other 
independently observed geophysical fields 
such as surface wind and surface pressure. 
The combined record of all the surface 
fields can be viewed with greater 
confidence than one field alone. The 
pressure field must relate to the wind field, 
and in regions of strong sea-surface temp- 
erature gradients the wind field relates to 
sea-surface temperature anomalies. 

Indeed, the record of the surface wind 
field does reveal adjustments of the global 
ocean ~ atmosphere system around 1900 
and in the 1930s. Changes in the wind field 
during the 1900 adjustment of the global 
circulation have been partially described 
(Fletcher, J.O. & Fu, C. Proc. 7th Climate 
Diagnostics Workshop, US Dept of 
Commerce, NOAA; Oct 1983). They 
include a decrease in the vigour of the 
surface wind field over most of the ocean 
domain, with the most abrupt change in the 
Asian sector of the Southern Hemisphere 
westerlies, and an abrupt adjustment of the 
seasonal position of the tropical 
convergence in the far western tropical 
Pacific. Indirect evidence for an 
adjustment of the large-scale atmospheric 
circulation in the Indian Ocean around 
1900 is also found in the African record, as 
a sharp decrease in rainfall feeding the Nile 
River (Riehl, H. & Meiten, J. Science 206, 
1178; 1979), and on the Antarctic side, asa 
sudden warming at Mizuho station, sig- 
nalled by oxygen isotope ratios in ice cores 
(Kato, K. in Ice Caring Project at Mizuho 
Station, ed. Kusunaki, K., 165, National 
Institute of Polar Research, Tokyo; 1978). 
The implications of the sea-surface 
temperature record should not, therefore, 
be dismissed. 

The global marine surface data set con- 
tains the most detailed record we will ever 
have of the dynamics of the global climate 
system over the last century and more. 
During this period several sharp adjust- 
ments seem to have occurred. What 
remains to be done nowis to delineate more 
fully the spatial and temporal character- | 
istics of these adjustments and to glean 
from them clues to the nature and causes of 
global climate change. With the aid of 
recent work on sea-surface fields, 
radiosonde coverage since about 1950, | 
satellite observations since about 1970 and, | 
more recently, three-dimensional 
modelling of the behaviour of the 
atmosphere, the implications of the long 
historical record should come clear. oO 









Joseph O. Fletcher is Assistant Administrator 
for Research in the National Oceanic and 
Atmospheric Administration, Washington, DC ` 
20852. a 







"Mineralogy 


from Geoffrey D. Price 


DESPITE its chemical simplicity, silicon 
dioxide (silica) exhibits a complex array of 
structural and material behaviour. In 
geology, SiO, has been widely studied 
because, as quartz, it is one of the most 
abundant minerals in the Earth’s crust. 
Silica is equally important industrially, 
being used in the form of ceramics, 
gemstones, molecular sieves, oscillators, 
piezoelectric crystals and glass. Further- 
more, recent reports on various forms of 
SiO, show that its study can still provide 
new insights into other diverse fields of 
research, ranging from the theory of solid- 
state transformations to the extinction of 
the dinosaurs. 
Silica can adopt many. crystalline struc- 
titres, or polymorphs, the more important 
=< of which include a- and B-quartz, 
 tridymite, cristobalite, coesite and 
_ °stishovite. Each of these phases has a well 
defined field of thermodynamic stability, 
a-quartz being stable under ambient 
conditions, while B-quartz, tridymite and 
cristobalite become stable with increasing 
temperature. Coesite and stishovite are 
stable only at high pressures. All these 
. polymorphs have quite distinct structures, 
although the phases stable at lower 
pressures are all built from SiO, 
tetrahedra, which are linked at each of their 
corners. with another tetrahedron, thus 
forming .a three-dimensional framework. 
Only in stishovite is a:more dense packing 
of atoms observed, with silicon in 6-fold 
coordinated sites. The properties of a 
hypothetical SiO, polymorph, having a 
density even greater than that of stishovite 
and silicon in 8-fold coordinated sites, have 
recently been investigated theoretically by 
Carlson et al. (Geophys. Res. Lett. 11, 617; 
1984). It has been suggested that such a 
polymorph may occur at depth within 
the Earth’s mantle or core, although Carl- 
son et al.’s calculations do not support this. 
The transformations between silica 
polymorphs, which involve the breaking of 
Si-O bonds, are invariably sluggish 
because of the relatively large amount of 
energy required to reconstruct the silica 
framework. The slow transformation 
kinetics allow the development of a large 
number of metastable phases such as 
glasses, the various forms of opal, 
crystalline polymorphs such as melano- 
phlogite and silicalite, a zeolite-related 
hydrophobic molecular sieve (see Price, 
G.D. et al. Nature 292, 818; 1981). 
_ Furthermore, once formed, high- 
~ temperature or high-pressure polymorphs 


-can exist metastably outside their stability 


~ fields, even on the geological time scale. At 

lower temperatures, the metastable phases 
7 frequently undergo displacive phase 
anstormations, j in which their structures 















The riches of silica revealed 


become slightly distorted, thus adding to 
the complexity of silica phase relations. 

It is a displacive phase transformation 
that relates the thermodynamically stable 
a- and B-quartz polymorphs. Until 
quite recently, this transformation 
was thought to be well understood, 
and was often quoted in text-books as a 
classic example of its type. Detailed 
diffraction and calorimetric studies, 
however, have shown that the trans- 
formation is far from simple. For example, 
Zeyen et al. discovered that a thermo- 
dynamically stable incommensurate 
SiO, phase exists over a tempera- 
ture interval of a few degrees between the 
fields of stability of a- and #-quartz 
(Physica B120, 280; 1983). Quartz is thus 
one of the increasing number of insulators 
which exhibit incommensurate behaviour, 
a phenomenon that is providing a great 
theoretical challenge and which is at the 
forefront of research in solid-state physics 
(see Heine, V. & McConnell, J.D.C. J. 
Phys, C17, 1199; 1984). 

Geologically, the persistence of SiO, 
polymorphs in a metastable state is 
particularly valuable because these phases 
provide a partial record of the pressure and 
temperature history of the rock in which 
they occur. In a spectacular recent X-ray 
and electron microscope. study of quartz 
grains from a claystone band occurring at 
the sharply defined Cretaceous—Tertiary 
stratigraphic boundary, Bohor et al. 
(Science 224, 867; 1984) found that this 
quartz showed features characteristic of 
shock effects, and was associated with 
traces of the high-density stishovite 
polymorph. They conclude that the 
claystone layer was produced by fall-out 
from the impact of a large extraterrestrial 
body on a Cretaceous landmass. If similar 
features were to be found around the 
world, this would constitute strong 
evidence that the end of the Cretaceous was 
marked by a number of extensive and 
catastrophic meteoritic impacts, which 
have previously been suggested as the cause 
of the inferred mass extinction of a variety 
of flora and fauna at this time (see Science 
223, 1174; 1983 and Nature 308, 685; 1984). 

Observations of SiO, in the form of 
coesite may also give clues to the role and 
behaviour of continental crustal material 
in geodynamic and plate tectonic 
processes. Work by Chopin (Contr. Miner. 
Petrol. 86, 107; 1984) on some 
extraordinary rocks from the western Alps 
has revealed the existence of coesite 
inclusions within 25-mm-diameter pyrobe 
garnets. The coesite appears not to. have 
inverted to a lower-density SiO, 
polymorph because. of confining pressure 


applied by the surrounding garnet. A 











similar discovery of coesite inclusions i 
clinopyroxenes in a dolomite-eclogite from 
Grytting in Norway lead Smith (this isstie. 
of Nature, page 641) to suggest that th 
eclogite had been subjected to pressures 0 
~ 30 kbar. This is an extraordinarily hig 
pressure for crustal rocks to be exposed to 
and suggests that the rocks have either bee 
buried or subducted to depths of ~ 100 km 
or have been subjected to significant over: 
pressuring during deformation at a k 
shallow depth. 

The importance of studies on Si 
phases is underlined by a recent. edition 
the Journal of Geophysical Rese 
(89B(6); 1984) which contains nine pap 
dedicated solely to the study of the m 
anical properties of quartz. Because of it 
ubiquitous occurrence, quartz has trad 
itionally been treated as an analogue. 
continental crustal material. Majc 
uncertainties about its mechanica 
behaviour still exist however. Quartz i: 
of the strongest common natural materials 
yet, paradoxically, there is abund 
microscopic evidence in quartz-bearin 
rocks that quartz has flowed extensively 
nature and was weaker than other mineral 
associated with it. It has long been recog 
nized that quartz is greatly weakened in th 
presence of water, a phenomenon know 
as hydrolytic weakening and this is though 
to be responsible for the apparen 
weakness of natural quartz. The mech 
anism by which hydrolytic weakenin 
occurs, however, is still the. subjecto 
considerable research effort (see Bla 
R.D. and Christie J.M., J. Geophys R 
89B(6)4223; 1984). 
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100 years ago 
Przevalsky’s Wild Horse 


Great interest is attached to the question of the: 
origin of our domestic animals, and especially to: 
that of the horse — which is generally supposed 
not now to exist in an aboriginally wild state, 
Every fact bearing upon this subject is of 
importance, and the discovery by the great 
Russian traveller Przevalsky, of a new wild 
horse, more nearly allied to the domestic horse 
than any previously known species, is certainly: 
well worthy of attention. pP 
From Nature 30, 391, 21 August 1884.: 








volutionary biology 





Evolution of stable 
exploiter-victim systems 


from Jared M. Diamond 


‘PARASITES, predators and pathogens make 
their living by killing or weakening other 
organisms. Whenever such exploiter 
species expand their range, they encounter 
aive potential victims which lack 
shavioural defences. The frequent result 
is decimation or extermination of the vic- 
timized populations, as illustrated by the 
effects of smallpox on many human 
populations, of European chestnut blight 
on American Chestnut and of introduced 
cats and rats on dozens of island bird 
pecies. Why do exploiters not follow their 
victims into extinction? Why does the 
world instead abound with predators and 
their prey, with parasites or pathogens and 
their hosts? Four recent studies of parasitic 
vertebrates illuminate this evolutionary 
paradox. 
The first study involves an old and stable 
parasite-host dyad: the Shining Cuckoo 
(Chrysococcyx 1. lucidus) and Grey 
Warbler (Gerygone i. igata) of New 
Zealand!?. The cuckoo lays its eggs in the 
fest of the warbler but of no other New 
Zealand bird. It removes one warbler egg 
and substitutes its own, and the baby 
cuckoo, on hatching, proceeds to expel all 
remaining warbler eggs and nestlings from 
the nest. The warbler has no behavioural 
defences against the cuckoo; it accepts and 
rears the cuckoo nestling. Why, then, is the 
warbler still abundant and the cuckoo com- 





Each year the warbler lays two clutches 
of four eggs each, the first in mid- 
September, the second in mid-November. 
The cuckoo migrates to remote Pacific 
islands for the austral winter and does not 
return to New Zealand until the end of 
September. The warbler’s first clutch 
therefore escapes the cuckoo, and 54 per 
cent of the eggs yield fledged young. For 
the unparasitized second clutches the fledg- 
ing rate is 33 per cent but cuckoos parasitize 
$5 per cent of the remainder and re- 
duce the fledging rate to 2 per cent. 
Hence a pair of warblers rears about (4 x 
0.54) + 4 [(0.55 x 0.02) + (0.45 x 0.33)] = 
2.8 fledged young per year, many more 
than is needed to maintain the population 
of this sedentary long-lived species. A pair 
of cuckoos produce about 16 eggs per year, 
and the fledging rate is a healthy 52 per 

‘ent, yielding eight fledged young to make 
good the losses from the 8,000-km over- 
water return flight to the wintering 
grounds. Thus, both the cuckoo and its 
host thrive. 

-Let us now turn to the young unstable 
host—parasite systems involving the 
_Qrown-headed Cowbird (Molothrus ater) 





of North America’. This nest. parasite, 











which victimizes over 100 species of 
songbirds, probably evolved in the Great 
Plains and followed the vast herds of buf- 
falo, eating insects stirred up by the herds. 
With the arrival of Europeans and near- 
extermination of buffalo, cowbirds switch- 
ed to following horses and cattle and 
spread to other areas of North America, 
encountering songbirds naive to cowbirds. 
The result has been the decimation of some 
of the cowbird’s new victims, including 
Kirtland’s Warbler (Dendroica kirtlandii) 
in Michigan” and the Bell’s Vireo popula- 
tion of California (Vireo belli pusillus)?’ . 

Kirtland’s Warbler is confined to young 
jack-pine stands of lower Michigan. The 
first recorded parasitization of a Kirtland’s 
Warbler nest by cowbirds was in 1908. 
Thereafter, the proportion of parasitized 
nests rose rapidly to 25 per cent by 1931-50 
and to over 70 per cent by 1966-71. The 
warbler is an ideal host: its ground nests are 
easy for cowbirds to find, the warblers ac- 
cept cowbird eggs and tend them diligently, 
and warbler eggs hatch later than cowbird 
eggs and yield smaller nestlings unable to 
compete with the baby cowbird. Even in 
the absence of nest parasitization, distur- 
bance by cowbirds reduces the number of 
warbler eggs laid from five to three. When 
the 1971 breeding census revealed a 60 per 
cent drop in the warbler population to 201 
pairs, the US Fish and Wildlife Service 
began a massive programme to kill cow- 
birds in warbler habitats and the decline 
of the warbler population was halted. 

The case of the Californian Bell’s Vireo 
is similar®? but has one added twist !®!!, In 
1908, the same year that Kirtland’s 
Warbier was first victimized in Michigan, 
the first parasitized vireo nest was 
discovered. Having been abundant, the 
vireo was soon suffering from the highest 
rate of parasitism of any Californian 
songbird: 16 per cent of nests in 1908-17, 
30 per cent in 1918-27 and 58 per cent from 
1928 to present. Production of fledged 
Bell’s Vireos dropped to 0.6 per nest and 
the species disappeared from most of 
California. Cowbirds have remained abun- 
dant in California by victimizing many 
other songbird species. Unlike the 
Kirtland’s Warbler, the Bell’s Vireo is not 
restricted to one habitat but has popula- 
tions in midwestern North America, in areas 
long occupied by cowbirds. These cowbird- 
wise vireos suffer much lower rates of para- 
sitism, produce young at two to three times 
the rate of the Californian population 
and are actually increasing their range!!! , 

The contrast between naive and ex- 
perienced host populations is illustrated 
further by the effects of lampreys on trout 

















populations. Landlocked populations of 
the sea lamprey Petromyzon marinus have 
long coexisted in the lakes of upper New 
York State (Lake Ontario and the Fiuger 
Lakes) with the Lake Trout Salvelinus 
namaycush, While these experienced trout 
avoid lamprey attack and remain common, 
naive Brown Trout (Salmo trutta) in- 
troduced by fishermen are destroyed by 
lampreys. Originally, lampreys were 
prevented from reaching the upper Great 
Lakes by Niagara Falls, but construction of 
the Welland Canal allowed them to bypass 
the falls and reach Lake Erie in 1921 and 
Lake Michigan in 1936. Within a short time 
lamprevs virtually exterminated the naive 
upper-iake population of Lake Trout as 
well as two other fish species, the ciscos 
Coregannus johannae and C. nigripennis. 

What light do these examples shed on 
exploiter-victim coexistence? In each case 
there was decimation of victims naive to 
their exploiters. Subsequently, one of four 
things may happen. (1) The exploiter may 
follow its victims into extinction, as il- 
lustrated by the cats that destroyed most of 
the birds of Mangere Island and then died 
out themselves!?. (2) The predator may 
survive by switching to victims that are 
pre-adapted to withstand the impact. For 
instance, the Grey Warbler does not have 
any behavioural defences against Shining 
Cuckoos, but nevertheless remains abun- 
dant because its first clutch is underway 
before cuckoos arrive. (3) Some victims 
survive long enough to evolve behavioural 
defences: trout learn to avoid lamprey at- 
tack, while songbirds learn to expel cuckoo 
eggs or abandon a parasitized nest. (4) The 
exploiter itself may evolve in such a way as 
to reduce its impact, as illustrated in host- 
pathogen systems by the evolution of 
lowered pathogen virulence as well as of 
host immunity. 

The cowbird’s recent expansion in North 
America represents a natural experiment 
offering rare opportunities to the evolu- 
tionary biologist. Cowbirds have been 
common in midwestern, northeastern, far 
western and southeastern North America 
for varying lengths of time and in each area 
there are dozens of songbird species that 
constitute actual or potential cowbird vic- 
tims. Comparisons of the behaviour of 
cowbirds and their victims in these four 
areas may explain how stable exploiter- 
victim systems evolve. O 
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. Gill, B.J. Notornis 30, 137 (1983). 

. Friedmann, H. The Cowbirds (Thomas, Springfield, 1929). 
. Mayfield, H.F. Am. Birds 34, 107 (1977). 

. Verner, J. & Ritter, L.V. Auk 100, 355 (1983). 

. Mayfield, H. The Kirtiand’s Warbler (Cranbrook Inst, 

Sci., Bloomfield Hills, Michigan, 1960). 

?7. Walkinshaw, L.H. Kirtland's Warbler (Cranbrook Insi. 
Sci, Bloomfield Hills, Michigan, 1983). 

&. Goldwasser, S. Calif. Dept Fish & Game Rep., project 
W54-R1G, job-EV-E.S.1 (1978). 

9. Goldwasser, S.. Gaines, D, & Wilbur, S.R. Am, Birds 34, 
742 (1980). 

10. Nolan, V. Condor 62, 225 (1960). 


tl. Overmire, P,G. Condor 64, 75 (1962). 
12. Diamond, J.M. Nature 309. 308 (1984), 


Pm Be Be 





Jared M. Diamond is Professor of Physiology at 
University of California School of Meoicine: 
Los Angeles, ais 90024. z 





Photosynthesis 


Novel carbon supply on land 


from Peter D. Moore 


AN. adequate supply of carbon is a 
fundamental need of all autotrophic 
organisms, and not surprisingly, an 
intriguing range of techniques have 
evolved to satisfy it. A number of aquatic 
plants have been reported to use a carbon 
assimilation pathway of the type normally 
associated with desert succulents, named 
crassulacean acid metabolism (CAM; see 
Moore, P. D. Nature 304, 310; 1983), 
which permits accumulation of dissolved 
CO, and bicarbonate ions during the night, 
when. there is a better supply than in 
daylight. The CO, supply in the dark ocean 
waters is tapped by chemolithotrophic 
microbes which obtain energy from the 
organic rain of dead material sinking from 
theeuphoticzone (Karl, D. M., Knauer, G. 
A., Martin, J..H. & Ward, B. B. Nature 
308, 54; 1984), Terrestrial plants obtain 
their carbon from the atmosphere as 
gaseous CO,, but often it is in such short 
supply that it limits the rate of photo- 
synthesis. When the light supply is 
adequate, the rate of photosynthesis 
increases linearly with incréasing CO, from 
0.03 to about 0.1 parts per 10%Hall, D.O. & 
Rao, K.K. Photosynthesis, Edward 
Arnold, London). Obviously, therefore, it 
would be:a selective advantage if a plant 
could locate alternative supplies of CO,. 
What about the abundance of CO, released 
in the soil by decomposer and root 
respiration; would it not be advantageous 
for plants to supplement their atmospheric 
supply with uptake of this resource 
through their roots? 

A plant which has adopted this strategy 
is described on page 694 of this issue of 
Nature. It is Stylites andicola, a member of 
the same pteridophyte family as the 
quillworts, Isoetes. Stylites grows on 
decomposing peat in the Andes, a carbon 
reserve which is definitely worth 
exploiting. In the opinion of Keeley, 
Osmond and Raven, who have examined 
the species both anatomically and 
physiologically, the thick cuticle which 
covers the aerial parts of the plant is 
essentially impermeable to CO, and, since 
there are no stomatal pores, CO, must 
enter the plant entirely through the roots. 
This fact was confirmed by exposing the 
root system to labelled '*CO, and showing 
that the rate of CO, incorporation was up 
to 50 times as fast as during the exposure of 
green tissues. 

Ecologically, it is understandable that 
this type of adaptation should be foundina 
habitat where there is an accumulation of 
Organic material in the soil and also wherea 
seasonally fluctuating water table 
stimulates the respiratory activity of 


nicrobes and generates a rich supply of. 


O Other ee Plants need to ‘be 











examined for this root uptake of CO,, 
though none is likely to be as dependent as 
Stylites with its lack of stomata. 

Keeley et al. also observe that, asin other 
members of the Isoetaceae, there is a 
diurnal acid metabolism of the CAM type. 
In the genus Zsoetes, this characteristic is 
associated with an aquatic or seasonally 
aquatic habitat and becomes less marked 
when the plant is taken out of water 
(Keeley, J. E. Am. J. Bot. 69, 254; 1982). 
Stylites, it seems, gains advantage from 
CAM in a rather different way. The 
authors imply that diurnal variation in 
acidity was observed in this species only in 
the aerial chlorophyllous tissues and it does 
not appear to be associated with dark 
short-term carbon assimilation in the 


























roots. A lot more needs to be known about 
carbon transport in the plant before this 
can be adequately understood. 

The evolutionary significance of thé. 
discovery is considerable, particularly - 
since it may offer some clues to the initial. 
colonization of land by plants. Were thè 
early colonists, like some modern aquatic 
plants, able to take up CO, through their 
roots? And was this capacity lost with t 
development of stomata? How widespread 
was CAM among primitive land plants, 
and what was its adaptive significance? 
Perhaps it was a hangover from aquatic 
environments and was later deactivated in 
what Van Valen (Evol. Theory 4, 143; 
1979) has called the ‘switchback evolution? 
to.which CAM/C4 strategies have. been 
subjected in the course of geological time. 
A more detailed study of Stylites should 
throw light on at least some of these 
questions. E 
Peter D. Moore is a Senior Lecturer in thë 


Department of Plant Sciences, King’s College, 
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Astronomy 


Nucleosynthesis in barium stars 


from Virginia Trimble 


A CLASS of stars characterized by moderate 
excesses of barium, yttrium, carbon and 
the rare-earth elements might not seem to 
present any dramatic feature likely to excite 
astronomers, but the fact is that the barium 
stars provide a rare opportunity to see that 
nucleosynthesis really is taking place in 
stars in our Galaxy. The anomalous 
elements are just those that should be 
produced by the s-process (slow capture of 
neutrons by iron nuclei) in a star whose 
main energy source is the burning of helium 
to carbon. The only trouble is, the nucleo- 
synthésis seems to be happening in the 
wrong sorts of stars. The barium stars are 
too small and faint and too low in mass to 
have reached the evolutionary phase 
(burning of hydrogen and helium in thin 
shells around a carbon -oxygen core) when, 
according to current models, the 
anomalous elements ought to be produced 
and dredged up to the surface for us to see 
them. We still do not really understand 
how the stars do it. 

Restrained rejoicing nonetheless occur- 
red when Robert McClure and his 
colleagues at Dominion Astrophysical 
Observatory showed that essentially all the 
traditional barium stars are members of 
binary systems! ?. They have separations of 
~ 2 AU and inconspicuous companions of 
near 0.5 solar masses that could be, andina 
few cases definitely are’, white dwarfs. The 
obvious solution, then, was that the 
nucleosynthesis had occurred in an initially 
rather massive star, the large separation 
permitting this star to expand sufficiently 
to reach the evolutionary stage needed to 


make carbon andthe s-process elements 




























and to bring them to the surface.: Then 
when the massive star ejected its outer 
layers (in a wind and/or planetary nebul 
leaving a white dwarf core behind), | 
polluted the surface of its previously 
normal neighbour. A variant scheme. 
locates the synthesis on the surface of 
white dwarf, where matter accreting fr 
the barium star’s wind can trigger nova-like 
flashes. These blow the material, now 
modified in composition, back wheré 
came from. This would presumably. 
happen at intervals throughout the 
system’s life. Although the basic pollutioi 
scheme has some enthusiastic defenders‘, 
recent observations 5° present several diffi- 
culties for it and, instead, appear to favou 
an. arrangement whereby the companio 
has somehow merely triggered mixing. in 
the star we see. 

First, the variant scheme can probably. 
be ruled out, because the ratio of radio 
active ”Zr to stable °3Nb, as well as th 
absence of unstable Tc, argues for the com 
pletion of the processing at least 3 x 106 yr 
ago®. Second, a small group of stars. 
(including such bright ones as £ Peg) shows. 
a pattern of enhancement of only a. few 
s-process nuclides, strongly suggesting tha 
a very large fraction of the envelope has: 
been exposed to only a few neutrons per > 
seed nucleus, thereby juggling abundances 
within the heavy elements rather than: 
making fresh ones out of iron’. It ig: 
probably not practical to transfer. most of 
the envelope from one star to another. This: 
is, then, an objection to the main binary : 
model, as are the following points. 

Lithium. abundances present a- thir 





difficulty. The element is fragile and easily 
destroyed in all but the coolest outer layers 
of an evolving star. Yet most barium stars 
ave the same lithium abundance as 
“normal K giants of the same mass (1-2 
Ms), temperature (4,000-5,000 K), 
luminosity (M, = +2 to -2), iron 
abundance (solar to 1/3 solar) and 
-evolutionary phase (core helium burning). 
Thus, the supposed material to have been 
transferred must either have been pure 
_carbon and s-process material (in which 
-gase so little is required that no other 
- abundances are disturbed) or have carried 
with it a Li/H ratio appropriate to the mass 
‘and condition of the recipient, not the 
donor (supposed to be more massive and 
“more evolved in the binary transfer model). 
The lithium data really only make sense if 
“most of the present giant envelope has 
always been on the surface of the star, with 
modest amounts of pollutants convected 
into it. The idea that the star has been 
completely mixed, as already suggested!° 
for the still fainter CH subgiants (also 
carbon- and s-process-enriched), is even 
-more at odds with the data. 

A fourth difficulty arises in a detailed 
“analysis of the ratios of abundances of 15 
“s-produced elements in seven assorted 
barium stars*. Different phases of stellar 
¿evolution provide different neutron 
“sources; ''C (a,n)'*O during core helium 
‘burning and Ne (e,n) Mg during the 
phase with two thin shells. Both make 
s-process products, but with different 
abundance patterns, and only during the 
latter phase do models predict that the 
“products should get mixed to the stellar 
surface. Thus, we would expect the ? Ne 
‘pattern for barium stars formed by binary 
pollution. Instead, we seem to see the 5C 
‘pattern®!!, 

The fifth problem is the lack of evidence 
‘for a white dwarf companion in many of 
‘the systems and for stars that have been 
‘polluted in the advertized way at any 
“evolutionary stage except ~ KOHI core 
helium burning®'°, For the few barium 
Stars where there is evidence of a white 
‘dwarf companion, it has come from excess 
UV flux detected by the International 
Ultraviolet Explorer satellite (UEP. 
Perhaps, then, other systems have white 
_dwarfs that are too cool to be detected by 
UE. However, white dwarfs take time to 
cool, and giants evolve rather rapidly. 
Dominy and Lambert therefore conclude 
that a white dwarf whose immediate 
-predecessor has polluted the remaining star 
will not yet have had time to cool below 
TUE detection limits’. B6hm-Vitense et al. 
cdo not agreet and propose instead that 
increasing the mass of a star by transferring 
material to it both speeds up and slows 
down its evolution. The Space Telescope 
hould be able to ferret out any sort of 
white dwarf ever thought of in this context 
and so resolve the issue. 

“What about polluted stars in other 
volutionary phases? A massive star will 
evitably complete double shell burning 



































































and shedding when it is good and | 


ready,regardless of the state of its 
companion. Objective prism searches!” 
have uncovered a few old metal-poor, 
high-velocity stars near GO, M, = +4 that 
are rich in carbon and s-process products, 
(but have failed to turn up anything at all at 
adjacent colours or luminosities). These 
are the CH subgiants mentioned above. 
Their discoverers interpret them as 
products of complete mixing at helium core 
flash in stars of solar mass 1. The mixing 
shakes them up and puts them back on the 
main sequence near the turn-off point for 
old stars like those in M67. Thus, the CH 
subgiants seem to be largely irrelevant to 
our problem, except that they ought, in due 
course, to evolve into something like 
barium giant stars. Moreover, they are not 
known to be binaries — an IUE survey"? of 
17 CH subgiants rules out white dwarf 
companions hotter than 14,000 K — and 
they are too rare and restricted in 
occurrence to give rise to most of the 
barium star population. 

The supergiant carbon stars of types R, 
N and S are also not relevant. They are 
sufficiently bright and massive for the 
conventional wisdom to apply, and their 
$-process excesses are presumably a result 
of reactions in their own interiors, followed 
by dredge-up to the surface. Similar 
remarks apply to analogous older stars, the 
CH giants, although many of them seem to 
be members of binary systems". 

As for main-sequence stars that might 
have been polluted by binary companions, 
none is known. Yet, if I giant in 100 is 
affected (the ratio of barium stars to 
normal K giants), so should be | main- 
sequence star in 100 (it will capture less of 
the ejecta, but it also has a much smaller 
convective envelope to dilute what is 
captured). Perhaps we just have not looked 
carefully enough for them**, although an 
awful lot of people have looked at an awful 
lot of main-sequence stars over the years! 

Given all the difficulties with the notion 
of transfer, the possibility that the binary 
companion merely triggers unexpected 
mixing in the star is worth looking at. But, 
immediately, we hit the difficulty that the 
companions of the barium stars are all of 
low mass and inconspicuous. Yet a large 
fraction of binaries contain two stars of 
comparable mass. Thus, either a little bit of 
triggering works better than a lot — which 
seems silly — or it only works after the stars 
have had a chance to interact tidally 
through several evolutionary phases, and 
no effect is seen until the secondary is 
ascending the giant branch — which is 
almost as hard to believe, though perhaps 
not impossible’, There is also a difficulty of 
time scale 4. The s-process waits for f 
decays and so goes slowly. Thus, some 104 
yr of processing are needed before the 
mixing event (which is assumed to be the 
violent phase of helium core flash). Yet an 
adequate neutron source will not be 
available until helium burning begins; and 
existing models indicate that violence. sets 








in only a few years after helium ignition“, 
Further confusion is introduced by the 
(apparently single) K5 V star ¢ Indi. It is the 
closest star of its kind to us and one of the 
15 closest stars altogether, with a parallax 
of 0.29”. It ought, therefore, to be of the 
common or garden variety. Yet a detailed 
spectral analysis! shows it to have excess 
carbon and s-process elements in a pattern 
very like that of the barium stars and CH 
subgiants (in combination with high space 
velocity, absolute magnitude and low iron 
abundance, all suggestive of an old 
subdwarf). Kollatschny advised caution in 
accepting these results at face value. 
lonized and neutral species of the same 
element typically gave discordant results, 
and the apparent anomalies in € Indi may 
thus reflect only our incomplete under- 
standing of the structure of very cool 
atmospheres. Where only one ionization 
state is seen, as in the group of stars studied 
by Holweger and Kovacs’, improper 
interpretation of atmospheric structure 
could be responsible for all the anomalies 
reported '°. And even for the frequently- 
studied bright K giant Arcturus, there are 
still large error bars on values for its 
temperature, surface gravity and 
abundances!®, 

Misinterpretation of observational data 
would be the easiest way to resolve the 
problem of apparent nucleosynthesis in 
barium stars, though the soul quakes at the 
number of wasted astronomer-hours. I do 
not think that this is the whole answer, but 
neither mass transfer from a companion 
nor anomalous mixing, triggered by the 
companion, is entirely satisfactory either. 
Thus, although the nuclear physics of the 
s-process is in good shape, we still do not 
seem to know its astrophysical context very 
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Erratum 


In the article ‘Antibodies to the rescue’ by | 
David Hanke (Nature 310, 272; 1984), in the 
third paragraph, auxins are described as ‘plant 
hormones’. This description was introduced 
during the editing of the article; the author 
would prefer auxins to be referred to as ‘plant 
growth substances’. > 


























Sir — The recent correspondence about 
the. word homology has been concerned 
more with its use (or misuse) than with its 
meaning. It has been generally assumed 
that homologous DNA sequences and pro- 
tein and chromosome structures reflect 
either a common ancestry or convergent 
evolution. The lack of demonstrable simi- 
larity is held to imply either distinct 
ancestry or adaptive radiation'. Yet some 
proteins which lack similarities may have 
had them and lost them through drift. 
More positively, one may say that the mere 
absence of homologies suggests nothing. 
Moreover, as the concurrent phylogenetic 
controls are not available, some accepted 
explanations, accounting for the existence 
of similarities, may ultimately require 
revision. 

Alternatively, we could interpret. the 
variety of homologous relations by con- 
sidering the genes as determining both the 
‘evolutionary: propensities (that is, 
Popper’s measures of probabilities to 

evolve along preferred pathways under cer- 
tain selection pressures”) and the critical 
structural features of the proteins encoded. 
Popper ascribes a concrete physical 
existence to propensities, which 
- significantly limit the randomness of those 
homologies and which could not be 
accounted for by the above mechanisms. 
-2 Given the propensities to evolve simi- 
larly under particular evolutionary con- 
straints, we must expect that structurally 
different. proteins (having distinct. origin) 
may yet display homologous amino acid 
sequences, whereas functionally related 
proteins (either of common origin or by 
convergence) may happen to lack them. 
Likewise, the propensity interpretation 
predicts molecules with unrelated function 
(and distinct origin) bearing conform- 
ational homologies, while structurally dis- 
similar proteins may share similar 
functions and have a common origin}. 
These predictions are supported by the 
factual evidence?>, qualify a gene as a 
hereditary carrier of evolutionary pro- 
pensity and give an unexpected twist to the 
old question of structure-to-function 
relationship. The propensity viewpoint 
could be tested against blind chance once 
the rates of evolution are known. 

Moreover, the propensity interpretation 
of probability in evolutionary relations 
challenges convergence as the putative 
explanation of certain similarities? . This is 
illustrated by analogy with the karyotype 
evolution in chronic myeloblastic 
leukaemia. The terminal clinical phase of 
the disease is associated with the 
development of increasingly similar 
karyotypic changes of the malignant clone 

„in more than 90 per cent of patients®. As 
>the similar chromosome aberrations 
accumulate, an impression of “convergent” 
< karyetype evolution is simulated. The 
- Individual patients are unrelated yet a 


The meaning of homology 














fictitious idea of convergence arises. 

But this artefactual convergence towards 
a similar chromosome pattern is merely a 
manifestation of common but previously 
latent karyotype propensities to evolve in 
this particular blood disorder®. Extensive 
similarity of karyotype patterns does not 
imply genealogical (homologous) relations 
among the patients. 

Since our extragolations of homologies 
from the observed similarities often neglect 
the principle of maximum parsimony, we 
succumb unawares to a subtle prejudice 
that close resemblance inevitably derives 
from evolutionary relatedness (or chance). 
Unless the propensity interpretation is 
appreciated, such inference will continue 
to rationalize our sense of déja vu, camou- 
flaging it with the often vague metaphor 
of “convergence”, 
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Wigner’s phase-space 
density function 


Sir — I and my colleagues were surprised 
by the article of J. Maddox (Nature 308, 
601; 1984) on Wigner’s phase-space density 
function in quantum mechanics (which, as 
well known, may take negative values) and 
by the importance attached there to a re- 
cent paper by K. Wodkiewicz. This author 
has in fact merely discovered in 1984, and 
in a particular case, a well known result: if 
one considers both a (one-particle) state 
and a measurement apparatus, represented 
in general by a density matrix ¢ and an effi- 
ciency matrix! F respectively, then the 
phase-space integral of the product of 
the two Wigner functions W (p,q) and 
Wp (p,q) is always positive, being in fact 
just equal to the detection probability P = 

Tr FE (=|<wi$>|? if ¢ and F correspond 
to pure states >, y, the only case considered 
by Wodkiewicz). His ‘‘operational proba- 
bility distribution” is just the convolution 
product P(p,q) = Wow (p,q) = Tr F mS 
obtained for a class of apparatus F h 

translated in phase-space in the standar 

way [Wip q) = W {p-p q-q). The 
above results can be found, for example, in 
ref.2, or in the form just described (involv- 
ing explicitly the measurement apparatus) 
in ref.l. Many recent papers have re- 
discovered this and other simple properties 
of the. Wigner function, not found in his 


1932 work, but already obtained long-ago, 














for example the following result, given in 
that form in ref.1 and derived there from 
the previous one: the Wigner function: 
always has. positive mean values in any 
“gaussian’’ box in phase-space of dimen-. 
sion 2/2, or in other words is positive: 
after a “gaussian =7/2 smoothing”, a. 
result discovered in several papers ‘since. 
1975 (including one by Connell and Wigner: 
himself in 1981). E 
D IAGOLNITZER 
Centre d’Etudes Nucléaires de Saclay, , 
F-91191, 
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Electrical neutrality 
of atoms 


Sir — In his excellent survey! on the 
experimental and theoretical aspects 
concerning the electrical neutrality o 
atoms, Close mentions that an unpublished 
result by King, based on the application of 
the Picard-Kessler method to H, and He. 
gases, is Q< 6x10, where Q stands for. 
the fractional charge difference between an 
electron and a proton. It should be added. 
that a later result, also unpublished and 
obtained by King, applying th 
same technique to SF, puts Qa 
(0 + 3.0)x 107. Subsequently King and. 
Dylla have reported? their determination 
with an acoustic method, of the uppe 
bound for Qas 1 x 10°?!, which apparentl 
remains the best experimental figure w 
have at present. 
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The rotation of birds’ eggs 
Sir — With reference to the interesting 
note by Jon Darius on the rotation of egg: 
(Nature 308, 691; 1984), may I suggest that 
the blunt end of an avian egg might well 
have a function parallel to that of the mam- 
malian fetal skull in stimulating the uterine 
muscles into contraction? Could the engai 
ing of the blunt end be more effective in 
initiating the avian equivalent of ‘labour?’ 
than the tapered end, thus expediting the 
process of egg laying? 

An alternative explanation of which lam 
less sure could relate to the development of. 
the air sac inside the blunt end of the egg: 
At what stage in egg development does this 
air collect? Is it before laying, or is it while 
the egg is passing towards the cloaca? Ifthe _ 
latter is the case, there would be an obvious 
advantage in presenting the egg blunt end 
first. . 
C.A. MICHIE 
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Alignment of base 
sequences 

Sin — Fitch (Nature 309,440,984) uses 
gaps in aligning two base sequences ‘‘to in- 
crease the number of base matches,” He 
“possibly ‘‘misleads the careless reader” by 
“hot mentioning that there is a 25 per cent 
chance of two bases being identical in two 
unrelated sequences, each containing equal 
quantities of A, C, G and T. The two se- 
quences in his first diagram have more mat- 
ches (7 in 27 bases aligned) when aligned 
one over the other without a gap: 


CCTTCAGAATACAGAATAGGGACATAGAGA 
ATCCCACCCAGCCCCGTGGACCTGTAT--- 
than with the gaps used (3 in 21 bases align- 


ed). In Fitch’s second diagram, he con- 
trives 7 matches in 27 bases aligned by in- 


‘Serting a gap, which is the same amount of | 


matching as without a gap, and the same as 
by random coincidence. 
Any two random sequences of A, C, G 
„and T may be made to give the appearance 
of matching if enough gaps are arbitrarily 
inserted. Each such gap quantitatively 
diminishes the probability of evolutionary 
homology’. Obviously, there is no point in 
inserting gaps that do not increase the 
number of matches, or in using algorithms 
fo no purpose. THOMAS H. JUKES 
Space Sciences Laboratory, 
University of California, 
Berkeley, California 94720, USA 
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Opiates and sexual 
function 
“SiR — We were interested to note that 
 Weisenfeld-Hallin and Sodersten' were 
able to confirm (in rats) previous findings 
„in man that spinal opiates interfere with 
male sexual function. In 1980, Tordaeta/.2 
-reported failure to ejaculate in three out of 
¿four sexually experienced Australian 
“anaesthetists who had been pretreated with 
lumbar extradural morphine. We feel 
: stimulated to enlarge on this; although we 
do not have precise measurements of the 
number of intromissions or the duration of 
intercourse in the latter study, the in- 
‘idence of ejaculatory failure was in fact 
00 per cent, as the fourth volunteer was 
not introduced to a sexually receptive 
_ female within the expected duration of ef- 
“fect of the extradural injection. 

It may be true? that spinal opiate 
‚research in laboratory animals has concen- 
trated exclusively on pain perception, but 

this is not the casé in man. There is now 
abundant evidence that spinal opiates in- 
‘teract with a far wider variety of neural 
‘pathways than originally thought. The en- 
docrine responses to nociceptive stimuli?*, 
bladder function’, psychogalvanic 
; fesponses* and respiratory function*® are 

all! modified by spinal opiates. 
Spinal opiates appear to affect sexual 
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pathetic responses to sexual stimulation, 
Whereas the efferent pathways for penile 


“erection in man are thought to be parasym- 


pathetic, ejaculation and termination of 
the erection are believed to be under the 
control of sympathetic efferents. One 
might predict, therefore, that sympathetic 
blockade by a spinal opiate would lead to 
sustained erection with ejaculation, as-has 
been observed in man. 

Nalaxone reversal of sexual dysfunction 
has not been investigated in man, but its oc- 
currence in rats implies that the effect is 
specific to opiates. This may not be so, as 
we have observed delayed, but ultimately 
successful, ejaculation after the use of 
caudally administered extradural steroids. 
That the sexual effects of spinal opiates 
may be nonspecific is not altogether sur- 
prising; concentrations of morphine in 
spinal fluid after intrathecal injection may 
be over 100,000 nmol per litre’, and a 
Significant fraction of extraduaral mor- 
phine may cross the dura? to give very large 
spinal fluid drug concentrations. These are 
far in excess of concentrations required for 
saturation of spinal opiate receptors. 

Whatever the mechanism, there is at 
least one important clinical implication for 
these findings. Spinal administration of 
opiates or other drugs may constitute an 
important new therapeutic tool in the treat- 
ment of premature ejaculation. 
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Adiabatic boiling and 
ocean metal transport 


SiR — R.N. Anderson', commenting on 
Delaney and Cosens*, presents a 
misconception about adiabatic boiling, as 
well as an error about precious metal 
transport and deposition. Both articles 
assume that adiabatic ascent of heated 
seawater beneath thermally active ocean 
ridges} can result in a greatly concentrated 
residual liquid due to steam loss if the 
liquid intersects and follows the subcritical 
temperature—pressure two-phase curve. 
This is their explanation for fluid inclu- 
sions with salinities two to five times that of 


performance primarily by modifying sym- 












eawater in seafloor basalts?. Le 

The dissolved: salts in seawater raise its 
critical point above that of pure water to 
about 405°C*. Using thermodynamic data 
for a seawater-equivalent NaCl solution‘, 
and enthalpy calculations by K.S. Pitzer 
(personal communication), one may 
calculate the maximum steam fraction that 
will result due to adiabatic boiling from 
400°C and, say, 500 bars? to 200°C (the 
maximum temperature range over which 
boiling might occur before magmatically 
heated seawater is expelled from an ocean 
ridge). About 53 per cent of the original 
mass of the liquid would be converted to 
steam, thus concentrating the salinity of 
the original to the residual liquid by a 
factor of about 1.9. 

I do not argue that boiling cannot occur 
beneath the ocean floor. It may, 
particularly beneath some of the shallower 
ridges, or where the gas contents are high. 
But the concentration factors cited? cannot 
be attributed solely to boiling, and the 
fluid inclusion data are not conclusive 
evidence of boiling. A possible mechanism 
for the creation of the brines in fluid 
inclusions may be supercritical phase 
separation of seawater**. 

Anderson also claims that Delaney and 
Cosens “predict the steam” generated by 
such boiling may carry gold and silver to 
shallower parts of a hydrothermal system, 
leaving lead, zinc and copper below the 
zone of boiling. However, Delaney and 
Cosens* do not suggest (nor does anyone 
else) that precious metals are transported 
by subcritical steam. Rather, it is simply 
observed in some ore deposits that precious 
metals are often stratified above base 
metals, with the point of separation being 
the zone of first boiling. Although vapour 
may be present above this zone, it is the 
residual liquid that continues to be the 
transporting medium of the non-volatile 
species. This is the situation in the 
geothermal systems of New Zealand, 
where ore-grade gold and silver 
precipitates are being formed’. 

Studies of active hydrothermal systems 
and their hot springs are very important to 
understanding how fossil hydrothermal 
systems formed ore deposits; they may 
assist in finding new deposits and even new 
environments of mineralization. But 
Anderson’s speculations, particularly on 
finding a deep sea ‘‘steam vent where we 
might observe precious metal deposits 
forming in situ for the first time ever’’, are 
not justified. 
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Can a neutrino-dominated Universe 
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The conservative hypothesis that the Universe is dominated by nonbaryonic matter made up of particle 


that have already 


een observed in the laboratory is not tenable within a standard big-bang cosmolo 


if all neutrino species are stable. It can be salvaged only if one neutrino species has a mass in th 
range 0.1-250 MeV and decays on a short mass-dependent time scale, while a second species has 


mass in the range 10-50 eV and is stable. 





THE masses of large astronomical systems, such as groups and 
clusters of galaxies, can be determined from the requirement 
that gravitational forces be. sufficient to induce the observed 
„random motions of their constituent galaxies. This procedure is 
< directly analogous to determining the mass of the Sun from its 
distance from the Earth and from the orbital velocity of the 
Earth. Masses found in this way exceed by more than an order 
of magnitude the total mass of the stars in the visible parts of 
the galaxies. A similar discrepancy shows up when the motion 
of stars and gas in the outer parts of the disks of spiral galaxies 
is used to analyse the distribution of mass within them. Most 
of the mass seems to be located far from the centre, well outside 
the regions which contain most of the light. This difficulty has 
been dubbed the ‘missing mass problem’ although, in fact, it is 
the light which seems to be missing—the mass is certainly there 
(see ref.'1). It seems that at least 90% of the mass of the Universe 
is in'some form. which is dark and has so far remained undetected 
except by its gravitational effects. 

Many candidates have been suggested for the dominant dark 
component, spanning an embarrassingly large mass range of 78 
orders of magnitude. Some possibilities are: black holes (10° 
10” g); baryonic material in the form of small stars, planets or 
rocks (<10 g); elementary particles such as monopoles 
(~10°’g), photinos (~10°% g), neutrinos (~107*'g) and 
axions (~107* g). Of these candidates, only stars, planets, rocks 
and neutrinos. have been directly observed and a nonzero rest 
mass has not yet been confirmed for any neutrino. The suitability 
of the other candidates is doubly uncertain: they must be shown 
to exist in nature, as well as to have a mass which matches their 
present number density in such a way as to produce the observed 
cosmic matter density. 

The axion, for example, is the particle corresponding to a 
hypothetical quantum field originally suggested as an explana- 
tion of why processes that break charge-parity symmetry occur 
much more rarely in nature than seems natural in the standard 
model for the strong interactions. Soon after this possibility was 
proposed, it was realized that the axion would need to have a 
mass <10~’ electron masses, if it was not to adversely affect the 
energy loss processes from the centres of stars but >107" 
electron masses, if it were not to be so copiously produced in the 
big-bang that the total density of axions would greatly exceed 
the present density of the Universe***’. Fortunately, as well as 
providing the present limits on axion masses, astrophysics also 
provides sufficiently abundant sources of axions that there is 
some chance of detecting them directly on Earth despite their 
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incredibly weak interactions. Nevertheless, there is no dire: 
experimental evidence for their existence. i 
In view of the difficulty of distinguishing between the plethor 
of exotic candidates proposed for the dark matter, it seems wis 
to concentrate first on objects which are known to exist. ; 
powerful constraint comes from the theory of nucleosynthes 
in the standard big-bang cosmology. Although the amount o 
mass inferred from. observations of galaxy clustering and of th 
outer parts of spiral galaxies is just marginally consistent wit 
the hidden matter being made of baryons, the observed elemen 
abundances are not consistent with a presen! baryon densit 
sufficient to close the Universe and to ensure that its expafisio 
will one day be arrested. However, inflationary models for th 
early Universe’ and general philosophical considerations su 
gest that the present total density should be extremely close t 
that required for closure, otherwise the fact that it does noi 
differ from this value by many orders of magnitude would nee 
to be ascribed to some improbable cosmic coincidence. Reten 
tion of a flat Universe and of standard cosmology requires th 
the dark matter cannot be baryonic: the only such candida 
known to exist are the three types of neutrino (v, v, and yg), 
this article we discuss current constraints on a neutrino-domi 
nated Universe. 


Stable massive neutrinos 


While the simplest theories for the unification of the strong 
electroweak interactions (that based on the symmetry. grou 
SU(5)) requires neutrinos to be massless, many other grand 
unification schemes allow them to acquire a nonzero rest mas 
Unconfirmed claims that a nonzero neutrino rest mass had beé 
detected** stimulated interest both in such theories and i 
neutrino-dominated cosmologies.. Provided their lifetimes: ar 
much greater than the age of the Universe, the role of massiv: 
neutrinos in cosmology is relatively simple and depends onl 
on their masses. (We do not discuss the possibility of a significan 
nonzero chemical potential for the neutrino distribution; beside 
being rather unnatural it does not weaken the constraints w 
describe.) We consider this simple case first; the present Uni 
verse is then dominated by the most massive stable neutri 
species and we assume that no other species has decayed sinc 
neutrino decoupling (kT ~ 2 MeV). i 
The present number density of each species of neutrino’i 
å 7) times the number density of the photons that we observ 
in the microwave background radiation; the first factor come 
from the difference in statistics and the second from the addi 
tional production of photons by e*e” annihilation’. The mi 
of the dominant particle is thus very simply related to the presen 
mean cosmic density. This mass also determines the epoch an 
thus the horizon scale of the Universe when the particles becany 


nonrelativistic. 































































ig. 1a, An equal-are 

“ation of the northern sky. The outer- 
‘circle is at galactic latitude +40° 
“and the dashed line corresponds to 
0° declination. Symbols show those 
galaxies with apparent magnitude 
m,=14.5 and recession velocities 
op, <10,000kms7! which would 
still have apparent magnitude m, < 
‘014,5 4f their distance were scaled in 
proportion to  v,/4,000. This 
“eatalogue™ is thus volume limited 
to 4,000kms~' and magnitude 
limited beyond that. b, An N-body 
model of a neutrino-dominated 
universe” in which structure first 
formed at a redshift of 2.5. The 
model was scaled to O= 1, Hy= 
50km s™', m, = 24 eV and particles 
were plotted using the same selec- 
tion in depth as applies to the real 







expected in the neutrino-dominated Universe. 


» This horizon scale is, in turn, related to the minimum scale of 
Spatial variations in the density of neutrinos at later epochs. 
When a neutrino-density fluctuation is encompassed by the 
particle horizon, streaming of neutrinos away from the peak will 
reduce its amplitude drastically if the neutrinos are still relativis- 
ic. Large-scale fluctuations enter the horizon after the neutrinos 
have slowed down and are not significantly affected by this 
process. Plane-wave density fluctuations of current wavelength 
Ag are reduced in amplitude by an order of magnitude, where 
Ag= 41/(myg9)Mpe = 13/(Oh797)Mpe (refs 6-8). (m here is 
the mass of the dominant neutrino species in units of 30 eV, 3 is 
the microwave background temperature in units of 2.7 K, h is 
the Hubble parameter in units of 100 kms~' Mpc”! and Q is the 
cosmic mass density in units of the value required to close the 
Universe.) This is a very large scale, comparable with the largest 
structures seen in the present Universe: smaller fluctuations in 
the neutrino distribution were strongly damped. Detailed calcu- 
ations®™ of the linear transfer function for this process specify 
the statistical properties of the neutrino distribution at redshifts 
2210 for any assumed density fluctuation spectrum at early 
times. The shape of the initial fluctuation spectrum is unam- 
biguously determined in inflationary models for the generation 
of structure but its overall amplitude is model dependent and 
uncertain; this amplitude determines the epoch when nonlinear 
structures (‘pancakes’) first form. 

Numerical simulations of the nonlinear growth of structure 
from initial fluctuation spectra of this kind show that Ay< 
/h Mpc is required for consistency with the observed scale of 
galaxy clustering and with the requirement that structures begin 
forming by a redshift >4 (ref. 9). This limit cannot be reconciled 
with the value expected in a neutrino-dominated Universe for 
y acceptable cosmological parameters; both the Soviet 
measurement of the electron neutrino mass and the requirement 
hat the age of the Universe be greater than that of globular star 
usters (> 12. Gyr) lead to disagreement by a factor of at least 
3 in length scale (for Q < 1). The conflict is exacerbated if several 
utrino species have the same mass. (The possibility m, > 
GeV (refs 10-13) can lead to a reasonable value for the 
coherence length'*, but is inconsistent with experimental limits 
on the masses of all three known neutrinos'’.) 

-Figure 1 illustrates the scale discrepancy by comparing the 
observed distribution of galaxies in the northern sky with the 
distribution of matter in a simulation of a neutrino-dominated 
niverse scaled assuming that mM, = 0.8, h =0.5, Q = 1 and that 
% of matter had undergone local collapse by a redshift of 2.5. 
The inconsistency between the two pictures arises not because 
Ag in a neutrino-dominated Universe is much larger than any 
structures seen in the real world but rather because if structure 


data. Points in collapsed regions where galaxies could, in principle, be formed are shown as open circles, whereas points in uncollapsed 
regions are shown as dots and cannot represent galaxies. The number of open circles is the same in a and b. Note the very large empty regions 


first forms at z > 2.5 the present density contrast on scales ~ A, 
is predicted to be much higher than is observed. Galaxy forma- 
tion in a neutrino-dominated Universe is expected to occur only 
in regions which have undergone local collapse. Figure 1 shows 
that this requirement seems likely to make the galaxy distribution 
even more inhomogeneous on large scales than the neutrino 
distribution. It seems that a neutrino-dominated Universe can 
be ruled out if all three neutrino species have been stable since 
decoupling. 


Unstable massive neutrinos 


We must now enquire whether decay of a massive neutrino can 
allow us to evade the above conclusion without the introduction 
of exotic physics or cosmology. Our approach is to find restric- 
tions which are independent of any assumed model for neutrino 
decay. For example, we include restrictions on heavy neutrinos 
formed in the ‘heat bath’ of a supernova explosion'®; but we 
exclude restrictions on heavy neutrinos which follow from the 
presence of the energetic tail of the vg flux from the Sun, 
assuming a particular type of coupling involving a small mixing 
angle'’. Although the latter restriction is based on a very reason- 
able assumption about neutrino mixing, that assumption is, 
nevertheless, model dependent. We also exclude the possibility 
that » decay may occur on a much shorter time scale than the 
minimum predicted by standard weak interaction theory. While 
such decay might have cosmologically interesting consequen- 
ces'*'® it requires the mediation of exotic quantum fields (such 
as, familons or majorons) for which there is no experimental 
support. In addition, such schemes are not consistent with our 
conservative assumptions because they predict that almost half 
the present energy density of the Universe should be contributed 
by these exotic particles. 

If the decay is radiative it can increase the density of photons 
relative to that of the less massive, stable neutrinos which cur- 
rently dominate the Universe. The latter may then have a higher 
mass and hence a smaller initial coherence length without con- 
flicting with limits on the mean cosmic density. If neutrino decay 
is nonradiative, it may also be possible to escape our previous 
conclusion: the unstable particle or its decay products can 
enhance the energy density of the Universe at the time the stable 
neutrino becomes nonrelativistic. A higher energy density 
requires a higher expansion rate to keep the Universe flat at this 
early time, and therefore a smaller age and a smaller horizon 
size. This effect lowers the coherence length imposed on the 
distribution of light particles and may eliminate any conflict. 
with the observed scale. of galaxy clustering. Davis et al". 
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Fig. 2 Constraints on the mass m, and lifetime t, of radiatively- 
decaying heavy neutrinos from: F, v,~e scattering experi- 
ments**~*>; 2, the present density of the Universe”; 3, thermaliz- 
ation of decay photons in the background radiation’; 4, supernova 
‘observations’; 5,-deuterium, destruction”! (caveat, see text), The 
-< first scenario.(see text) requires a lifetime above line 6 (refs 22-25), 
where neutrinos decouple, and above line 7, to increase the 
present photon number density by a factor.of 3 (as is required to 
reduce the present coherence length by the same factor). Line 
8 shows the upper limit on the mass of v, from laboratory 
experiments! 


identified the first of these possibilities and explored a complex 
special case of the second. For simplicity, we assume natural 
‘neutrino. mass-and lifetime ordering (m, > m, > m,). In addi- 
tion; call: the unstable particle v, and the particle which currently 
dominates:the Universe v,. ; 

Radiative decay, v > v +y, is subject to a variety of cosmologi- 
eal and laboratory constraints which we show in Fig. 2; only 
the bottom right-hand corner is allowed. Unfortunately, 
neutrinos in this region do not live long enough to produce the 
increase in photon temperature that we tequire. The present 
neutrino temperature cannot be low enough to allow.m, > 85 eV 
as is needed to get a sufficiently small coherence length. Our 
analysis differs slightly from that of Davis etal”? who concluded 
that:this scenario could not produce galaxy haloes, but that, for 
m,~ 10 MeV it could produce coherence lengths of the size that 
we require. We exclude this latter possibility too, since for this 
mass the neutrino lifetime t, must be less than a tenth the age 
of the Universe at the time of nuleosynthesis, otherwise the 
decay photons destroy too much deuterium”’. At this early time 
(10-20 s) the neutrinos do not yet dominate the energy density 
of the Universe, and cannot significantly increase the photon 
temperature. There is one caveat here: Fig. 2 shows the excluded 
area. determined by Lindley”', although he overlooked the possi- 
bility that decay photons might lose energy by producing e*e” 
pairs in collisions with background photons. This weakens his 
restrictions significantly in the region of Fig. 2 where the centre 
of mass energy of such collisions exceeds 2m,c*. This effect 
clears part of the bottom right-hand side of the excluded area 
5 in Fig. 2, but the area above line 7 remains excluded. (A more 
exact treatment should include multiple scatterings which 
Lindley. left out; this would enlarge the excluded area.) 

Nucleosynthesis constraints from the observed deuterium 
abundance?” are not indicated in Fig. 2 because these do not 
significantly limit the parameter space of interest (to produce 

_the observed deuterium abundance implies an upper limit on 
-t,0m,) whichis similar in shape to line 7 but displaced towards 
: higher 1, values by more than two orders of magnitude). The 
case, mM, -500 MeV, might also seem to be marginally- allowed, 



























1 GeV 


Fig. 3 Constraints on the mass and lifetime of nonradiatively- 
decaying neutrinos, from: 1, requiring g > 1; 2, requiring 1 +2z,,> 5, 
the redshift when quasars formed—this is a very conservative limiti: 
under plausible assumptions the large-scale isotropy of the micro- 
wave background implies a more stringent upper limit which is 
parallel to, and lies only slightly above, line 3. The lifetime must 
lie above line 3 if the horizon scale at z, is to be decreased by a 
factor of 3. Line 4 shows the experimental upper limit on the mass 
of v, (ref. 15). Note that at the intersection of lines 3 and 4, 
q =5 x10" showing a decay rate far below that obtained by scaling 
from muon. decay. 


as the number density of neutrinos is then so small that 
deuterium destruction becomes. tolerable”. However, three 
arguments appear to rule out this possibility: (1) multiple scatter- 
ing of decay photons makes deuterium destruction more efficient 
than in the calculations reported in Fig. 2; (2) nonequilibrium 
corrections to decay rates significantly raise line 7 in Fig..2;.3) 
line 7 is also raised by the decay channels which open up when 
mesons can be produced; these channels were not consideri 
by Dicus et al”, : 
Nonradiative decay, v, > 2v:+ offers another means to lower 
the coherence length of the present neutrino distribution. Mas 
ive v,s become nonrelativistic at the redshift when mc? = kT,: 
this redshift is | +z, =6.010°87'(m,/1 MeV). Soon thereafter 
they dominate the energy density and the Universe remains 
matter dominated until its age equals their exponential decay 
time, tp; the redshift corresponding to this time is 1 +z, 
3.7 x 10''( fFm,Qh?/m, Y £> (t,/1 57°% , where f is the fraction 
of the present cosmic density made up of ‘primordial’ v,,s and 
F < 1 is the factor by which annihilation depletes the abundance 
of v,s before they decouple. F = 1 for. m,<1 MeV; for higher 
energies we use the F values given in refs 22-25 although rece! 
work by Krauss” has shown that they may need to be increase 
by factors of up to 6 if the neutrinos have majorana masses: 
This increase is insufficient to effect our results significantl 
Setting t, = 2.9 x 10*gq(m,/1 Mev)”*s so that q is the factor by 
which ¢, exceeds the value obtained by scaling from muon 
decay, and using m, =96f0h?9~ eV, the decay redshift can 
be written, 1+z,=1 "8X 107 F 83.97 gm. /1 MeVY. Weak 
interaction theory suggests that q substantially exceeds unity: 
After the v,s decay the Universe is again radiation dominated. 
and the energy density in decay products exceeds that in photons 
and ‘primordial’ v,s and v,s by a factor 14F'**q°°'(m,/1 
MeV)’. The age of the Universe when the primordial rS- 20 
nonrelativistic (at 1+z, =5.8x10°0h?8) is reduced “from 
the value in a standard v-dominated Universe by the square 
root of this factor and the mass of v,s within the horizon at 
that time is reduced by its 3/2 power; this is the reduction in 


coherence scale we are looking for. The energy density of the 














rimordial DS does not exceed that of the v, decay products 


until the rather recent redshift, 1+ Zeq 
3.6 x 1073 F733 g~997(m,/ 1 MeV)*(1 +z). (If m, <5 MeV aad 
some of the decay products are v,,s, the latter go nonrelativistic 
‘at Z= Ze and thereafter make a significant contribution to the 
-overall density: Below we shall ingore this special case, which 
is less favourable for galaxy formation, and set f = 1.) 
«The above considerations apply for the situation where v, > 
2v + is the only decay channel. This will be the case for purely 
leptonic decay at moderate energies, but it is unlikely to hold 
‘when m, > 2m,, since the extra channel v, > v +e" +e” becomes 
energetically accessible. For completeness as well as generality, 
‘however, we will discuss first the case in which v,>2v +P is 
the only channel both above and below | MeV. We will then 
iscuss the perhaps more realistic case when charged decay 
products appear above 1 MeV. Of course, in the latter case, 
‘adiative decay will take place just below | MeV through virtual 
‘pair production as a one-loop higher order correction, in which 
~»u+(e*e” > y). However, for energies significantly below 
I MeV this process will be strongly suppressed, and therefore 
introduce only small corrections to our main conclusions. 
© Figure 3 gives constraints on m, and t, when the heavy 
neutrino decays into other neutrinos only. We impose a very 
‘conservative upper bound on t, by requiring that the Universe 
should be no longer radiation dominated at the epoch when the 
first nonlinear structures formed. A lower limit comes from 
requiring a sufficient reduction in the coherence length. The 
range of acceptable parameters can be narrowed further using 
imits on the anisotropy of the microwave background radiation. 
For the constant curvature fluctuation spectrum predicted by 
inflationary models*’”’, application of the methods of Peebles”? 
shows that the observed upper limit on correlated temperature 
fluctuations at 10° (ref. 30) requires 1 +Z. > 840 for Q=1; a 
more restrictive limit applies if Q < 1. This constraint lowers the 
upper limit of Fig. 3 by a factor of at least 2,000 and brings it 
Near to coincidence with the lower bound (line 3). Less stringent 
limits on z., are found if the initial fluctuation spectrum is 
assumed to contain less power on large scales than a constant 
Curvature spectrum, 

In the gravitino-dominated universes for which Bond et al?! 
present detailed calculations, the ratio (1 +z,)/(1+z,,) takes 
the value 506; we find the same value if 
| pear ion (| MeV)? = = 0.55 (which is plausible for any m, > 
0.75 MeV). For such parameters the density fluctuation spectra 
in neutrino-dominated universes will be identical in shape to 
those they give, but with characteristic mass scales increased in 
proportion to z,.° (a factor of 102 independent of cosmological 
parameters). For NQ = | these spectra are consistent with all the 
constraints given above but they lead to z,, = 339 for Oh ge 
0.3 and so violate the background radiation constraint just 
‘discussed. 

“Let us now consider what will happen if v,>v+e*+e~ 
becomes available as a decay channel for m, > 1 MeV. In this 
ase, Fig. 3 applies for m, < 1 MeV, while Fig. 2 applies with 
me modification for m,> 1 MeV. The main difference is that 
euterium destruction will be less efficient than indicated by 
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fine 5 in Fig: 2, because direct photofission now has to b 


replaced by two other mechanisms. The first mechanism is the 
spallation of deuterium by a direct decay product (e* or e”), 
and is less efficient because these particles will lose energy 
rapidly through inverse Compton scattering off the ambient 
photons. The second mechanism is photofission of deuterium ` 
by background photons which have been Compton scattered to 
high energy by the decay products. To reach the spallation 
threshold energy in a single inverse Compton scattering event 
becomes increasingly difficult with time, because the necessary 
energy amplification factor for a typical background photon 
increases. The resulting requirement is [t,/ls]< 
0.3 x[m,/1 MeV]*. This line happens to coincide closely with 
the right- ‘hand side of line 3 in Fig. 3 

order contributions to the vy decay ane where only a virtual 
e'e” pair is produced, which immediately decays into a photon. 
These energetic photons again threaten deuterium survival, 
although the rate of deuterium spallation is less than in the 
purely radiative case by the ratio of the two decay channels 
mentioned above. To summarize the leptonic decay case, we 
can take Fig. 3 and exclude the whole region 1 < m, < 10 MeV 
(see line 4 in Fig. 2). The possibly allowed regions left over are 
a small, perhaps nonexistent, triangle at the left of this excluded 
band, and a region to the right. This last region is bounded 
above by line 2, or a lowered version of it, below by line 3, and 
to the right by line 4. It is bounded on the left by line 4 from 
Fig. 2, or by a more stringent constraint if deuterium spallation 
by energetic decay photons is sufficiently effective. 


Conclusions 


The dark matter in the Universe is thought to be non-baryonic. 
If it is made of particles known to exist from laboratory experi- 
ments, and if the standard big-bang cosmology is correct, there 
must be two massive neutrino species. The heavier must have 
a mass in the range 0.1 MeV< m < 0.25 GeV and must undergo 
decay on a time scale in the range shown in Fig. 3. Upper limits 
on large-scale anisotropy in the microwave background reduce 
this range to a narrow strip in the neighbourhood of its lower 
limit if one requires a constant curvature initial fluctuation 
spectrum. The lighter neutrino must have a mass of order 30 eV 
and must have a very long lifetime (t,> 10's (v> vei) or 
t, > 10 5 (v vy) [refs 32, 33]). Cosmologies in which all 
neutrino species are stable give rise to coherent structures which 
are too large to be consistent with the observed galaxy distribu- 
tion. There seems to be no natural reason why the parameters 
of real neutrinos should lie in the narrow ranges required to get 
a viable cosmology. If they do lie in these ranges a neutrino- 
dominated cosmology is consistent with overall scaling con- 
straints; however, a detailed study of galaxy formation might 
still show it to be inconsistent with observation. 
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Coesite is reported for the first time from the Caledonide orogen. It occurs as inclusions in clinopyroxene in. the 


dolomite-eclogite at Grytting, Norway, and provides valuable new evidence to support the hypothesis of extremely hi 





pressure (> 30 kbar) in certain Norwegian eclogites. This finding has implications for the geodynamics and kinetics of tl 
concepts of microscale intracrystalline tectonic overpressure and of macroscale local or regional tectonic overpressure, and 
for the hypotheses of subduction and obduction involving a more than 100 km vertical component of transport. 








ALTHOUGH the rare mineral coesite, a high-pressure polymorph 
of SiO,, is well known in certain nodules in kimberlite pipes', 
in tektites’, in craters formed by meteorite impacts or by TNT 
or nuclear explosions’ and in very high pressure experimental 
syntheses’, it was completely unknown in the terrestrial crust 
until very recently, when it was discovered as a relic in SiO, 
inclusions. in garnet, in an eclogite facies garnet—quartzite in the 
Alpine orogen of Italy**. Here I describe the second known 
occurrence in a crustal environment (previously mentioned very 
briefly in refs 6 and 7); it differs significantly from that in Italy 
in the chain-silicate nature of the host mineral, the basic bulk- 
rock chemistry of the host rock, and its much greater age 
(400 Myr). 


Sample 


Rock sample C51 was collected from the complex of eclogite 
pods-at Grytting in the Selje district in the northwesternmost 
part of the Western Gneiss Region (WGR) of Southern Norway. 
This locality", best known for its beautiful layers of ‘pegmatitic’ 
coarse-grained eclogite containing magnesite + orthopyroxene + 
phlogopite”"'', has recently become a protected site (sample 
C51 was collected with many others several years ago but has 
only recently been sectioned); the locality is mapped in ref. 10 
and photographed in ref. 12. 

The weakly-layered rock is predominantly composed of mil- 
limetric stoichiometric clinopyroxene (Jd,,(Di+Hd),.(En + 
Fs);CaTs,) and garnet (Pyr33;Alm,.Spe,Gro9) with ~10% 
quartz, ~5% dolomite, ~1% each of clinoamphibole, rutile and 
sulphides, and traces of zoisite/clinozoisite, ilmenite and zircon. 
Typical amphibolite-facies retrogression, forming plagioclase + 
clinoamphibole microcrystalline to cryptocrystalline symplec- 
tites*"'?, is only locally developed, representing about 5% of 
the rock volume. The sample is thus assigned to the group of 
‘kyanite-lineage’ dolomite + zoisite eclogites defined by Lappin 
and Smith’? which has been described in several localities in 
the Selje district; it came from a pod adjacent to the magnesite- 
eclogite pod described above. 

Quartz occurs both in clear interstitial grains (200~2,000 pm 
long) and in inclusions (100-300 um long) within clinopyroxene 
or garnet. Some of the inclusions in clinopyroxene contain 
5--100-um long relics of coesite surrounded by polycrystalline 
strained quartz (Fig. la, b) typical of that formed by the 
coesite > quartz transition in certain nodules in kimberlite’ and 
in the Alpine garnet-quartzite*’. Other inclusions have either 
similar polycrystalline quartz without coesite relics (Fig. 1b), or 
a few larger crystals of unstrained quartz, usually 2-10 crystals 
per inclusion, which will be referred to as ‘multicrystalline 
quartz’ (Fig. Ic). Finally, some of the inclusions comprise only 
one clear quartz crystal (Fig. 1b). The whole sequence of events 
from minor transformation of coesite into quartz to complete 
quartz recrystallization is thus displayed in a single thin section 
<< (C5fgt). 


Coesite > quartz transition 


Apart from its optical properties (a higher relief and a low: 
birefringence than of quartz) and its pure SiO, composition; the 
presence of coesite is indicated by the radial fractures in t 
clinopyroxene host crystal (Fig. 1a, b, c) caused by the ~10' 
volume increase of the coesite > quartz transition; similar radi 
fractures occur around the partially transformed coesi 
inclusions within garnet at the other localities'** but coesi 
has not previously been reported and confirmed with 
clinopyroxene. Only one garnet crystal in this thin section di 
plays radial fractures around a polycrystalline quartz inclusio 
although no coesite relics are visible, its earlier presence cann 
be doubted. Of special interest is the development of concenti 
fractures in clinopyroxene around one inclusion (Fig. la). 

The coesite relics in section CS5igt were definitively identified 
with a Raman microprobe (RMP) which yielded spectra. (su: 
as Fig. 2) identical to those of other coesites confirmed by Xr: 
and electron diffraction’. As discussed by Boyer, Smith, Chop 
and Lasnier (in preparation), all of the examined natural coesit 
from diverse localities produced spectral evidence for the pre: 
ence of domains or crystallites of quartz within the coes 
structure (see Fig. 2) which is believed to indicate incipie 
transformation to quartz. 

It seems most likely that the interstitial quartz grains pre- 
viously had the coesite structure but were more easily completely 
recrystallized because of the greater freedom of movement at 
the boundaries of the clinopyroxene and garnet grains (compare 
this with the interpretation of a pre-existing garnet—coesitite in 
Italy*). However, a quartz—rutile vein reached within 3 cm of 
the thin section C51gt so that the interstitial quartz could be 
later precipitate from a fluid phase. 

There is no special textural evidence to suggest particular 
stress or shock conditions which could have generated coesite 
from quartz at a pressure less than that of its equilibrium stabili 
field, as has been done experimentally in extreme strain-ra 
conditions”, Given the temperature (T) range of 700-850 °C. as 
the minimum temperature of eclogite-facies equilibration of t 
carbonate-eclogites of the Selje district'®'', the presence o 
coesite attests to a minimum pressure (P) of 27.5~-29.5 kbai 
within the coesite crystals. 

Given the characteristic textural features of pre-existing coes 
(radial fractures emanating from polycrystalline or multicrysta 
line quartz inclusions, see above), it is quite probable that other 
coesite localities will soon be found in the Caledonides and in 
the Alps. Sample C254, a quartz-eclogite from the eclogit: 
ultrabasite~anorthosite-gneiss complex at Hessdalen’, Norway 
(50km ENE of Grytting), displays such a texture (Fig. 1 
suggestive of the earlier presence of coesite, but this cannot 
proved. The same clinopyroxene host crystal also displays well- 
developed orientated needles of quartz (Fig. ld, structure 
confirmed by RMP’) exsolved from a pre-existing: non- 
stoichiometric supersilicic pyroxene'*'*, a texture quite common 





Fig. 1 SiO, inclusions in Norwegian eclogite clinopyroxenes: sample C51 gt, Grytting (a, b and c); sample C254, Hessdalen (d); plane-polarized 
light, a and c; crossed polars, b and d. a, Coesite relic CS1. The inclusion (140 x 110 pm) contains two large and several small relics of coesite 
(high relief) surrounded by polycrystalline quartz (white). Fractures in the host clinopyroxene radiate out from the inclusion towards the 
clinopyroxene grain boundaries. Concentric fractures are also visible. Minor late symplectitic alteration (dark fuzz) occurs locally. b, Three 
differing inclusions. Radiating fractures are evident in all three cases but are best developed around the central inclusion (160 pm Jong) which 
-is the only one still containing a coesite relic (CS5, 10x10 pm, indistinguishable with crossed polars but visible in plane-polarized light and 
confirmed by RMP). Polycrystalline quartz fills the central and left inclusions (variable white-grey-black birefringence) while a quartz 
monocrystal (dark grey) occupies the right inclusion. Also visible: garnet (black); dolomite (white, top right); another clinopyroxene (white, 
top centre); symplectite (dark fuzz). c, Two multicrystalline inclusions ~300 pm long with straight parallel edges and comprising six or seven 
individual clear quartz crystals. One inclusion has a bent “T’-shape (? twin relationship). Radial fractures are poorly developed. Other crystals 
(top right): garnet (black), clinopyroxene (white, dark-grey). RU, rutile inclusions. d, A round multicrystalline 200-um diameter inclusion 
„resembling those in Fig. 1c, comprising four quartz crystals (the black rectangle is a hole in the thin section). A series of short fractures radiate 
outwards. The clinopyroxene host (light-grey) and the clinopyroxene to the left (medium-grey) are full of regularly spaced parallel needles 
of quartz (confirmed by RMP) exsolved from pre-existing supersilicic pyroxene. Symplectitization occurs only locally (coarse lobate crystals, 
bottom right). 


in quartz-eclogites in Norway and Greenland'*. This sample 
lay, in fact, provide an important clue to the origin of the 
coesite within clinopyroxene at Grytting. If at pressures below 
the coesite > quartz transition, excess SiO, in high-pressure 

persilicic pyroxene is exsolved uniformly as orientated’? or 
non-orientated'® quartz, then perhaps at higher pressures excess 
SiO, can be exsolved as coesite which, for crystal-structural 
ind/or crystal-growth reasons, tends to accumulate at a few 
isolated nucleation points. 


. 


ion 


Crystal pressure is less easy to define and measure than rock 
of fluid pressure, especially when one approaches the Angstrom 
scale, but the pressure within an inclusion may exceed that 

ithin the rock due to different coefficients of compressibility 
and thermal expansion in the inclusion and host phases, as has 
been shown in crystal inclusions’’ and in fluid inclusions (for 

xample, higher pressure occurs in CO, inclusions within garnet 
than within quartz in some Norwegian eclogites'*). Thus, micro- 
scale intracrystalline tectonic overpressure may have played 
some part in the preservation of the coesite inclusions. However, 
it is not thought that it was a significant effect in the creation 
of the coesite, especially in view of the facility for cleavage in 
clinopyroxene. It is thus deduced that P > 30 kbar affected the 





whole coesite~dolomite—clinopyroxene—garnet paragenesis. 


If the eclogite CS5lgt was really subjected to a homo- 
geneous minimum P ~30 kbar, and assuming the validity of 
the conventional translation of lithostatic pressure into depth, 
then ~100km would be the minimum depth from which the 
rock must have been raised. If it had had a crustal protolith, 
which is quite likely, then it must first have been subducted to 
those depths along a rather high P/T gradient. A pressure as 
great as 30 kbar has previously been suggested for eclogites”™'' 
and for ultrabasites’? in Norway, but geophysicists and petrol- 
ogists have not yet managed to integrate their efforts to under- 
stand the geodynamic problems involved***'; for example, 
many plate tectonic model cross-sections proposed by geophy- 
sicists still either ignore eclogites or treat only theoretically ideal 
eclogites which are rather different from natural ones which 
may contain several of the more than 40 different mineral species 
recorded in eclogites (see the table in ref. 12 and p. 330 of ref. 
6). The mechanical problems of raising the dense ecolgites now 
found within a continental setting is not confined to Norway as 
pressure estimates in eclogites from several other orogens have 
recently been revised upwards from 5-10 kbar to 15-20 kbar, 
thus corresponding to ~60km depth, for example in Algeria 
(Hoggar*’), Austria (Tauern™), France (Vendée™*), Germany 
(Miinchberger®*) and Italy (Sesia-Lanzo“ and Dora-Maira** 
(> 20 kbar)). 

A major development from the First International Eclogite 
Conference (1982) was the importance attached to the role of). 
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Fig.2 An RMP spectrum from coesite relic CSI (Fig. ta) exhibit- 

ing all the characteristic peaks of coesite (CS) and some of quartz 

(QZ). Laser; 400 mW at 514.5 nm; 300-ym slits; 2-s counting at 

0.5 wavenumber steps. For full details see Boyer, Smith, Chopin 
and Lasnier (in preparation). 


deformation and shearing in the creation of eclogites (for 
example, in Algeria”, Italy”, Norway? and Spain”), 
although there was considerable discussion over whether the 
“key factor was a relative lack of reactivity in adjacent non- 
deformed rocks subjected to equal pressure, or an excess stress 
(some kind of tectonic overpressure) in the deformed rocks (see 
pp. 331-333 in ref. 6). 

We are thus not constrained to assume that eclogites were in 
general subjected to homogeneous lithostatic pressure. The con- 
cept of tectonic overpressure is an old one but it has long been 
out of favour, although blueschist terranes, particularly in 
California*', New Caledonia’? and other circum-Pacific ter- 
ranes, often provide geological evidence for such an overpress- 
ure as the estimated pressure cannot be accounted for by the 
maximum load of the presumed overlying material. ‘Tectonic 

© Overpressures of more than a few hundred bars are not supposed 
to be possible in nature because of the limiting factor of the 
yield strength of rocks as measured experimentally; for example, 
Brace et al.” state that: “. .. tectonic overpressure depends upon 
rock strength. Obviously, if rocks undergoing metamorphism 
have little or no strength, then stress could not build up, no 
overpressure would exist ..."". However, the possible existence 
of small continuous pressure gradients, which would never 
approach the yield strength of the crystals and rocks concerned, 
does not seem to have been adequately disproved. Thus, for 
example, a pressure gradient of 1 barmm™' (only | bar per 
average | mm-thick crystal) leads to 10 kbar per 10 m. Adding 
one or two orders of magnitude to allow for weaknesses in the 
boundaries of crystals and of rock units suggests that a 10 kbar 
pressure difference could exist for a certain time over only 
100-1,000 m. Smith® argued for the need to consider dynamic 
as well as static pressure; the former could perhaps be created 
by fluid expulsion from minerals, by shearing, or by 
heterofenous horizontal movement during lithospheric inter- 
digitation (for example, if two colliding slices (plates or nappes) 
become stuck together while the overlying and underlying slices 
slide above or below their counterparts). 

It is thus suggested that dynamically stabilized non-lithostatic 
continuous pressure gradients could exist for long enough to 
allow pressure-sensitive mineral reactions to occur (many reac- 
tions in laboratory experiments need only a few hours or days). 
These inferred gradients could account for the generation of 
high-pressure rocks at lesser depths than if only homogeneous 
lithostatic pressure was applicable, thus alleviating some of the 

-geodynamic problems of eclogite uplift. In other words, a 
dynamically produced overpressure might be sustained (by con- 
tinualfy supplied stress) for some time before its dissipation—in 





~ it manage to survive transport to the Earth's surface. 








Fig, 3 P-T diagram 
showing some recent esti- 
mates from the WGR, 
Norway. Dashed poly- 
gons represent fields of 
specific estimates for 
orthopyroxene-free eclo- 
gites from Nordfjord 
(No) and Sunnfjord (Su); 
mean estimates for ortho- 
pyroxene-bearing — eclo- 
gites (including Grytting): 
analysed Fe?* (Mi); calcu- 
lated Fe?* (C1) (all from 
refs 42-44). Solid quadri- 
laterals: uncertainty limits 
for the initia) (I-i) 
amphibole-free eclogite- 
facies stage'', early (E-E) 
amphibole-bearing eclo- 
gite-faciés stage?! and 
symplectitic (S) amphi- 
bolite-facies retrogressiofi 
stage!” in eclogites with 
carbonate and/or ortho- 
pyroxene from the Selje 700 
district. All other pub- TCO) 
lished P-T estimates for gneisses or eclogites in the WGR lie 
below the Ab = Jd +Qz curve (from ref: 49) which represents the 
maximum pressure accepted by Griffin et al“ and others 4-46, 
Note that the position of the coesite > quartz curve? supports the: 


earlier ideas of a distinction in pressure between stages I and’ 
FI 18.80 
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a manner analogous to the sustenance of dynamically produced 
“overtémperature’® around an igneous intrusion which causes 
contact metamorphism (due to inhomogeneous non-lithostatic 
temperature) before the eventual dissipation of the overtem 
perature. 

This concept of a macroscale local or regional tectonic ovel 
pressure may seem startling, but dynamically stabilized no 
lithostatic continuous pressure gradients occur every day in the 
laboratory (for example, a 40 kbar pressure difference between 
the centre and edges of a ~10cm-~, radius, traditional piston 
cylinder press), so why should they not occur (even briefly) i 
nature? 

The preservation of such dynamically formed high-pressure 
parageneses would seem to require simultaneous dissipation of 
pressure and temperature for example, by rapid tectonic uplift 
(possibly assisted by partially adiabatic processes), but this 
geodynamic/kinetic problem is also posed in the case of the 
alternative conventional homogeneous lithostatic pressure 
model. ao 

Radial cracks around monocrystalline quartz inchisions 
within garnet, clinopyroxene or glaucophane in an eclogite from: 
Shubino, USSR, and in garnet in an eclogite from Münchberg 
Germany, were briefly reported many years ago™*. After discuss 
ing various possible effects of the compressibility or therma 
expansion of quartz and the catalysis of coesite growth, thos 
workers considered the retrograde transformation of pre-existin; 
coesite into quartz to be the “most plausible” interpretation. 
Radial cracks around multicrystalline quartz inclusions in garnet 
in another eclogite (sample FTS4) from the Miinchberger Gneiss 
Massif have been observed by Smith, Thomas and Franz (in. 
preparation), thus corroborating Chesnokov and Popov’s data”? 
as does the inferred preservation in some Miinchberger eclogites 
of pumpellyite at T > 600°C (ref. 25) which would require a 
extremely high pressure. 

Coesite is now known or indicated in four major Eurasian 
orogenic belts (Alps, Caledonides, Hercynides, Urals) and in- 
xenoliths in the Siberian’**° and South African' kimberlite. 
provinces which may represent previously subducted crustal 
rocks®?’, Coesite may thus be regarded as a mineral producec 
routinely during lithospheric plate collision, but only rarely doe 












































Norwegian eclogites 
There are many facets of the international controversy over the 
origin of eclogites in Norway, such as the P-T conditions of 
etamorphism, geochronology, protolith type and the foreign 
‘tectonic introduction compared with in situ metamorphic origin. 
‘Some recent developments concerning eclogites in Norway are 
eviewed in refs 38-40, but the discovery of coesite has a pro- 
‘ound impact on this controversy and merits a few comments 
here. 
Equilibrium pressure in Norwegian eclogites, estimated by 
advocates of the in situ model, rose substantially during the 
1970s from <10 kbar to <23 kbar (ref. 41) and has recently 
ettled at ~20 kbar (refs 42~46). In particular, Griffin et al^ 
‘declared that “Paas is limited to 20 kbar since the albite = 
jadeite + quartz (Ab = Jd+Qz) transition was not exceeded”. 
However, for the carbonate-bearing eclogites in the Selje district, 
very high P (~20kbar or more) has been consistently 
“maintained by advocates of the foreign model?! "384748 for the 
early (stage E) eclogite-facies equilibration [15-28 kbar (ref. 10); 
17~29 kbar (ref. 11)]. Extremely high pressure was also tenta- 
tively deduced for the initial (stage 1) eclogite-facies equilibrium 
[in the ranges 30-45 kbar (ref. 10); 20-40 kbar (ref. 11)], based 
on the low-Al content of orthopyroxene coexisting with gar- 
net”'>** and on the coexistence of magnesite +diopside'®"' (Fig. 
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3), although Lappin and Smit 





h'™ l emphasized that these es: 
mates were open to doubt. The presence of coesite at Grytting 
now consolidates those extremely high pressure estimates and 
provides durable evidence that the Ab=Jd+Qz reaction was 
exceeded (by at least 8 kbar at 800 °C, Fig. 3); it again underlines 
the importance of these carbonate-bearing eclogites. 


Conclusions 


The presence of coesite is believed to indicate P = 30 kbar in 
the whole dolomite-eclogite paragenesis at Grytting, rather than 
disequilibrium or substantial microscale intracrystalline tectonic 
overpressure. The hypotheses of uplift from 2100 km depth (the 
homogeneous lithostatic pressure model) and of uplift from 
much lesser depths (the macroscale local or regional dynami- 
cally stabilized non-lithostatic tectonic overpressure model) are 
both retained, the latter being favoured slightly more than the 
former. In either case, current geodynamic models of litho- 
spheric plate interaction need revising to take account of extraor- 
dinary vertical components of movement and/or of 
inhomogeneously distributed isobars. 
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DNAs from cell lines derived from many human and rodent 
tumours contain altered ras genes capable of the tumorigenic 
and morphological transformation of NIH 3T3 murine fibro- 
blasts. There are three known members of the human ras 
gene family, c-Ha-ras, c-Ki-ras and N-ras, the classification 
depending on the extent of homology with the oncogenes of 
Harvey (Ha) and Kirsten (Ki) sarcoma viruses and with the 
transforming gene first encountered in the SK-N-SH neuroblas- 
oma line (see ref. 6 for a recent review), All members of the 





ras gene family encode immunologically related proteins of 
molecular weight ~21,000 which have been termed p21s’. The 
cloning and characterization of viral ras genes’ and of normal 
and activated cellular Ha-ras, Ki-ras and N-ras genes have 
recently been described*"'’, The polypeptides encoded by these 
genes consist of 188-189 amino acids, diverge from one another 
most notably in their carboxy- terminal regions and are 
oncogenic when particular amino acid substitutions occur at 
position 12 or r position 61. 








- The functional alterations responsible for the transforming 
activity of activated human ras proteins are unknown. Subcel- 
lular fractionation and electron microscopic evidence has indi- 
cated that both normal and oncogenic p21s are present at the 
inner surface of the plasma membrane’®!'’ and exhibit similar 
degrees of post-translational acylation'®. Guanine nucleotide 
binding'’, which is the only known biochemical activity of the 
Shuman ras proteins, seems to be similarly unaffected by activat- 
ing mutations'*. In addition to its guanine nucleotide binding 
activity, v-Ha-ras p21 displays an autophosphorylating activity 
in vitro’? which is thought to account for the population of viral 
p2i whieh i is phosphorylated on a threonine residue at position 
59 in vivo”. Cellular p21 is not phosphorylated?', presumably 
because it lacks the threonine residue at position 59 (refs 10, 22). 
In an attempt to explore the biochemical basis for the trans- 
forming activity of activated human ras polypeptides, we have 
expressed both normal (glycine 12) and oncogenic (valine 12) 
versions of the human c-Ha-ras cDNA in E. coli, each with 
either the cellular (alanine) or viral (threonine) codon at position 
59, introduced by site-directed mutagenesis. The nucleotide 
binding properties and autophosphorylation activities of these 
ras polypeptides have been examined. In addition to the ability 
to bind GTP specifically, and in some cases to autophosphory- 
late, we have detected a GTPase activity which extensively 
co-purifies with the bacterial p21 ras polypeptides. In contrast 
to the nucleotide binding potential, a mutation which activates 
the transforming potential of the polypeptide strongly impairs 
this GTPase activity. 


Isolation of c-Ha-ras1 cDNA clones 


To provide an enriched source of mRNA for the isolation of 
ras-specific CDNA clones required for bacterial expression of 
p21, we exploited vectors which place either the normal human 
c-Ha-ras! gene (encoding a glycine at position 12) or the acti- 
vated T24 bladder carcinoma homologue (encoding a valine at 
position 12) under the transcriptional control of the simian virus 
40 (SV40) early promoter'®. These plasmids contain an SV40 
replication origin which permits their efficient propagation in 
COS-1 cells, a monkey cell line which is constitutive for SY40 
T-antigen synthesis”. After transfection of COS-1 cells the plas- 
mids. direct the synthesis of significant amounts of mRNA. We 
estimate that approximately 1% of the total poly(A)” RNA 
contains ras-specific sequences by 72 h, representing an increase 
of 50-fold over the ras mRNA level found in T24 bladder 
carcinoma cells™. mRNA isolated from COS cells transfected 
with the appropriate plasmids was used to prepare c-Ha-ras 
cDNA libraries (see Fig. | legend). 

Nucleotide sequence analysis of such c-Ha-ras! cDNAs 
revealed: a continous open reading frame of 567 nucleotides 
capable. of encoding a polypeptide of 189 amino acids, with the 
normal and T24 bladder carcinoma-derived clones being distin- 
guished by the alteration in the codon for amino acid position 
12, as predicted from previous analysis of these genes'”’*. The 
three introns known to disrupt the c-Ha-ras| coding sequences 
were correctly spliced during mRNA maturation. Each cDNA 
contained a 3’-untranslated region of 394 base pairs (bp) which 
was contiguous with the gene sequence, terminating with a 
poly(A) tract 16 nucleotides 3’ of the hexanucleotide AGTAAA 
which may represent the polyadenylation signal sequence of the 
c-Ha-ras transcript (data not shown) 7, 


Expression of c-Ha-ras p21 protein in E. coli 


The approach taken to obtain efficient expression of p21 in E. 
coli involved the construction of plasmids which place the 
initiator methionine codon of each c-Ha-ras! cDNA immedi- 
ately adjacent to a strong bacterial promoter and ribosome 
binding site. A fragment encoding amino acid residues 6-110 
of p21. ras was isolated from both normal and activated c-Ha- 
- ras1.cDNA clones and ligated to a synthetic DNA fragment to 
“restore the codons for the first five amino acids of p21 and to 
create an EcoRI cohesive terminus. The resulting fragment was 
F ned toa DNA segment coros the carboxy: terminal portion 














Specificity of GTPase activity and requirement for divalent 
cations 


Table | 





Unlabelled nucleotide Relative dGTP hydrolysis 


— 1.00 
dATP 1.00 
ATP 1.07 
ADP 1.00 
GTP 0.01 
GDP 0.07 
GMP 0.98 
dCTP 0.96 
CTP 0.81 
CDP 0.93 
dTTP 0.92 
UTP 0.65 
EDTA 0.02 
Ca?* 0.47 
Mn** 0.84 





Bacterially-derived p21 (Gly 12) was purified to ~95% homogeneity 
by extraction of the Nonidet P-40 (NP40)-insoluble bacterial fraction 
with urea (see Fig. 5), chromatography on Sephadex G75, dialysis 
against 50 mM Tris pH 7.5, 0.1 mM EDTA, and selective precipitation. 
with 45% ammonium sulphate. GTPase reactions (0.1 ml) contained 
0.1 pg p21, 50mM Tris pH 7.5, 10mM MgCi,, 0.5 mM dithiothreitol 
(DTT), 1.3x10°°M [a-P]-labelled dGTP, and, where indicated, 
unlabelled nucleotides at 1.3 x 10°°M. To test divalent cation requir 
ments, MgCl, was omitted from the reaction mixtures, replaced with: 
10 mM EDTA, 10 mM CaCl, or 1 mM MnCl, as indicated. The relative 
extent of dGTP hydrolysis was determined following resolution of th 
reaction products by chromatography on PEI cellulose pilates as 
described in Fig. 5 legend. 


of p21 and a portion of its 3’-untranslated region. The reconstruc: 
ted gene was then inserted inte a trp promoter expression 
plasmid”, as illustrated in Fig: 1A. 

Recombinant plasmids having the required structure, and 
encoding either glycine (pGAtrp) or valine (pVAtrp) at position 
12, were identified and tested for the production of p21 by 
growing bacterial cells transformed with each plasmid in cond 
tions of tryptophan depletion, which derepresses the trp pro- 
moter. Total cell extracts were prepared at various times 0 
growth and proteins visualized following electrophoresis ‘on 
SDS-polyacrylamide gels. As seen in Fig. 1B, cells transformed 
with pGAtrp accumulate a prominent protein migrating with 
an apparent molecular weight of 23,000. A similar profile is 
observed in induced cells transformed with pVAtrp (data: not 
shown), while induced cultures. of cells transformed wit 
pBR322 do not express this polypeptide (compare lanes j and 
(-) in Fig. 1B) suggesting that it represents the translational 
product of the c-Ha-ras gene. Both proteins migrate with an 
apparent molecular weight slightly larger than that of mature. 
p21, probably due to the inability of E. coli to carry out the 
post- -translational modification (believed to represent an acyl 
tion reaction?) which p2i undergoes i in mammalian cells (our, 
unpublished results). When grown in optimal induction cond 
tions, this protein represents 5-10% of the total intracellula 
bacterial protein. 











In vivo phosphorylation 


One of the amino acid differences which distinguishes the c-Ha. 
ras| gene product from its viral counterpart is the substitution. 
of an alanine at position 59 for a threonine'®”*. In viral p21, 
this threonine residue serves as the substrate for phosphorylation 
in vivo and in vitro™, whereas the cellular protein has not been 
found to be extensively phosphorylated”. Recently, hybrid cel- 
lular/viral ras genes have been constructed which encode p21. 
polypeptides. Those containing a threonine residue at position 
59 are phosphorylated in vive and apparently autophosphorylate. 
in vitro™. This suggests that human p21 is not phosphorylated. 
because it lacks an appropriate phosphate acceptor site. To 
establish this directly, we introduced a specific mutation (GCC 


ACC) into the two. human p21 ras expression plasmids in orde! 
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to convert the alanine codon at position 59 to a threonine codon. 
‘This avoids the additional amino acid changes which typically 
accompany the design of cellular/viral hybrid genes. The 
strategy for site-specific in vitro mutagenesis is outlined in Fig. 
2 legend. The appropriate mutations were then introduced into 
the original trp promoter expression vector (Fig. 1), yielding 
vectors pGTtrp (Gly 12, Thr 59) and pVTtrp (Val 12, Thr 59). 

E. coli strains transformed with the four ras expression plas- 
mids were analysed to determine whether the presence of a 
threonine residue at position 59 permits the human p21 to 
become phosphorylated; and if so, whether the amino acid 12 
alterations associated with the activated protein influence the 
extent of phosphorylation. Bacterial cultures transformed with 
the four versions of p2! ras expression vectors were labelled 
with *’P-orthophosphate for Ih, after which time total cell 
extracts were analysed by SDS-gel electrophoresis and 
autoradiography. Figure 2 (left panel) illustrates the total poly- 
peptide profile as visualized by Coomassie blue staining and 
confirms that comparable levels of the four ras polypeptides 
are present. It is noteworthy that each displays a unique elec- 
‘trophoretic mobility, consistent with previous descriptions of 
: řas polypeptides which exhibit altered electrophoretic mobility 
iasa consequence of single amino acid substitutions". As shown 
in the autoradiogram in Fig. 2 (right panel), human Ha-ras p21 
is indeed phosphorylated when expressed in E. coli, but only 
when a threonine is present at position 59. The extent of phos- 
phorylation in £. coli appears not to be affected by the activating 
mutation at codon 12, since similar levels of phosphate 
“gate incorporated into the glycine 12 protein as the valine 12 
protein (compare lanes b and d). In addition, there is no 








Fig. 1 A, Construction of Ha-ras p21 bacterial expression plas- 
mids. c-Ha-ras] cDNA clones were derived from COS-1 monkey 
cells transfected with SV40—Ha—ras chimaeric plasmids. ‘The plas- 
mids, pSVET24 (Val 12) and pSVEPBL (Gly 12), contain the 
human cHa-ras gene under the transcriptional control of the SV40 
early promoter'’. The coding region of p21 was assembled from 
a synthetic DNA duplex containing the first five amino acids and 
two fragments isolated from the cDNA clones, as shown, The 
synthetic DNA duplex incorporating an EcoRI site adjacent to the 
first five amino acids of p21 was joined to cDNA sequences 
encoding the remainder of p21 and inserted into a vector containing 
an E. coli trp promoter and ribosome binding site as shown. Coding 
and untranslated regions of the cDNA are indicated by an open 
box and solid line, respectively, as well as the positions of the 
codons specifying residues 12 and 59 (see text). B, Analysis of 
total cellular proteins in E. coli transformed with recombinant 
vectors. E. coli were transformed with pGAtrp and grown to the 
following Asso values in a fermenter: lane a, 8; b, 14; c, 20; d, 25; 
e, 30; f, 35; g, 38: h, 41; i, 44; j, 48. Lane ( — } represents the profile 
from cultures transformed with pBR322 and grown to Assa = 48. 
Proteins were visualized by Coomassie blue staining following 
electrophoresis on 12% SDS polyacrylamide gels. Molecular 
weight markers (Bio-Rad) were electrophoresed in parallel (lane 
M). K represents 1,000 daltons. 

Methods: A, COS-1 monkey cells were transfected with each plas- 
mid separately by the DEAE-dextran method’! ; 3 days after trans- 
fection, total cytoplasmic RNA was prepared and poly(A) RNA 
isolated by oligo(dT)-cellulose chromatography“. Double- 
stranded cDNA was prepared, using oligo(dT}, >is as the first 
strand primer***, and cDNAs greater than 600 bp in size were 
extended with dCMP residues, using terminal deoxynucleotidyl 
transferase, annealed to PstI-digested pBR322 similarly tailed with 
dGMP residues and introduced into competent E. coli™®. The 
resulting tetracycline-resistant clones were screened by colony 
hybridization” using a radiolabelled probe prepared from the T24 
oncogene BamHI-Sphl fragment'®. Full-length clones were ident- 
ified by the presence of the EcoRI site introduced at the junction 
between the SV40 early promoter and c-Ha-rasi gene. B, Total 
cell lysates from 310’ cells were prepared for SDS-gel elec- 
trophoresis as described elsewhere”. 


evidence to suggest that p21 catalyses the phosphorylation of 
any host proteins. 


GTP binding properties 


Predictions of the three-dimensional structure of the p21 
molecule indicate that substitution of the glycine residue at 
amino acid position 12 might profoundly affect either the affinity 
or specificity of nucleotide binding™”'. By using a protein 
blotting technique, we have directly assessed the relative affinity 
and specificity of nucleotide binding by normal and tumour- 
associated ras proteins. Unfractionated cell lysates from induced | 
bacteria carrying the ras expression plasmids were resolved on 
SDS-polyacrylamide gels and electrophoretically transferred to 
nitrocellulose filters. The filters were then incubated in a binding 
buffer containing **P-labelled nucleotides, washed and 
autoradiographed. As illustrated in Fig. 3, lystates derived from 
E. coli transformed with c-Ha-ras expression plasmids contain 
a polypeptide which specifically binds [a-*?P]dGTP (or GTP, 
data not shown). No detectable binding was observed with 
either dCTP or dATP, properties characteristic of p2! ras 
isolated from mammalian cells'*. The failure to observe a GTP 
binding component in bacteria not expressing this gene, and 
the exact co-migration of the guanine nucleotide binding com- 
ponents with the p21 proteins conclusively establishes the bind- 
ing activity as a property intrinsic to the ras molecules. 

The nucleotide binding experiments depicted in Fig. 3 indicate 
that there are no major alterations in the ability of p21 to bind l 
guanine nucleotides which correlate with the activating lesion 
at positions 12, consistent with previous reports examining GTP a 
binding activities associated. with normal and activated p2ls, 











immunoprecipitated from mammalian cells'*. The specificity of 
nucleotide binding also appears unchanged between normal p21 
and its tumorigenic variant. There are, however, significant 
differences in GTP binding affinities between the ras proteins 
with an alanine residue at amino acid 59 and those with a 
threonine at this position. As seen in Fig. 3, the threonine 59 
mutants of p21 bind GTP less well than the alanine 59 versions 
of this protein. This mutation, however, has no apparent effect 
on the specificity of nucleotide binding. 


Autophosphorylation of Thr 59-substituted p21 


Both the normal and the activated versions of p21 engineered 
to contain a threonine residue at position 59 undergo phos- 
phorylation in vivo as shown in Fig. 2, presumably because 
the presence of a suitable phosphoacceptor site enables the 
visualization of a cryptic autophosphorylating activity. This 
was directly confirmed by in vitro assays. Nitrocellulose filters 
bearing resolved whole-cell lysates of ras-expressing E. coli 
strains were incubated in the presence of [y-*°P]dGTP (or 
GTP), washed as described above and autoradiographed. The 
profiles of polypeptides which associate with this labelled 
guanine nucleotide were similar to those observed with [a- 
2 P]dAGTP (Fig. 4A). The filters were then washed for 2h with 
2% SDS at 60°C, conditions expected to remove all non- 
covalently bound label. Figure 4B shows that these washing 
conditions remove all y-labelled GTP from the p21 polypetides 
containing alanine at position 59. In contrast, the threonine 59 
mutants retain much of the °P label despite the vigorous washing 
‘manipulations, strongly indicating a covalent attachment of the 
y-phosphate to this version of the polypeptide. 

E. coli lysates containing the threonine 59 versions of the ras 
proteins display a p2! doublet after incubation with labelled 
dGTP (Figs 3, 4). The faster migrating species corresponds in 
size to unphosphorylated non-acylated p21, while the slower 
runs at the position expected for its phosphorylated derivative, 
pp21 (ref. 32). These experiments demonstrate that both p21 and 
pp21 can bind GTP and carry out autophosphorylation, and 
indicate that the isolated polypeptide is capable of exchanging 
the covalently bound phosphate. As neither species bearing an 
alanine at position 59 becomes phosphorylated, it seems that the 
threonine present at this position in the phosphorylated proteins 
serves as the phosphoacceptor site, although confirmation of this 
awaits direct analysis. With respect to their ability to catalyse 
this autophosphorylation reaction, a consistent difference is 
observed between the normal (Glyl2) and activated (Val12) 
versions of the ras protein as measured by this assay. The 
activated polypeptide generally displays a 2-3-fold elevated level 
of in vitro autophosphorylating activity compared with the nor- 
mal ‘protein. In view of the observation that this enhanced in 
vitro activity is not reflected in in vivo experiments (Fig. 2), the 
significance of this observation is unclear. 


p21-associated GTPase activity 


The intrinsic ability of the ras proteins to function as phos- 
photransferases raised the possibility that they possess a coupled 
hydrolytic activity, as is often the case for phosphoryl group 
transferring enzymes*’. This was more specifically suggested by 
the functional and structural similarities between the family of 
ras proteins and several other cellular macromolecules such as 
transducin™’, elongation factor-Tu*> and mitochondrial ATP- 
synthase’, all of which have in common both purine nucleotide 
binding and nucleotide triphosphatase activities. To address this 
possibility, we assayed extracts of E. coli transformed with 
pBR322, pGAtrp and pVAtrp for the presence of a guanine 
nucleotide triphosphatase activity. As p21 associates primarily 
with the insoluble component of fractionated E. coli, this protein 
was enriched by isolating this fraction from induced bacteria. 
«Polypeptides were solubilized in 8 M urea, and examined by 
SDS-polyacrylamide gel electrophoresis. This procedure 
enriches for two host proteins; in addition, significant amounts 
cofa, polypeptide corresponding precisely in electrophoretic 
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Fig.2 Phosphorylation of human c-Ha-ras p21 in E. coli. Bacteria 
transformed with pGAtrp (lane a), pGTtrp (lane b), pVAtrp (lane 
c) or pVTtrp (lane d} (identical plasmids except for codons specify- 
ing amino acids 12 and 59 of p21; see text) were grown to Asso = 1.0 
and labelled with **P for 1 h, after which time total cellular extracts 
were prepared for electrophoresis as described in Fig. | legend. 
Polypeptides were visualized by Coomassie blue staining (left: 
panel), while total cellular phosphoproteins were detected after 
autoradiography of the Coomassie blue-stained lanes. 
Methods: To convert the alanine 59 codon to threonine, EcoRI- 
Pst] fragments containing this region from the p2! expression 
plasmids and encoding either glycine or valine at position 12 were 
cloned into Mi3mp!0. Jn vitro site-specific mutagenesis was- 
performed on the resulting single-stranded phage templates using |. 
a mismatched deoxyoligonucleotide primer (5'-CTGGATAC- 
CACCGGCCAGG) (threonine 59 codon emphasized) synthesized 
by the solid-phase triester method**. Oligomers were phosphoryl- 
ated using rATP and polynucleotide kinase and annealed to single-~- 
stranded mplOras DNA. Annealings were carried out in 10 pl oo 
buffer (10 mM Tris-HCl pH 7.5, 7mM MgCl,, 0.1 mM EDTA, 50 = 
mM NaCl) containing 0.1 pmol of template DNA and 0.1 pmol 
phosphorylated oligomer and were incubated for 5 min at 55°C. 
In vitro DNA synthesis was initiated by adding 40 pl of 50 mM 
Tris-HCI pH 7.5,7 mM MgCl, 0.1 mM EDTA, | mM ATP, 100 uM 
each of dATP, dGTP, dTTP and dCTP, 5U of E. coli DNA 
polymerase I (large fragment; Boehringer Mannheim) and 400 U 
of T4 DNA ligase (New England Biolabs). After incubation for 
3h at 37°C, reaction mixtures were extracted with phenol, DNA 
was precipitated with EtOH, and 2-4% of the DNA was used to 
transform competent E. coli strain JM103. Transformation mixtures 
(300 ul) were spread onto bacterial plates (150mm), yielding 
several hundred phage plaques. Plaques were screened for the - 
presence of mutated DNA as described previously”. Following 
identification of mutant progeny phage by hybridization with a 
radiolabelled mutagenesis primer, EcoR1I~Pstl fragments contain- 
ing a threonine residue at position 59 and either a glycine or valine 
residue at position 12 were isolated from double-stranded phage 
replicative-form DNA (RFI) and cloned into a vector prepared 
from the original irp expression plasmids (Fig. 1). The structure 
surrounding the threonine 59 codon in the final expression plas- 
mids was verified by DNA sequence analysis. 


mobility to p21 are apparent (Fig. 5, left panel). When examined 
for the ability to hydrolyse GTP to GDP specifically, extracts. 
prepared from bacteria expressing the normal human ras protein 
demonstrated a significant level of GTPase. This activity was 
markedly reduced in extracts containing equivalent amounts of 
oncogenic ras polypeptide, and virtually absent in extracts of 
cells transformed with pBR322 (Fig. 5, right panel). In condi- 
tions where the reaction was proceeding with linear kinetics, 
the normal (Gly 12) ras polypeptide hydrolysed GTP with a 
turnover eightfold greater than that of the activated (Val 12) 
polypeptide (~0.2 min™'). 
To establish that this GTP hydrolysis was directly mediated 
by p21, fractionated lysates from E. coli transformed with 
pBR322, pGAtrp and pVAtrp were electrophoresed in paralle 
on SDS-polyacrylamide gels, and individual gel fraction 


assayed for GTPase activity. Figure 6 illustrates that ail the 
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Fig. 3 Binding of [a-°P] nucleotides to p21 ras. E. coli trans- 
formed with pBR322 (lane a), pGAtrp (lane b), pGTtrp (lane c), 
pVAtrp (lane d) or pVTtrp (lane e) were solubilized in SDS sample 
buffer and electrophoresed on 12% SDS polyacrylamide gels. The 
tesolved polypeptides were electrophoretically transferred to 
nitrocellulose filters’? after first equilibrating the gel in transfer 
buffer (20mM NaPO,, pH 8.0). The filters were incubated in 2 ml 
binding buffer (50 mM Tris pH 7.5, 5mM MgCl, 0.1% NP40, 
1 mg ml™' bovine serum albumin (BSA), [a-°?P]-labelled nucleo- 
tides (50 Ci, 3,000 Ci mmol”'; Amersham) as indicated for | hat 
37°C. The filters were then washed for 15 min with binding buffer 
lacking BSA and nucleotide to remove unbound label, dried and 
subjected to autoradiography, 


» GTPase activity detected in bacteria synthesizing normal 
(Gly 12) p21 co-migrated with this polypeptide. Fractions from 
extracts containing equivalent levels of activated (Val 12) p21 
show a much reduced level of GTPase activity, which again 
co-migrates with the electrophoretically distinct activated 
Species. These observations, together with the finding that 
-extracts from bacteria transformed with pBR322 lack any detect- 
“able GTPase activity, clearly establish the GTPase as a property 
intrinsic to the ras polypeptides. 

The specificity of p21 for guanine nucleotide binding has been 
well documented'®**. To determine the specificity of p21 for 
nucleotide triphosphate hydrolysis, purified bacterially-derived 
normal (Gly 12) p21 was incubated with [a-*’P]-labelled dGTP 
in the presence of a 100-fold excess of various unlabelled com- 
petitors, and the conversion of the labelled GTP to GDP was 
assessed. Table | illustrates that of the nucleotides tested, only 
‘GTP and GDP are able to competitively inhibit hydrolysis of 
the labelled dGTP substrate. GMP, ATP, ADP and various 
-pyrimidine nucleotides compete poorly, if at all, paralleling the 
“results obtained in nucleotide binding assays. The GTP hydroly- 
sis activity displays an essential requirement for divalent cations, 
whereas nucleotide binding or autophosphorylation mediated 
by v-Ha-ras p21 exhibits no such requirement'’, 


‘Conclusions 


To allow comparative biochemical analyses of the polypeptides 

: encoded by normal and activated human ras genes, we have 
‘constructed plasmids which direct the synthesis of large quan- 
tities of these proteins in E. coli, While the expression of AcII/v- 
ras gene fusions in bacteria has been described’, we designed 
expression plasmids which programmed the synthesis of com- 
plete human ras polypeptides. This minimized the chance that 
fundamental differences between normal and activated ras pro- 
téins would be obscured by an inappropriate polypeptide struc- 
ture induced by fused, heterologous amino acid sequences, 

. particularly in view of suggestions that the extreme amino- 
_ terminal domain of p21 may participate directly in nucleotide 
_ binding””'. Significant quantities of an appropriately sized 
| polypeptide arè synthesized following induction of the trp pro- 
moter. Several lines of evidence establish this polypeptide as 
the direct translational product of the c-Ha-ras cDNA. First, 
the protein is specifically induced in cultures bearing the 
<@ppropriate expression plasmid. Second, the electrophoretic 
Mobility of the expressed ras polypeptides is affected by mis- 
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Fig. 4 Binding of [y-*’P]GTP to p21 ras. Lysates derived from 
bacteria transformed with pBR322 (lane a), pGAtrp (lane b), 
pGTtrp (lane c), pVAtrp (lane d) or pVTtrp (lane e) were resolved 
by SDS-gel electrophoresis, transferred to nitrocellulose filters and 
incubated in binding buffer as described in Fig. 3 legend. A, Binding 
of [y-?P]GTP (50 pCi, 2,000 Ci mmol™'; ICN). B, Profile of 
radioactivity remaining after washing the filter extensively with 
2% SDS, 50mM Tris pH 7.5 at 60°C. 


sense mutations engineered into the p21-expression plasmids. 
Third, direct amino-terminal sequence analysis of the first 12 
amino acid residues of the bacterially expressed polypeptide 
reveals a complete correspondence with the predicted p21 
sequence (J. Bell, R. Bott, K. McKeown and A. D. L., unpub- 
lished results). 

Interest in the ras gene products has focused on two distinct 
regions within the molecule where mutational activation of the 
transforming potential has been demonstrated for both viral ras 
genes and activated cellular ras genes associated with tumours. 
To date, most naturally occurring Ha-ras activations have resul- 
ted from alterations of the codon specifying the glycine at residue 
12, although changes at amino acid 61 can also activate the 
polypeptide. The amino-terminal sequence of p21 surrounding 
glycine 12 displays some homology with the nucleotide binding 
region in the -subunit of mitochondrial and bacterial ATP 
synthase*’. In addition, the predicted structural configuration 
of this segment of the p21 molecule closely resembles that of 
the adenine dinucleotide binding unit of several enzymes”’. 
These theoretical studies led to the suggestion that the amino- 
terminal region of the ras protein is involved in nucleotide 
binding, and indicated that changes in the glycine residue at 
position 12 might profoundly affect this function. We have tested 
these predictions by using a modified protein blotting technique 
which has been used previously in the study of a variety of 
protein-ligand interactions**. By this procedure, we have 
demonstrated specific binding of labelled guanine nucleotides — 
to human Ha-ras proteins synthesized in E. coli. However, 
comparative analysis of the normal gene product (Gly 12) and 
that encoded by the T24 bladder carcinoma oncogene (Val 12) 
reveals no obvious differences in either their affinity for GTP 
or their specificity for guanine nucleotides. A profound reduc- 
tion in GTP binding was observed in ras polypeptides containing 
a threonine at position 59, but this was independent of an 
activating substitution at position 12. The significance of this 
observation awaits an evaluation of the biological properties of 
these polypeptides. It does, however, raise the possibility that 
Thr 59 may constitute a portion of the GTP binding domain, a 
notion consistent with its role as a phosphoacceptor site. 

The observation that human p21 ras becomes phosphorylated 
both in vivo and in vitro when a threonine is present at position 
59 clearly indicates that the human cellular p21 possesses this 
activity in a latent form. The demonstration that E. coli contains 
only extremely low levels of protein kinase activity’, together 
with our findings that p21 represents the major phosphorylated | 
species in bacteria expressing this gene product, lends strong. 
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Fig.5 Detection of GTPase activity in E. coli expressing human 
ras CDNAs. E. coli transformed with pBR322, pGAtrp or pVAtrp 
as indicated were grown to Asso = 1.0, and extracted with NP40 as 
described elsewhere’. Sedimenting material was solubilized with 
8M urea, and directly assayed for GTPase activity (right panel) by 
incubating 0.2-1.0 al (10-50 ng protein) with 0.1 ml[a--P]GTP 
(1 pCi, 3,000Cimmol™'), 50mM Tris pH8.0, 5mM MgCl, 
0.1mM DTT, | mM ATP for 10 min (lanes a), 20 min (lanes b), 
60 min (lanes c) or 120 min (lanes d). The products of the reaction 
were resolved by chromatography on PEI cellulose plates (Merck) 
in 1 M LiCl. The positions of GDP and GTP were established by 
visualization of markers under UV light. Polypeptides extracted 
‘into urea were analysed by electrophoresis on 12% SDS poly- 
\ acrylamide gels, stained with Coomassie blue (left panel). 


support to the conclusion that pp21 observed in vivo results 
from an autophosphorylation event. Given this, our inability to 
discern any differences in the in vivo levels of phosphorylated 
p21 implies that the kinase activity is not significantly affected 
by mutations at position 12 which activate the transforming 
potential of the polypeptide. However, we did detect modest 
differences between the Gly 12 and Val 12 versions of p21 with 
respect to this activity when assayed in vitro, in agreement with 
the recent results of Gibbs et al”. 
The recent descriptions of the structural alterations respon- 
sible for the oncogenic activation of p2l-ras have stimulated 
efforts aimed at determining the biochemical basis for the trans- 
forming activity of these mutant gene products. These attempts 
have failed to discern differences between notmal and activated 
human ras polypeptides with regard to specificity or extent of 
nucleotide binding, acylation or subcellular localization, sug- 
gesting that some additional function may be critically associ- 
ated with the activated state of the polypeptide. Thus, the 
detection of a p2l-associated GTPase which is selectively 
impaired by an amino acid substitution that activates the trans- 
forming potential of the polypeptide, invites speculation that this 
activity may have a crucial role in the process by which ras 
polypeptides transform cells. How GTP hydrolysis might be 
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Fig. 6 GTPase activity co- -migrates with the p21 polypeptida. 
Fractionated extracts (prepared as in Fig. 5) of E. coli transformed: 
with pBR322 (C1), pGAtrp (@) or pVAtrp (©) were electrophoresed 
on 12% SDS polyacrylamide gels. The gel was equilibrated in 0.2%: 
NP40, 20 mM Tris pH 8.0, and individual fractions (each 0.6 mm). 
were assayed directly for GTPase activity by immersion of the gel: 
slice in 0.1 mi buffer [50 mM Tris pH 7.5, 5 mM MgCl), 0.2% NP40; 
I mM ATP, [a-*P]GTP (1 pCi, 3,000 Ci mmol~')]. After incuba- 
tion for various times at 37 °C, aliquots were chromatographed as” 
described in Fig. 5 legend. The per cent conversion of GTP to GDP. 
was determined during the linear phase of the assay (up to 2 h) by 
Cherenkov counting of the isolated labelled components. The 
positions of p21 Gly-12 and p2i Val-12 were established by staining 

appropriate lanes run in parallel with Coomassie blue. 


involved in the physiological function of either normal or ac 
vated ras polypeptides is unclear, but the demonstration of thi 
activity increases still further the intriguing resemblance thes 
proteins bear to the family of guanine nucleotide- -binding pre 
teins which regulate the activity of adenylate cyclase (G pro. 
teins)**, as does the detection of significant stretches 0 
homology between the a-subunit of bovine G proteins anc 
members of the ras protein family (J. Hurley, J. Robinshaw, 
Gilman and M. Simon, personal communication). Such G pr 
teins require bound GTP for activity, resulting in either: th 
stimulation or inhibition of adenylate cyclase. Structural muta 
tions that retard GTP hydrolysis might induce a ‘similar 
phenotype as overproduction of normal @-subunit, the forme 
by rendering the polypeptide in a constitutively active configur. 
ation, the latter by providing a supply of a-subunit free of 
regulatory constraints of the 8-subunit™. If ras polypeptides ai 
similarly involved in the transduction of information across th 
plasma membrane, this could rationalize the observations tha 
either structural mutations in or overexpression of the norm 
ras gene” can induce the transformed phenotype. 
We thank Mark Vassar for oligonucleotides, Ursula Edma’ 
for verification of plasmid sequences, and Mike Mumford fo 
assistance with fermentation. ; 
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‘The major histocompatibility complex (MHC) encodes several classes of protein vital to the regulation of the immune 
_response. We have isolated 26 class I genes that map to this region in the CS7BL/ 10 mouse and linked these into three 
gene clusters. The number of genes differs from the number found in the BALB/c strain and comparison of the organization 
of the class I genes in these two strains shows conserved regions and polymorphic regions which probably result from 
‘deletions, insertions and translocations within the MHC. 





‘CLASS I proteins of the murine major histocompatibility com- (H-2"), DBA/2 (H-2) or AKR (H-2") mice that had been 
plex (MHC; H~2) consist of the classical transplantation anti- digested with a variety of restriction enzymes and Southern’- 
gens (K, D and L} found on virtually all cells (Fig. la) and blotted. Probes that detected differences in the size of DNA 
‘appear to be involved in the presentation of foreign antigens, restriction fragments among the inbred stains were then used 
‘such as viral glycoproteins, to cytotoxic T lymphocytes. Class to localize the polymorphic restriction fragment on the MHC 
Il antigens are believed to be involved in the presentation of map. This was done using congeneic strains that have undergone 
foreign antigens to helper T lymphocytes and are found on the recombination in the MHC. Serological studies have previously 
surface of a limited number of cell types including certain identified the haplotype that donated the DNA at each locus in 
lymphocytes and macrophages’. these strains. Thus, an appropriate panel of recombinant strains 

Adjacent to the loci encoding these molecules on chromosome allows the correlation of a particular haplotype of DNA at a 
17s the Tla region which contains genes encoding the Qa and given locus with the appearance of a particular polymorphic 
TL lymphoid differentiation antigens. These antigens, like the restriction fragment, thereby mapping the probe, and hence the 
class I antigens, ate integral membrane proteins with molecular gene cluster from which the probe was isolated, to that region. 
eights of 40-45,000 and afe expressed on the cell surface in We have used a nomenclature for the class I genes which 
association with B,-microglobulin’. In addition, the genes reflects the genetic location of the gene cluster and the position 
encoding these antigens in both the H~2 and Tla complexes of a gene within the cluster. Where a gene product has been 
are homologous; therefore these Tla complex genes are also identified, we use the established nomenclature. Thus, t the two 
referred to as class I genes. genes in the H-2K region are termed Ki and H-2K": the 10 





One of the most intriguing aspects of the H-2 class | antigens genes in the Qa2,3 region are termed Q/ to Q10, and the 13 
is.théir extreme polymorphism. More than 50 alleles at both the genes in the TL region are termed TI to T13. 
:H-2K and H-2D loci have been observed (for a review see ref. 


























1). H-2 haplotypes have been defined serologically and consist " T th aA poke =e CHROMOSOME 1? 
ofa particular set of alleles found at each H-2 locus, for example ma ats 
the C57BL/10 (B10) mouse is H~2° at each H-2 locus, thus a Fonie 
expressing the H-2K° and H-2D* class | alleles. Many inbred we Aran 
mouse strains of different H-2 haplotypes exist and a variety S SA 
‘of recombinant lines have been generated from these strains, mammonaa “el. Qa-3 ~~» Qar} 
thereby providing a convenient system in which to study the HA eee Gae TE 
evolution and function of this gene family. roay P E T r 

Steinmetz et al.’ identified 36 class I genes in the BALB/c 

louse (H-27), which they grouped into 13 clusters. Winoto et | J 

.* reported the location of these clusters within the MHC and m a 0 E 

srrected this gene number to 35. A comparison of the MHC Ps9 Ps7 Human 
of the B10 and BALB/c mice at the DNA level may help to bo eed aan! Genomic 
explain thé differential expression of certain class I genes (for 1 2 3 4 567 & UT EXON 
example, H-2L and TL) in these mice. 5 Emmm- HH 3 
Isolation of the class I genes ae a wee i pea 
A-total of 144 clones containing class I gene sequences was pHe- fg CENA 
isolated from six cosmid libraries. We have arranged overlapping aera aaa cat 
cosmids into three clusters containing a total of 26 different Fig. 1 a, Genetic map of the murine MHC. The centromere of 
class I genes. One of these cosmid clusters spans the H-2D and chromosome 17 is located to the left. Class 1 molecules (C) are 
Qa2,3 regions; the other two clusters map to the H-2K and TL expressed from at least four separate loci as shown by the arrows 
regions, respectively. The 5' to 3’ orientations of the genes below the line. The Ia region encodes the class I] antigens. The $ 


described heré were determined by hybridization to the probes region encodes components of the complement system. b, nitron- 
i exon organization of an MHC class I gene as described elsewhere”, 


ae in rig 1b. h locali ae bok Exons are shown as thick boxes (numbered 1-8). UT refers to the 
e gene clusters have been localized within the MHC using 3 untranslated region. Relative positions of human genomic”! and 


single or low-copy number probes from cosmids within each mouse CDNA” clones used in the initial stages of this study are 
Cluster.. Each probe was hybridized to spleen DNA of BIO shown, 

















Summary of the mapping of restriction fragments 








Table 1 
Probe: 5’ Flanking K region 3' Flanking K region D” gene QT gene TL 
~ a mapping mapping mapping 
probe probe probe 
Restriction 
enzyme: Hindi Bglll Bglil Hindi PstI 
Size (kb): 66 44 3.4 3.0 2.7 24 9.0 85 60 48 3.5 2,3 2.0 18 L5 2.75 4.7 2.0 
Gene: KI K” Q6, Q8 Q7 Q5 Q2 D* TI Q5,Q7 QI K” Q6, Q8 KI TS D” QI Ti 
QIO Q9 Q9 Q10, T7 
Strain 
B10 + + + + + + + + + + + + + + +b + + + 
A ~ + = + - + + + 4 + + = + ~- t4 ~ (2.95) + + 
DBA/2 Se at + ~ + + + + + +o + - + ~ (2.95) + + 
AKR - + = + - = = = + ~ + = + -+ ~ (2.95) ~ (3.3) -= (3.7) 
B6.KI + + + + E ~ + + + + + + ~ (3.3) ~ (3.7) 
B6.K2 + + + + + + + + + + + + + + + + ~(3.7) 
D2.R107 + + + + ~- + + + + + + + + +o + ~ (2.95) + + 
D2.GD Se aD see + i i Ti E = + chen a + ~ + + + 
B10.A(5R) + + + + - + + + + + + + + + + + 
B10.A(2R) - + = + + + + + + + ee ate + -+ + 
AAL +o + + + + -= + - + 
C3H.OH mm ~ + = + - + 
BIO Pot ake + a: es ee SOS = + eos + + + + + + 
Location H-2K  H-2K Qa2,3 0877 9D Qa2,3 H-2K H-2K H-2D Qa2,3 TL 





o The. f flanking K-region probe is the 0.6-kb BamHI fragment 2.6-kb 5’ to the H-2K? gene (Fig 2a). The 7 flanking K- -region probe is th 
~18-kb BglII fragment of H24 as indicated in Fig. 2a. As a D” gene mapping probe, we isolated a 2:75-kb-BgIlÌ fragment shown in Fig::2b, Th 
= QL mapping probe is a 4-kb Poull fragment, derived from the 7.2-kb Kpnl fragment of B1.24 indicated in Fig. 2b. To localize gene TI we used 


-2.0-kb EcoRI fragment of HIL shown in Fig. 2c, + Indicates that the mapping probe detects a fragment of the same size in the BIO DNA and 





“the DNA of the respective haplotype; ~ indicates the absence of a band of the same size. If a B10 is absent and its corresponding fragment. 


another haplotype is known, its size is given in parentheses. 


The H-2K region 


“This region is defined by 13 cosmid clones (five of which are 
shown in Fig. 2a) spanning 95 kilobases (kb) and contains two 
class I genes. The two genes are spaced about 15 kb apart and 
are arranged in a head-to-tail configuration with no other class 
I genes for at least 30 kb on either side. 

We have established the genetic location of this cluster by 

“ showing that one of the genes in this region is the H~2K” gene, 
both by DNA sequence analysis’ and by showing that it directs 
the expression of H-2K° antigens in L-cells transformed by 
cosmids or subclones containing this gene’. This result has been 
confirmed by polymorphic restriction site mapping using a 1.8- 
kb Bglll fragment (the 3’ flanking K-region probe) isolated 
from cosmid H24 which contains exons 6 to 8 and 3’ flanking 
sequences of gene K/ (Figs 2a, 3a, Table 1). When used as a 
hybridization probe on genomic bldts of B10 DNA digested 
with BglII, this fragment hybridizes strongly with nine fragments 

' (Fig. 3a, Table 1). As shown by the hybridization patterns in 
Fig. 3a and the genetic maps of the recombinant inbred strains 
in Fig. 3e, this fragment maps to the H-2K side of the I-E 
locus (see, for example, BIOA.SR). Of the remaining eight DNA 
fragments detected, one flanks the H-2K” gene, one flanks the 
H-2D° gene and the remainder are found flanking class I genes 
in the Tla complex. 


The H-2D and Qa2,3 region 


This region is defined by 67 cosmid clones (21 of which are 
shown in Fig. 2b) spanning 320 kb and contains 11 class I genes. 
One of these genes was identified as the H-2D” gene by transfor- 
mation of L-cells with cosmids or subclones containing this gene 
and analysis with H-2D°-specific antibodies” and cytotoxic T 
cells”. The location of this gene was confirmed using two map- 
ping probes. A 2.7-kb BglII fragment isolated from the region 
shown in Fig. 2b maps to the H-2D region (Table 1). In addition, 
: the 3’ K-region flanking probe hybridizes to a polymorphic 
- §.3-kb BglII fragment starting in this gene, which also maps to 
the H-2D region (Fig. 3a, Table 1). 

‘<The other 10 genes in this cosmid cluster are located in the 
- Qa2,3*region. The QI gene was mapped to the. Qa2,3 region 





using the 4-kb Pvull fragment just 5' of the gene (Fig. 2b): Th 
probe hybridizes to a 4.5-kb. HindIII fragment in B10 and B6.K2 
DNA, but to a 3.3-kb fragment in AKR and B6.K1 DNA (Fi 
3b, Table 1). Thus, the site of recombination between the Qa2,3 
region and the H-2D region in the B6.K1 mouse must be 
the 40-kb DNA between the 8.5-kb Bg/lI fragment of the H-2D* 
gene and 4-kb PvuII fragment adjacent to the Q/ gene (see Fi 
2b). Genes Q2, Q5, Q7 and Q9 were mapped to the :Qa2, 
region independently using the 3’ flanking K -region probe whic 
hybridizes to polymorphic BgilI fragments (Fig. 3a, Table 1) 

Additional information on the location and relationships 
among the class I genes was obtained using a 0.64-kb BamH 
fragment (the 5’ flanking K -region probe) isolated from a posi- 
tion 2.6-kb to the 5’ side of the H-2K”. gene (Fig. 2a). This 
probe hybridizes to six fragments of HindIII-digested B1Q DNA 
(Fig. 3c). Two polymorphic HindIII fragments (6.6 and 3.4-kb: 
Fig. 3¢, Table 1) map to the H-2K region of the B10 mou 
(Fig. 2a). The other polymorphic fragments (2.7 and 2.4-kb) 
map to the Qa2,3 region (Fig. 3c, Table 1) and are found in the 
5’ flanking regions of genes Q7 and Q9 (2.7-kb fragment) an 
gene Q5 (2.4-kb fragment). Two non-polymorphic HindIII frag- 
ments are also contained in cosmids from this cluster: the 3-kb 
fragment is found in the $’ flanking region of the QG, Q8 and 
Q10 genes; the 4.4-kb fragment is located between the H-2D 
and QI genes (Fig. 2b). Thus, except for this last case, the 5’ 
flanking K-region probe always hybridizes to regions which are 
2.6--3.8-kb to the 5’ side of class I genes in the H~2K and Qa2,3 
regions. 

We were able to link the H~2D and Qa2,3 regions after 
screening cosmid libraries with the 5’ flanking K-region probe 
and isolating cosmids containing the 4.4-kb HindIII fragment 
described above. This fragment does not flank a class I gene; 
however, the 2.3-kb of DNA adjacent to it is homologous to 
the DNA sequences immediately flanking the H-2K° gene on 
its 5’ side; this indicates that a gene may once have been present 
at this site. Inspection of the restriction map of cosmid LS-AW1 
which. contains the H-2D" gene, showed significant overlap 
with cosmid Bm1-25. Moreover, cosmid LS-AW15 overlaps with 
cosmid B1.24, which contains gene Q/ (Fig. 2b); this overlap. 





was confirmed by another: series. of 12 cosmids (not shownf. 




















Fig. 2. Restriction maps: of ‘the three 
cloned regions. The length of each region 
(kb) is shown on the top line. The follow- 
“ing sites. are indicated: B, BamHI; C, 

lal, H, Hpal; K, Kpnl; N, Nrul: S, 
Sall; X, Xholi. Class 1 genes are shown 
as solid boxes with arrows indicating the 
direction of transcription, 5'>3'. A rep- 
‘resentative set of overlapping cosmids 
‘defining each region is given below the 
restriction map. a, H-~2K region. &, 
Regions hybridizing to the 3’ K-region 
flanking probe (1.8-kb. Bgill fragment) 
isolated from cosmid H24 at map position 
‘32-34, Regions hybridizing to four differ- 
ent 5’ flanking region probes are indicated: 
W on the line showing the BamHI restric- 
tion sites indicates BamHI fragments that 
‘hybridize to the 5’ K -region flanking probe 

(0.64-kb BamHI fragment 5’ to the H- 
2K" gene). §, Regions which cross- 
hybridize to the 1.8-kb BamHI fragment 
isolated from cosmids spanning the region 
between the Q/ and H-2D° genes (see b 
below). 2, Regions which hybridize to two 
¿probes spanning the 2.45-kb region 
immediately 5’ to the coding sequence of 

the H-2K” gene (1.75-kb PstI fragment 
and 0.7-kb Pstl-Kpnl fragment; see ref. 
6). BamHI sites are shown only for the 
‘ftegion between 25 and 68-kb. b, H- 
2D/Qa2,3 region. The Q3 gene contains 
only exons 1-3 of a class I gene. Most of 

- the overlapping cosmid clones shown were 
isolated by screening libraries with class 

[gene probes. In some cases overlaps were 

“confirmed by screening cosmid libraries 

with low-copy number gene flanking pro- 
bes or walking probes. The region between 
the QI and H-2D* genes is defined by 
cosmids ‘which were isolated using either 

the S K-region flanking probe (Bm1-25) 
or the Qa walking probe (LS-AWI and 
LS-AWI15). The first probe hybridizes to a 
4.4-kb HindIII fragment (see text and Fig. 

_ 3e) shown as the solid bar at 70-kb on the 
map, and the second probe (1.8-kb 
BamHI fragment indicated by @ on the 

BamHI restriction site line) was isolated 
from this same region. Note that this probe 
hybridizes twice in this region (at 70 and 
82-kb.on the map) and to the 5’ flanking 

region of genes QS to Q10, Ki and H- 

2K. Other symbols: AAA, the location 

of the 2.75-kb BglII fragment used as an 

H-2D. region mapping probe: AA, the 

region which cross-hybridizes to a DNA 

fragment isolated from the region flanking 
the H~2L" gene*; ~~, the 4.0-kb Poull 
‘agment used: as Qa2,3 region mapping 
probe; @, regions which cross-hybridize 
a0.5-kb BamHI fragment isolated from 
5’ flanking region of the T7 gene (c). 

‘Note that this probe also hybridizes to the 

previous (4.0-kb Prull) probe. For other 

symbols see a. W indicates weak hybridiz- 
ation to the 3’ flanking K~-region probe. 

The dotted line at the right end of cosmid 

B3.2. indicates. that this segment is 
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rearranged. ¢, TL region. Cosmids defining this region were isolated by screening cosmid libraries with class I gene probes or using low-copy 
probes. A, A 0.7-kb BamHI probe isolated from cosmid H18 which also hybridizes to a region between genes 75 and T6. *, Location of the 

O-kb EcoRI fragment obtained from clone HLI which was used as a TL region mapping probe. @, A probe isolated from the 5’ flanking 
region of gene T7 (0.54-kb BamHI fragment) cross-hybridizes to the 5’ flanking regions of genes T$ and T13 as well as to genes in the Qa2,3 





region (Fig. 2b). The orientation of gene T10 has not been determined. Genes T3, T6 and T8 may be 3' gene fragments since they do not 


ave adjacent sequences which hybridize to 5’ class 1 gene probes. Construction of cosmid libraries: libraries were screened and clones picked 
using procedures developed previously” incorporating the modifications of Ish-Horowicz"* and using cosmid vectors constructed in our 
aboratory”*. Five libraries were used, Cosmids with prefix H are from a library’ made with 810 spleen DNA and vector pOF1; library B, 
from B10 spleen DNA using vector pTM; library LS, from B10 liver DNA using vector pTCF; library S:was made with B10 spleen DNA 


using pTCF as vector. Finally, one library (Bml) was made using liver DNA from the B6 mouse strain which carries the H-2K pm 


and vector pTM, 
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Fig. 3 Southern’ blot analysis of different digests 
the B10 mouse. Southern blots were hybridized at 65 
10% dextran sulphate’”?”’; 20 pg mi™' denatured murine 


probes by the method of Weislander”*. a, Bglll digest, prob 
Fig. 2a). The sizes (kb) of the nine strongest B10 bands are 


gene; see Fig. 2b). The sizes of the bands (kb) are indicated on the righ 
BamHI fragment; Fig. 2a). The sizes of the six BLO bands are given (kb) on the left and the cl 
non-polymorphic 4.4-kb HindIII fragment is located between the H-2D° and QI genes (Fig. 2b). 
probed with the 2-kb EcoRI mapping probe from cosmid H11 (Fig. 2c). The sizes of the strongest bands (kb) are given on the right. Two 
tracks (+H11) contain H11 cosmid DNA digested with PstI mixed with AKR- or B10-restricted DNA. e, Genetic maps of mouse strains used |. 
K”, 1~-A4 and H-2D”. =, DNA in these regions could be derived from B6 or A. 


to localize cosmids to MHC loci. HTG (not shown) is H-2 


- The H~2D° gene is in the same 5’ to 3’ orientation as the genes 
in the Qa2,3 region (Fig. 2b). 

The Qa2,3 region map suggests that this region has evolved 
by a series of sequential (or possibly simultaneous) gene duplica- 
tions. Related class I genes can be identified by the hybridization 

-pattern of four different 5' flanking probes and a single 3’ flanking 
_ K-region probe (Fig. 2a, b). Each probe hybridizes to the 
respective flanking sequences of genes Q35 to Q10 (Fig. 2b) as 
weil as genes K] and H-2K* (Fig. 2a). The hybridization of 





of murine DNA with single or low-copy probes from the H-2K, Qa2,3 and TL regions of <“ 
°C in 3x SSC, 10x Denhardt's solution containing 0.1% SDS, 0.1% sodium pyrophosphate, ` 
DNA was added to compete with the hybridization of repeated sequences. The 
filters were given a final wash with 0.1x SSC, 0.1% SDS at 65°C. DNA fragments were isolated for subcloning and used as hybridization 
ed with the 3’ flanking K-region probe (1.8-kb BglII fragment from clone H24; 
indicated on the left. The class I genes most closely linked to each of the nine 


bands are given on the right. The weakly hybridizing 6.0- and 1.5-kb BglII fragments lie in the 3' ends of the TI and T5 genes, respectively. 


The.4.5-kb HindIII fragment lies 5’ to the Q/ gene. b, HindIII digest, probed with the Q/ mapping probe (4-kb Poull fragment, 5’ to the Q/ 
t. ¢, HindIII digest, probed with the 5’ flanking K-region probe (0.64-kb 
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osest. linked gene(s) on the right. The 
D2, DBA/2 strain mice. d, PstI digest, 


two of the 5’ flanking probes to gene Q4 suggests a more distant 
similarity between gene Q4 and genes Q5 to Q10. Furthermore, ` 
the restriction maps of DNA flanking the Q3, Q7 and Q9 genes 

are similar as they are for the Q6, Q8 and Q10 genes. Thus, 
alternating gene regions are more similar to one another than. 
to adjacent gene regions, suggesting that after the initial gene. 
duplication, subsequent duplications involved gene pairs. It is 
not clear whether the duplicated pairs are Q4 + Q5, Q6.+Q7, 
Q8 +Q9 and QIO+? or 2+ Q4, QS + Q6, Q7+Q8 and Q9 
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Fig.4 Comparison of the three class I gene regions in the BIO mouse with the corresponding clusters in the BALB/c mouse’. ~~-, Deleted 



























Q10. The question marks in the gene pairs indicate that one of 
the genes in the hypothetical duplicated gene pair is no longer 
present in the B10 genome. 


The TL region 


The TL region cluster contains 13 class I genes in 180-kb of 
DNA. It is desctibed by 68 overlapping cosmids, and a rep- 
fesentative subset of these is shown in Fig. 2c. These genes are 
not uniformly oriented as they are in the Qa2,3 region. The 
cluster was localized using a 2.0-kb EcoRI probe located 
immediately 5’ to gene TI (Fig. 2c). This probe detects bands 
of 2.5 and 3.7-kb in Pst l-digested B10 and AKR genomic DNA, 
respectively (Fig. 3d), and also hybridizes to a 3.7-kb Psil 
fragment in B6.K2 DNA, thereby mapping it to the AKR portion 
of. B6.K2 DNA, that is, to the TL region. Other recombinant 
mice analysed with this probe give results consistent with this 
conclusion (not shown). 

We have detected similarity between the 5’ flanking regions 
of genes in the TL and Qa2,3 region. The probe from the 5’ 
side of gene T7 in Fig. 2c hybridizes to the 5’ flanking regions 

‘genes TS and T13 as well as to corresponding regions of 
genes. Q/, Q2 and Q3. In contrast, these regions display no 
milarity to any of the 5’ flanking K-region probes. 


Comparison between B10 and BALB/c mice 


We have identified 26 class | genes, whereas at least 35 class I 
genes have been reported in the BALB/c mouse’, although the 
BALB/c number has recently been corrected to 32 (L. Hood, 
personal communication). The difference in gene number 
between the two haplotypes may reflect genuine strain differ- 
ces, or over/underestimates from the two studies. However, 
_the probe mapping to the TL region did hybridize to three 
_ fragments in PstI digests of BALB/c DNA but only to a single 
fragment of PstI-digested B10 DNA (Fig. 3d). This is consistent 
th the presence of more class I genes in the BALB/c genome. 
Most B10 classJ genes are found in the Qa2,3 and TL regions. 
_Winoto ët al. made similar observations in their study of BALB/c 
lass T genes’, 


DNA sequence compared with the other haplotype. C, Clal; H, Hpal: K, Kpnt; N, 
region. Polymorphic restriction sites are marked with ®. b, H-2D/Qa2,3 region. Polymorphic regions are indicated by a line above the 
restriction maps. c, TL region, poly 


Nrul 8, Sall; X, Xhol and è or B, BamHI. a, H-2K 


morphic regions indicated as in b, 


The H~2K region of both B10 and BALB/c mice contains 
two genes in a head-to-tail configuration (see Fig. 4a), the H-2K 
gene being in the same position in both clusters. The most 
significant difference between the H-2K regions is that the 
genes are further apart in the H-24 haplotype. Comparison of 
the H-2K" and H-2K“ gene sequences has shown that poly- 
morphism in these genes is generated by introducing clustered 
nucleotide changes over regions of limited extent (9-24 base 
pairs, bp) in exons 2 and 3 (refs 6, 10). Thus, at least in some 
cases, it seems that highly localized gene conversion® events are 
responsible for generating H—2K allelic polymorphism and do 
so without giving rise to extensive restriction site polymorphism 
within the H-2K region as a whole. 

In the H-2D region a comparison of the restriction maps 
shows that the H-2D* and H-2L“ genes are quite similar both 
at the 3’ and 5’ side of the genes, while the restriction maps of 
H-2D° and H-2D4 regions are significantly different. In addi- 
tion, a probe isolated from the 5’ side of the H—2L4 gene? 
hybridizes 5’ to the H-2D° gene. It detects only one band in 
BamHI and Kpn] digests of chromosomal B10 DNA (il and 
10 kb, respectively). These fragments map just 5’ to the H-2D° 
gene (Fig. 2b). Thus, H-2D° is more closely related to H~2L4 
than to H-2D”. 

Both conserved and polymorphic segments of DNA map to 
the Qa2,3 region of the B10 and BALB/c mouse. The restriction . 
maps.of the intergenic DNA downstream from Q5 up to and 
including Q10 of the B10 mouse are very similar to the corre- 
sponding sequences of cluster | from the BALB/c mouse”. Gene 
Q10, which has been sequenced in our laboratory"! and may 
encode a non-polymorphic, liver-specific!*, secreted? class T 
antigen, corresponds to the gene in cluster 9 of Steinmetz etal’. | 
Rogers et al.’* have shown independently that the BALB/c 

clusters | and 9 are linked, Comparison reveals that the | 
equivalent of genes Q8 and Q9 of the B10 mouse may have 
undergone an unequal crossing-over in the BALB/c mouse ( Fig. 
4b) to produce a fusion gene in a manner similar to the 
Hb-Lepore gene from the human 8- and -globin genes", 
Thus, the restriction map of the DNA flanking gene 7 of clust: 
l of the BALB/c mouse is almost identical to the 5’ map ‘of, 






















gene Q8 and the 3’ map of gene Q9 from the BIO MHC (Fig: 
4b). The map of genes Q4, Q6 and Q7 is almost identical to 
the corresponding region of the BALB/c MHC (Fig. 45). It 
follows, therefore, that gene Q7 of the BIO mouse is the allele 
of the 27.1 ‘pseudogene’ (ref. 18) in the BALB/c mouse. The 
maps of the Q2, Q3 and Q5 genes differ significantly between 
the two haplotypes. We have not detected the equivalent of 
cluster 6 of BALB/c Qa2,3 region*“* that contains a gene encod- 
ing the Qa2,3 antigen’. 

The B10 TL region comprising genes TI to TIO closely 
parallels clusters 3 and 4 of the BALB/c mouse (Fig. 4c). This 
suggests that these clusters in fact overlap; alternatively, a dele- 
tion may have occurred between genes T4 and T5 in the B10 
mouse, Genes T]/-T13 do not seem to be present in any of the 
TL-mapped clusters of the BALB/c mouse, and we have not 
detected analogues of the BALB/c clusters 5, 7, 8, 10 and 12 in 
the B10 genome. The basis for the differential expression of the 
TL antigen in the two haplotypes may well be in these non- 
homologous regions. 


Translocations during evolution 


During these studies we have noted several interrelationships 
between genes located at distant sites that may indicate how the 
MHC class I gene family has evolved. The 5’ flanking TL region 
probe hybridizes to the 5’ flanking regions of genes QI to Q3 
in the Qa2,3 region genes as well as T5, T7 and T/3 of the TL 
Tegion, The similarity of these genes may be due to a gene 
conversion-like process or a translocation of genes Q/ to Q3 
from the TL region. 

A more intriguing relationship is the striking similarity of the 
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two genes in the H~2K region to the Q6 and Q7 as well as the 
Q8 and Q9 gene pairs. The genes in each pair are in a head-to-tail: 
configuration and are about the same distance apart. The H~2K 
and Qa2,3 region gene pairs show similar hybridization patterns 
with the three 5’ flanking K -region probes and the 3’ flanking 
K- -region probe. For example, the 0.64-kb BamHI 5' flanking 
K-region probe hybridizes to 0.64-kb BamHI fragments flanking | 
the H-2K°, Q6 and Q8 genes, while it hybridizes to 0.68-kb 
fragments flanking the other genes in each pair (that is, K4; Q7 
and Q9). The 3’ flanking K- region probe also hybridizes to both 
the K region and Qa2,3 region gene pairs. Together, these data 
suggest that the H-2K° gene may be related to the Q6 and Q8 
genes and that the gene K1 is related to the genes Q7 and Q9 
and perhaps the Q5 gene. This similarity probably reflects an 
evolutionary relationship betwen the genes. In some animals, 
all class I gene loci are telomeric to the class H genes. In the 
mouse, however, the H-2K region is centromeric to the class 
If genes. For this reason it has been suggested that the H-2K_ 
locus arose by translocation to its present site”. We propose 
that the H~2K region was generated by the translocation of a 
Q6- and Q7-like gene pair from the Qa2,3 region. 
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In BALB/c-3T3 cells, expression of the c-myc gene is stimulated by platelet-derived growth factor (PDGF). Using mouse 
mammary tumour virus promoter: c-myc recombinant plasmids, 3T3 sublines were constructed in which hydrocortisone was 
the primary determinant of myc mRNA content. The c-myc gene product is an intracellular mediator of the growth response 
to PDGF though probably not the only one. Both the human and the mouse c-myc genes stimulate clonal growth of 313. 
cells in PDGF-free medium suggesting new strategies for analysis of oncogenes which do not function in focus formation 


assays. 





PLATELET-derived growth factor (PDGF)'* renders BALB/c- 
3T3 cells ‘competent’ to replicate their DNA and divide’. The 
-PDGF-induced competent state consists of an acquired sensitiv- 
ty to the mitogenic action of epidermal growth factor (EGF) 
and: the insulin-like growth factors®’. The induction of com- 
‘petence is a transcription-dependent event”. At least five 





independent members of a PDGF-inducible gene family which 
we term ‘competence’ have been isolated by molecular cloning 
techniques’; moreover, c-myc seems to be a member of the 
competence gene family in 3T3 cells’®. The abundance level of 
c-myc mRNA increases more than 40-fold several hours after 
the addition of PDGF to the culture medium of density- arreste® 


























cell monolayers. Growth factors such as EGF and insulin 
“have little effect on c-myc expression? 
= The observations on induction of c-myc by PDGF raise an 
apparent paradox. The putative structural gene for PDGF is 
„sis (refs 11,12). Exposure of 3T3 cells to PDGF or transfection 
with c-sis cDNA” results in a strong growth response, together 
-with morphological alterations characteristic of transforma- 
ion'*">, By contrast, transfection with c-myc DNA has never 
‘been shown to influence the growth or morphology of 3T3 cells. 
Conventional assays for transforming activity are conducted 
with serum-supplemented medium and are contingent upon 
induction of morphological alterations in an indicator cell line— 
usually NIH 3T3 (refs 16-18). Loss of specific growth factor 
‘requirements may not be tightly coupled to changes in mor- 
phology. For this reason we set out to determine whether 
ratuitously induced expression of c-myc within 3T3 cells could 
verride the growth requirement for PDGF. 


Construction of BALB/c-3T3 sublines 


“Recombinant plasmids containing the two coding exons of 
mouse c-myc under control of the mouse mammary tumour 
_virus (MMTV) promoter were constructed. These recombinant 
plasmids were stably integrated into BALB/c-3T3 cells by co- 
transfection with a plasmid (HSV-neo) which conferred resist- 
nce to the drug G418. Essential features of the recombinant 
-plasmids and the transfection protocol are depicted in Fig. 1. 
“Multiple G418-resistant 3T3 cell colonies from each transfection 
were isolated and thereafter maintained in G418-supplemented 
“medium. Integration of the exogenous myc plasmid constructs 
into the G418-resistant 3T3 sublines was confirmed by Southern 
analysis of BamHI- and EcoRI-digested cellular DNA. 
= Expression of the exogenous myc plasmids was quantified 
“by S, nuclease analysis?’ (Fig. 2). As a frame of reference, the 
abundance of messenger RNA transcripts directed by the 
exogenous myc plasmids was compared with the abundance of 
¢-myc transcripts in the parental 3T3 cells incubated in the 
absence or presence of PDGF. The abundance level of myc 
mRNA transcripts directed by the exogenous plasmids varied 
widely among different G418- resistant 3T3 sublines; however, 
e were able to identify two G418-resistant lines (7E and 9E) 
in which the exogenous c-myc gene was expressed at high levels 
‘and was steroid responsive (Fig. 2). Scanning densitometry of 
S, nuclease assays conducted with the 7E and 9E sublines 
provides an estimate of myc mRNA abundance relative to the 
parental 3T3 line. As summarized in Table |, the abundance 
evel of myc mRNA transcripts within hydrocortisone-treated 
JE and 9E cell cultures exceeds that of the PDGF-treated 
parental 3T3 cells. Even without hydrocortisone treatment there 
is substantial constitutive transcription from the exogenous myc 
plasmids; this probably reflects enhancer activity of the strong 
Harvey sarcoma virus (HSV) promoter carried by the drug 
‘resistance marker plasmid together with exogenous activity of 
the MMTV promoter. 





Hydrocortisone stimulation of DNA synthesis 


igure 3 shows the effect of hydrocortisone on PDGF-deprived 
monolayers of 7E cells. As a control, the effect of hydrocortisone 
‘ona control subline (4A) which was transfected with the HSV- 
“neo marker plasmid only is depicted. The nuclear labelling index 
f the 4A cells is less than 0.5% in the presence or absence of 
ydrocortisone. Approximately 4% of the 7E cells were labelled 
-with *H-thymidine in the absence of hydrocortisone. Addition 
f hydrocortisone increased the nuclear labelling index to ~28% 

n. 7E cell cultures. 
“As shown in Fig. 4, the differential between the 4A and 7E 
ublines does. not reflect random clonal variation. A number of 
independent .G418-resistant 3T3 cell sublines were isolated and 
-screened for replicative DNA synthesis in the absence of PDGF. 
‘Control sublines were transfected with HSV-neo alone or co- 
transfected with HSV-neo and MMTV-Xhol-myc (from which 
fhe majority of the myc translatable sequences are deleted; see 
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Fig. 1 Recombinant plasmids and transfection protocol. Salient 
features of the recombinant plasmids are as follows: HSV-neo 
(from D. Kaplan and T. Roberts, Dana Farber Cancer Institute} 
contains the Tn5 transposon?’ activated by the Harvey murine 
sarcoma virus promoter in pBR322; MMTV-H3 fuses the MMTV 
promoter to mouse c-myc at a HindIII site located within the first 
(nontranslatable) myc exon. All sequence 5’ from the HindIII site, 
including the normal myc promoter elements and TATA box, are 
thus deleted and transcription initiates from within the MMTV 
promoter; MMTV-Xba-myc is identical to MMTV-H3 except that 
the entire first exon is deleted; MMTV-Xhol is a non-functional 
mye control in which the translatable sequence from all of the 
second and most of the third exons is deleted; pSV7-neo-myc 
contains the entire 12.5-kb EcoRI fragment of human c-myc”? 
inserted into the pSV7-neo plasmid*'. Restriction sites and other 
features are indicated by R( EcoRI); B( Bam): H(Hindlll): 
X(Xhol): TK poly A (herpes simplex virus thymidine kinase poly- 
adenylation signal); SV40 poly A (SV40 polyadenylation signal). 
Methods: The MMTV-myc plasmids were mixed with HSV-neo at 
ratios between 40:1 and 25:1 and stably integrated into BALB/c- 
3T3 by co-transfection followed by selection for resistance to 
G418"'. Transfections were carried out in 60-mm dishes by the 
calcium phosphate precipitation method’? using 15 pg sheared 
salmon sperm DNA as carrier, 0.1-0.5 ug HSV-neo plasmid and 
2.5~20 pg MMTV-myc plasmid. After exposure to the DNA: cal- 
cium phosphate coprecipitates, the 3T3 cells were incubated over- 
night in DMEM supplemented with 10% calf serum and 5 mM of 
sodium butyrate’*. Fresh serum-supplemented DMEM was then 
added. The cultures were incubated for an additional 48 h and 
then subcultivated ata 1:5 or 1: l0ratio into DMEM supplemented 
with 10% calf serum and 0.5 mg ml~! G418 (Gibco). The cultures 
were incubated for 2~3 weeks with a medium change at 2~3-day 
intervals. At this time, well isolated G418-resistant colonies were 
picked and subcultivated. Transfections with pSV7-neo-myc did 
not require the HSV-neo marker plasmid but were otherwise iden- 
tical. Control sublines were transfected with the HSV-neo marker 
plasmid alone or with pSV7-neo alone. 


Fig. 1). None of the nine control sublines showed appreciable 
nuclear labelling in the absence of PDGF and none showed a 
response to hydrocortisone (Fig. 4). Five out of 9 sublines 
co-transfected with MMTV-Xba-myc (including 7E) and 4 out 
of 10 sublines co-transfected with MMTV-H3-myc (including 
9E) showed enhanced nuclear labelling in the absence of PDGF; 
the labelling index of these sublines was further enhanced by 
the addition of hydrocortisone (Fig. 4). 


Response to EGF 


As shown in Figs 3 and 4, expression of the myc gene increases .. 
the fraction of 3T3 cells which incorporate *H-thymidine in the 

absence of PDGF. However, the nuclear labelling index of the 
myc transfectants is relatively low. In the absence of EGF and 
insulin-like growth factors, PDGF is an inefficient mitogen for 
3T3 cells. Previous work has shown that PDGF interacts syner- 
gistically with EGF and the insulin-like growth factors to give 
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Fig.2 Induction of c-myc by hydrocortisone in 3T3 cell sublines 
transfected with MMTV-myc recombinant plasmids. The parental 
BALB/c-3T3 cells and three G418-resistant sublines, transfected 
as indicated, were grown to the confluent monolayer stage in 
150-mm culture dishes using DMEM and 10% calf serum. At this 
point, the serum-supplemented medium was removed and replaced 
with DMEM supplemented with 5% platelet-poor plasma. After 
24h in plasma-supplemented medium (which is deficient in 
PDGF), the parental 3T3 cells were exposed for 3 h to a saturating 
dose of partially purified PDGF' (400U mi~’, equivalent to 
~ 80.ng mi‘) to display the induction of the endogenous c-myc. The 
G418-resistant sublines were exposed for 3 h to 100 ng ml”! hydro- 
cortisone. Control cultures of the parental cells and of each subline 
were left untreated (NA). Total cellular RNA was collected as 
described previously?’ and the abundance level of myc transcripts 
was displayed by S, nuclease analysis. In panel a, the probe used 
was a fragment of the myc first exon described previously”. With 
this probe, transcripts originating from the (endogenous) 3T3 cell 
myc and the (exogenous) MMTV-H3-myc can be distinguished 
from each other. The latter transcripts originate from within the 
MMTV promoter and are 24 bases longer than the predominant 
form of transcript originating from the endogenous myc pro- 
moter”. In panel b, the probe used was a fragment of the myc 
second exon. This probe cannot distinguish between transcripts of 
endogenous and exogenous origin; however, it was necessary for 
analysis of the 7E subline and other sublines transfected with 
MMTV-Xba-myc in which the entire first exon is deleted (Fig. 1). 
A parallel S$, nuclease assay was conducted on each sample using 
a probe for £,-microglobulin as an internal standard for RNA 
content!®. 


Table 1 Relative abundance of c-myc MRNA 





Fig. 3 Stimulation of DNA synthesis by hydrocortisone in 3T3: 
sublines transfected with an MMTV-myc recombinant plasmid. 
Density-arrested, PDGF-deprived cultures of the 4A subline (a, 
b) and the 7E subline (c, d) were obtained as described in Fig. 2 
legend. Hydrocortisone (100 ng mi’) and °H-thymidine 
(2 Ci mi7': 5x10°7 M) were added. After 24h, the cells were 
fixed, processed for autoradiography and counterstained with | 
Giemsa. The per cent of cells with labelled nuclei in the 4A cultures 
without (a) or with (b) hydrocortisone is less than 0.5%. In the 
absence of hydrocortisone, 4% of the 7E cells show °H-thymidine: 
uptake (c). In the presence of hydrocortisone (d), 28% of the 7E 
cultures were labelled in this experiment. 
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The S, nuclease assays depicted in Fig. 2 were analysed by scanning densitometry. Results are summarized as myc abundance units relative to 
parental BALB/c-3T3 cells in PDGF-free medium. NA, untreated control cultures; ND, not determined. 


an optimum growth response®’. We reasoned, therefore, that 
any growth-promoting effects of myc expression could be 
amplified by the addition of EGF and/or insulin to the culture 
medium. 

As shown in Fig. 5, density-arrested 9E cells responded to 
EGF by initiating DNA synthesis in serum-free medium supple- 
mented only with insulin. Hydrocortisone enhanced the effect 
of EGF, presumably because it further increases myc expression 
(Fig. 2). On the other hand, the control 4A subline in the same 
conditions showed no response to EGF or EGF plus hydrocor- 
tisone, but instead required the combination of PDGF and EGF 

-for an efficient mitogenic response (Fig. 5). These responses to 
«EGF and hydrocortisone are reflected by an increase in cell 
“number during long-term experiments (Table 2). Again, these 
“effects do not reflect random clonal. variations. None of the 9 


NOE 








control sublines showed this response to EGF and hydrocor- 
tisone whereas 5 of 9 MMTV-H3 sublines and 4 of 10 MMTV- 
Xba sublines displayed the response (data not shown). Neither 
the endogenous nor the exogenous myc gene was induced by 
EGF treatment in 9E cell cultures as shown by S, nuclease assay 
(data not shown). 


Direct selection of myc transfected 3T3 cells 


When expression of the myc gene is placed under control of: 
viral promoters, the growth requirement for PDGF is diminished 
(Figs 3-5, Table 2). The selection protocol shown schematically 
in Fig. 6 illustrates a practical consequence of this. BALB/c-3T3 
cells were co-transfected with a neomycin-resistance marker and 
any of several myc gene constructs. After 48-72 h incubation in 
serum-supplemented medium, the transfected cells were selectel 
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Fig. 4 Stimulation of replicative DNA synthesis by mouse c-myc 
in randomly isolated, G418-resistant 3T3 sublines. A functional 
mouse c-myc plasmid construct (MMTV-H3-myc or MMTV-Xba- 
“myc) was transfected into 3T3 sublines together with the HSV-neo 
‘marker plasmid as described in Fig. | legend. Control cultures 
“were transfected with HSV-neo alone or HSV-neo and MMTV- 
Xhol-myc. Density-arrested, PDGF-deprived cultures were pre- 
pared as described for Fig. 2 except that microtitre welis were 
used. The growth-arrested cells, in plasma-supplemented DM es 
were incubated overnight with *H-thymidine (2uCi m~}; 
10°? M) and 100 ng mi~’ hydrocortisone or a solvent control. ee 
24h, the cultures were fixed, processed for autoradiography and 
scored for labelled nuclei. Values shown are averages of duplicate 
cultures, 


for growth in culture medium supplemented with G418 and 
either serum (which contains PDGF) or platelet-poor plasma 
(PDGF-deficient). The ratio of colonies formed in plasma- 
supplemented medium to colonies formed in serum-supple- 
mented medium reflects expression of a functional myc gene 
product. As experimental controls, cells were transfected with 
the neomycin-resistance marker plasmid alone or co-transfected 
with the marker plasmid and MMTV-Xhol-myc. 
Table 3a summarizes the results with various mouse myc 
constructs. In control transfections with HSV-neo only, the 
asma:serum ratio was low (0.13). Identical results 
lasma:serum ratio 0.10) were obtained with co-transfection 
f HSV-neo and MMTV-Xhol-myc. Co-transfection with HSV- 


Table 2 Effects of EGF and hydrocortisone on growth of 4A and 9E : 





sublines in PDGF-free medium 


Additions to culture 








medium 4A subline 9E subline 
None 3.6 49 
Hydrocortisone 3.7 7.5 
EGF 71 ` 24.0 
Hydrocortisone + EGF 6.1 25.0 
.,, RDGF 10.6 15.0 


Cells from the control 4A subline or the MMTV-H3-myc 9E subline 
(see Fig. 2) were plated in 10% calf serum Dulbecco’s modified Eagle’s 
medium (DMEM) at 1.2 x 10* cells cm? in 35-mm dishes. After 24 h the 
medium was removed. The cultures were washed with phosphate- 
buffered saline and incubated in fresh 10% plasma and DMEM for 
another 24 h. Additions were then made of hydrocortisone (100 ng mi~’), 
EGF (1 ng mi~?) or PDGF (crude preparation 25 U ml™') as indicated. 
Medium was changed after 2 days. Cells were collected and counted 
on day 4 following additions. Values shown are cells per cm’ (x1074). 
Each value is the average of duplicate plates; deviations no greater 
than 5%. 


neo and either MMTV-H3-myc or MMTV-Xba-myc increased 
the plasma: serum ratio by a factor of five (0.57 and 0.52 respec- 
tively). 

Table 3b summarizes transfections using a single plasmid 
(pSV7-neo-myc) which contained both the neomycin-resistance 
marker and the complete human myc gene (pSV7-neo-myc; see 
Fig. 1). The results are similar to those obtained with mouse 
myc. Transfections with the human myc gene increased the 
plasma:serum ratio 6.3-fold relative to transfection with the 
identical plasmid (pSV7-neo) without myc (plasma: serum ratios 
0.44 and 0.07 respectively}. For comparison, Table 3b also 
presents data from transfection with a neo-v-sis plasmid. As 
expected, v-sis was very effective and raised the plasma: serum 
ratio by a factor of 8 above the background level. 

The ability to develop colonies in plasma was also analysed 
for randomly isolated stable transfectant sublines. The results 
are summarized in Fig. 7. The G418-resistant sublines fell into 
three distinct classes: v-sis transfectants display the same plating 
efficiency in plasma and serum whereas the controls (HSV-neo 
transfectants) grow poorly in plasma. The myc transfectants 
exhibited intermediate growth in plasma. The data are consistent 
with the view that myc expression enhances colony development 
in plasma; however, the effect of myc is weaker than the effect 
of sis (see below). 


Discussion 


The product of the c-sis gene, PDGF''-', stimulates expression 
of the c-myc gene in 3T3 cell cultures'®. Our aim here is to 
determine whether the c-myc gene product functions as an 
intracellular mediator of the mitogenic response to PDGF. When 
the abundance level of myc mRNA is gratuitously induced in 
3T3 cells by the MMTV promoter, both the probability of cell 
division in the absence of PDGF and the sensitivity to the 








Table 3 PDGF-free selection assays with HSV-neo and MMTV-myc recombinant plasmids (a) and with human c-myc and monkey v-sis (b) 


No. of colonies 


Plasmids transfected in serum 
o a HSV-neo only 209 
HSV-neo and MMTV:-Xho-myc 49 
HSV-neo and MMTV-Xba-myc 108 
<0 HSV-neo and MMTV-H3-myc 165 
b pPSV7-neo 904 
».. PSV7-neo- -mye 1,602 
PSV7-neo-v-šis 314 


No. of colonies Ratio Total no. of 
in plasma plasma :serum experiments 

28 0.13 16 

5 0.10 7 

62 0.57 6 

85 0.52 12 

62 0.07 3 

702 0.44 4 

176 0.56 4 





a, BALB/ ¢-3T3 cells were transfected with HSV-neo and with various MMTV-myc recombinant plasmids as indicated. The transfected cells were 
they carried through the selection protocol. outlined in Fig. 6. b, BALB/c-3T3 cells were transfected with human c-myc (pSV7-neo-myc; see Fig. 
r: with the corresponding parental marker plasmid (pSV7-neo). Additionally, some transfections were conducted with the monkey v-sis gene | 
tried in the pSV2-neo plasmid which is similar to pSV7-neo. The pSV2-neo-v-sis plasmid was derived from the C60 clone of simian sarcoma + 
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Fig. 5 Sensitization to EGF by constitutive expression of c-myc. 
Density-arrested, PDGF-deprived cultures of the 9E subline (see 
Fig. 2) were prepared in microtitre wells as described in Fig. 2 
legend. The cell monolayers were washed with phosphate-buffered 
saline. Fresh DMEM supplemented with insulin (5 pg ml~!), EGF 
(10 ngml~'), hydrocortisone (100 ngml”') or partially purified 
PDGF (20. U ml™') were added singly or in combinations as indi- 
cated. The cultures were incubated for 24h in the presence of 
*H-thymidine (2uCi ml7'; 1077 M) and then fixed and processed 
for autoradiography. 500-1,000 cells were counted per well. The 
values indicated are averages of duplicate cultures. 


mitogenic activity of EGF are increased. However, this growth 
response is not directly proportional to the intracellular content 
of myc mRNA. The 7E and 9E sublines can be induced to 
express more myc mRNA in the absence of PDGF than the 
parental 3T3 cells express in the presence of PDGF (Fig. 2, 
Table 1); yet only a fraction of the 7E and 9E cell populations 
replicate DNA in a 24-h period as opposed to almost 100% of 
the PDGF-stimulated parental cells in similar conditions. In 
addition, the characteristic ‘cobblestone street’ morphology of 
a confluent 3T3 monolayer is unaltered in hydrocortisone- 
treated 7E and 9E sublines (see Fig. 3). By contrast, PDGF- 
treated 3T3 cells, containing similar levels of mye mRNA, 
elongate and become fusiform'*''*. Similarly, 3T3 cells transfec- 
ted with c-sis cDNA exhibit morphological alterations'’. In 
summary, the abundance level of myc mRNA within 3T3 cells 
can be increased either by exposure to PDGF or by viral pro- 
moter; however, the consequences for 3T3 cell growth and 
morphology are more radical when myc is expressed in response 
to PDGF. 

There are several potential explanations for the differential 
response of 3T3 cells to PDGF-induced myc and gratuitously 
induced myc. It is conceivable, for example, that expression of 
c-myc protein does not correlate with observed mRNA levels. 
A more interesting possibility is that the myc gene product 
functions coordinately with the other PDGF-induced gene prod- 
ucts to mediate the growth response within the cell. We have 
recently found a striking homology between the nucleotide 
sequence of a PDGF-inducible gene isolated previously by 
cloning techniques’ and the c-fos oncogene (B.H.C., J. Zullo 
and C.D.S., manuscript in preparation). Some or all of the other 
PDGF-inducible competence genes may be hitherto undis- 
covered oncogenes which contribute to the PDGF-induced 
mitogenic response. 

The growth-promoting action of myc within 3T3 cells can be 
conveniently displayed in a double selection protocol which is 
contingent upon cell colony formation in the absence of PDGF. 
Fhe double selection procedure may be of value in struc- 
ture/function analysis of oncogene products. The procedure 
saves time by providing a direct assay for oncogene biological 
activify;: moreover, the assay is objective. Only the number of 
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Fig. 6 Growth-promoting action of c-myc displayed in a double 
selection protocol. BALB/c 3T3 cells (clone A31) were exposed: 
to calcium phosphate: DNA co-precipitates containing the HSV- 
neo plasmid and various mouse c-myc constructs as indicated in 
Fig. 1. Alternatively, the human c-myc gene (in the pSV7-neo 
plasmid) and the monkey v-sis gene (in the pSV2-neo plasmid) 
were introduced into 3T3 cells without the HSV-neo plasmid: 
Following exposure to the calcium phosphate: DNA co-precipi- 
tates, the 3T3 cells were allowed to proliferate for 3 days in DMEM 
supplemented with 10% calf serum. At this time, the cells: wére 
collected by trypsin digestion and subcultivated into 100-mni 
diameter culture dishes which had been coated with fibronectin 
(Collaborative Research). Fibronectin-coated culture dishes were 
essential for good results because transfected cells tend to become 
detached from the plates on prolonged culture in plasma-supplé- 
mented medium. The cultures were then incubated in DMEM 
supplemented with G418 (Gibco) and either 10% calf serum or: ; 
10% human platelet-poor plasma. After 2-3 weeks incubation, 
with medium change at 2~3-day intervals, the cultures were fixed 
in phosphate-buffered 10% formalin and stained with crystal violet,” 
The inset shows a set of cultures which were transfected with the 
human c-mye gene (pSV7-neo-myc) or with the control marker: 
plasmid (pSV7-neo) alone. 
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Fig. 7 Relative plating efficiency (plasma:serum) of randomly 
isolated 3T3 sublines transfected with mye, sis or HSV-neo. A, Neo 
only (HSV-neo); A, neo +deleted c-myc; ©, neo + mouse c-myc; 
WE, neo +v-sis. Stock cultures of randomly isolated G418-resistant 
3T3 sublines were collected by trypsin digestion, counted in a 
haemacytometer and diluted. The cells were plated at a density of 
500 per dish into 60-mm culture dishes which had been precoated 
with fibronectin. The cultures were incubated for 10-14 days in 
medium supplemented with G418 and either 10% serum or 10% ` : 
plasma. The cultures were then fixed with 10% formalin in phos- 
phate-buffered saline, stained with crystal violet and counted. 




































be determined; morphological characteristics of the colonies 
are not a factor. Finally, the double selection protocol, using 
culture medium depleted of other specific growth factors, has 
the potential to display the effects of cell oncogenes which are 
ot revealed by conventional ‘focus formation’ assays. 

“We thank Drs Jim Battey and Hunt Potter for their gift of 
the pSV7-neo-myc clone. Megan Callahan constructed the 
MMTV-Xho I myc clone and provided technical assistance. This 
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Although most of the luminosity of Seyfert galaxy nuclei is emitted 
n the IR, the relative amounts of thermal dust and non-thermal 
emission are uncertain. Seyfert galaxies generally have smooth 
and featureless IR spectra, in contrast to the prominent dust 
emission features seen in galaxies whose nuclei resemble giant H 
Lregions—the star burst nuclei’*. Nevertheless, in type 2 Seyferts, 
the general form of the energy distribution and lack of marked 
variability suggest that here too thermal dust emission is 
dominant*~*, and in NGC1068 this supposition is supported by 
resolved size of its nucleus“. Dust is observed in absorption at 

10 jm (refs 7, 8) and in emission near 20 jam (ref. 9). Polarization 
has been detected from the UV to 10 pm, and attributed to scatter- 
ing and absorption | at short wavelengths'’® with a possible non- 
hermal component ‘12 to scattering and non-thermal radiation 
the near IR’, and to either absorption or non-thermal emission 
n the 10pm region™, We present here spectropolarimetric 
measurements of NGC1068, between 8 and 134m, which show 
hat the polarized flux at these wavelengths is intrinsic to the 
emission mechanism and not due to absorption by aligned grains. 
The observations were made on 20 August 1983 at the //36 
hopping secondary focus of the 3.9-m Anglo-Australian Tele- 
ope (A-AT) and on 13 December on the 3.0 m Infrared Tele- 
ope Facility (IRTF) in Hawaii. The UCL (University College, 
ndon) grating spectrometer was modified for spectro- 
olarimetry by the insertion of a rotating half-wave plate (Cleve- 
and Crystal Inc., Ohio) on the telescope axis and a fixed wire 
grid analyser, of efficiency >99%, on the cold surface of the 
Sectrometer close to the field stop. The half-wave plate is not 


colonies to grow in the absence ofa specilid growth factor need 
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achromatic and there is a reduction in efficiency at 13 um, 
particularly near 8 um. These effects were calibrated by reference 
to an external wire grid polarizer and appropriate corrections 
applied to the data. 

Integrations of the 25 detector outputs were recorded at Is 
intervals at each of 16 equispaced positions in a full rotation 
of the half-wave plate. This sequence of data points was repeated 
with the source in the other (negative) beam, and a sequence 
(+--+) formed a single unit in the usual photomeric pro- 
cedure; the total integration time was 90 min on each telescope. 
From these data the Stokes parameters for each of the 25 
detectors were derived, and to improve the signal-to-noise ratio 
have been averaged in pairs; the data are presented with a 
resolution of 0.44 um. Flux calibration and correction of 
intensity for telluric absorption were from observations of 
nearby stars while observation of emission lines in planetary 
nebulae and H 11 regions gave the wavelength calibration. For 
these observations a circular aperture of 4.2- and 5.6-ares 
diameter and beam throw 50- and 15-arc s NS were used on the 
AAT and IRTF respectively; our observations indicate that the 
flux in the reference beams is «1% of that observed. 

A second wire grid was placed on the telescope axis to 
determine the position angle calibration. This gave the position 
angle of 10 um polarization in the BN object in Orion as 118°, 
a value also found by R. W. Capps (personal communication); 
we estimate the absolute error on this calibration to be <1°. 

The instrumental polarization was found from observation of 
bright stars. On both telescopes this was apparently constant in 
magnitude and position angle through the spectrum and of 
amount 0.25 + 0.08% ; the present data have been corrected for 
these effects. 

The spectral characteristics of polarization and position angle 
are similar for the two observations of NGC1068, but although 
the spectrum averaged polarizations agreed very well, the corre- 
sponding position angles differed substantially between August 
and December with respective values 44.1 + 3.2° and 59.4+2.2° 
The errors are statistical and may be doubled by uncertainties 
in the instrumental corrections. Figure | shows flux, polarization, 
position angle and polarized intensity as a function of 
wavelength after combining the data sets. The spectrum is similar 
to and consistent with that reported in ref. 8, showing a smooth 
or power law spectrum subject to silicate-like absorption with 
an optical depth 7), = 0.50. This optical depth need not apply < 
to the whole of the 10-um 1 arcs source resolved by Becklin et 1 
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Fig. 1 a, Flux, F,; b, polarization, p; c, position angle, @; d, 

polarized intensity, pF,, of NGC1068 between 8 and [3 um. The 

‘solid curve in b is the polarization to the BN object in Orion taken 

during the same observing period, and in d subject to silicate 
absorption with rg- = 0.5. 


alf, as the spectrum is also consistent with a superposition of 
smooth spectrum sources with a wide range of optical depths. 
Also, a small fraction of the emission, up to 20%, could be 
supplied by optically-thin silicates which, with an effective tem- 
perature of 175 K, could account for the observed 20 um feature. 
The polarization is roughly uniform through the spectrum with 
average value 1.39+0.09%. The position angle is also roughly 
independent of wavelength with a formal average of 54.8 + 1.9°; 
there may be a slight increase near 8 um and decrease near 
13 um. The polarization is similar to that observed by Knacke 
and Capps" in 1974 but our position angles appear to be 
inconsistent with their measurement of 84°+7° at N. Knacke 
and Capps also obtained discrepant polarization angles, and 
had discounted a previous measurement of 55° made a few 
months earlier, as due to calibration errors. Lebofsky et al.” 
found significant disagreement with the 3.5-um position angles 
‘reported by Knacke and Capps, and found that the position 
angle increases with wavelength through JHKL' reaching 125° 
in the latter band; more recent JHKL’ polarimetry (J.A.B., D. 
Axon, J.H.H., M. Ward, I. S. McLean and S. R. Heathcote, in 
preparation) confirms these observations. The observed dis- 
crepancies may reflect undetermined systematic errors which 
are significant at these small polarizations. Nevertheless, there 
is a distinct possibility that the IR polarization may be variable. 
The essential independence of position angle with wavelength 
between 8 and 13 um suggests that only a single polarization 
mechanism is.operating in this region, or that any other mechan- 
_-isms. have similar position angles. In other sources, which show 
—10-m polarization, the mechanism appears to be differential 
absorption by aligned non-spherical grains, as for instance, in 





obscured stars show polarization with electric vector roughly 


the BY object If the grains are e aligha, then there will be -even when allowance is made for extinction by unaligned silicate 










two optical depths, +; and r,, appropriate to electric vector 
parallel and perpendicular to long and short grain axes. 7, Ty 7. 
Ar where Ar depends on the grain shape and size, mgle 
refractive index, the degree of alignment and its componen 
projected on the sky; usually 7,2 7,. In normal Davis-Green 
stein mechanism’, the short KiE axes align along the magneti 
field and electric vectors parallel to the component of fiëtd'in 
the plane of the sky will be preferentially transmitted; ma 


















aligned with the galactic plane. The polarization (see ref. 18) 
p=le == e™™)/(e" 
=(1~e747)/(1 +e7®") = tanh(Ar/2) = Ar/2 


provided Ar is small; if the band strength of any resonance i 
weak, Ar and 7 will have a similar wavelength dependence’ 
The best studied source which shows substantial IR polarization: 
is the BN object in Orion which shows a broad polarization 
peak similar to the silicate feature, suggesting a weak band 
strength and interpreted as due to amorphous silicates!” . Eig 
more obscured sources showing polarization have been observe 
and show very similar behaviour (ref. 20 and our work, i 
preparation). Although the 10 pm spectrum of NGC 1068 shows. 
clear evidence for the silicate absorption feature, and: the 
served position angle of polarization is approximately norma 
to the position angle of the rotation axis of the galaxy (145°) 
the wavelength dependence of polarization is unlike that seen 
in other obscured sources. Figure 1 shows the BN polarization. 
curve superimposed on NGC1068; fitting this curve plus 
featureless component to the polarization fraction indicates tha 
<18% of the polarization can be due to aligned BN-like grai 
Absorption in featureless material is unlikely because’ the 
polarization should significantly decrease between 8 and 13. ym: 
and a much greater extinction than estimated from the de 
of the silicate feature would be necessary. 

Lebofsky et al? have considered a model for NGC1068 
which the emission from an intrinsically polarized power law 
source is scattered and absorbed by surrounding dust. In t 
way they account for the position angle. rotation observe 
between 1.25 and 3.45 pm. They consider that the nuclear soure 
may be non-thermal and only directly observable between Lan 
5m: scattered light dominates in the visible while at longe 
wavelengths it is masked by thermal dust emission. Short-term 
variability would be strong evidence for a non-thermal source 
and the lack of reproducibility of position angle warrants furth 
study. If the changes apparent in position angles of polarizati 
at 3.5 and 10 um over periods of the order of months or year 
are real, then the 10-um polarization could not be due to aligned 
grains. The far IR cutoff places severe restrictions on the size 
of a non-thermal source but Becklin et al. consider that up to 
30% of the 10m emission could arise from a spatially unre 
solved object. There is evidence for a bright central object.o 
<0.2 arcs at 2.2 wm (ref. 21), of 0.07 arcs in the radio at.2:c1 
(ref. 22), and <0.03 arc s in the visible (ref. 23). The latter source 
is unlikely to suffer the large extinction (A,~ 7 mag) implié 
by the 10-4m spectrum, but this extinction need not cover al 
the sources in the nuclear region. Assuming then that these 
observations represent a single object which also contribute 
the 10-,.m polarization, its intrinsic polarization must be at least 
4.0%, a value similar to the 2.2-~m polarization observed. b 
Lebofsky et al’. However a serious difficulty with this interpreta: 
tion is the large change of position angle between L’ and N, 
which cannot be explained in terms of Faraday rotation’, 
because it requires twice as large a change between 8 and 13 pmi 
as between L’ and 8 pm. 

Alternatively, we can consider the possibility that the 10-pm_ 
polarization is due to thermal emission from aligned grains 
Apart from a geometric factor the polarized intensity will be 
PF, = ATB( Tyain)/2 (see refs 18,19) with wavelength depen- 
dence similar to the polarization fraction produced by absorp- 
tion by aligned grains. Again there is no sign of BN-like structure 
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grains of optical depth 0.5. Dilution by featureless emission as 
implied by a:simple two-component model does not affect the 
polarized intensity, provided it is itself unpolarized. Although 
it is possible that the 8-13 um spectrum may be due to radiative 
¿transfer effects in a source of moderate silicate optical depth”, 
we consider that the polarization cannot arise in this way because 
numerical modelling of a range of situations of this sort shows 
that a strong spectral dependence, or even reversal, is expected. 
It seems that if dust emission is responsible for the 10-~m 
“polarization, the grains must be non-silicate and featureless, 
with temperatures ~300 K; their long axes will be predominantly 
` parallel to the electric vector. For these warm grains photon 
emission can dominate the effects of gas bombardment”>”. 
Provided the gas density, ngas < 10° cm’, and temperature Tyas < 
10* K, the rotation temperature of grains will be less than their 
internal temperature, and a magnetic field would tend to align 
grains with their long axes along the field direction, which in 
this case would lie in the plane of the galaxy. For significant 
alignment the field strength would have to be > 107* G. Alterna- 
tively, streaming of dust grains with respect to gas along the 
_ galaxy plane and possibly driven by the luminous central source 
could produce the observed position angle*””*, Such grains 
could also account for the nearly orthogonal position angle at 
L', if they obscure a hot inner component, while scattering could 
give rise to the position angle change in the near IR, as in the 
model of Lebofsky et al. The visual extinction would have to 
be =7 mag, additional to the silicate absorption, to produce the 
observed polarization at K. A prediction from this model is that 
the polarization at M should be small with position angle close 
to either 55° or 145°. 

These observations indicate that the 10-um polarization in 
NGC1068 is not due to absorption by aligned grains but arises 
in-emission. We cannot distinguish between a small and variable 
contribution from a non-thermal source, or emission from 
aligned non-silicate grains; position angle monitoring at these 
wavelengths may be of value. Because other Seyferts are all 
fainter by more than an order of magnitude, this may well be 
-the only Seyfert which can be studied in this way from ground- 

based telescopes. 
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Cygnus X-3 is a poorly understood but interesting galactic X-ray 
source. It is unusual in that it shows variable low-state (S, < 1 Jy) 
radio emission’ as well as spectacular radio flares (S,~ 20 Jy). 
The spectacular flares have long been interpreted as synchrotron 
emission from an expanding source; more recent work? implies 
that Cyg X-3 may be one of the few identified radio jets in the 
Galaxy. Flux-density variations with a period of 4.8 h have been 
discovered at X-ray? and IR? wavelengths, and possibly at y-ray 
energies~’ from 10° eV to 10°% eV. The X-ray emission is probably 
produced in a binary system composed of a low-mass star orbiting 
a compact object with an accretion disk and an accretion disk 
corona”. As interstellar absorption’ (A, = 19) precludes study of 
the optical emission, the applicability of this model te Cyg X-3 
rests heavily on analogy with other sources with similar X-ray 
properties (such as, 4U 1822-37 and 4U2129 + 47). We report here 
observations with the Very Large Array (VLA) of Cyg X-3 at 
several radio wavelengths which show that the radio emission in 
its low state may be interpreted as arising entirely from the 
superposition of a series of flares that are wavelength dependent 
with an apparent period near the 4.8-h X-ray period’. A model 
of the ‘source, in which each flare represents the injection of 
relativistic particles into a small volume which subsequently 
expands at constant velocity, is qualitatively consistent with the 
data. 

There is little agreement on the location and mechanism of 
the low-state radio emission, Seaquist and Gregory'' have sug- 
gested synchrotron emission from particles embedded in a stellar 
wind. Vestrand'* has suggested that y rays accelerate the rela- 
tivistic electrons through Compton collisions and pair produc- 
tion. The low flux density of Cyg X-3 in its low state and source 
confusion make observations difficult, and relatively few 
observations have been reported. The published data'*“'* do not 
give a good definition of either the shape or the time evolution 
of the radio spectrum. 

We have initiated a programme to study the evolution of the 
radio spectrum of Cyg X-3 in its low state. As part of this 
programme, we monitored the flux density of Cyg X-3 at the 
VLA for 6h from 1.30 to 7.30 UT on both 17 and 18 September 
1983 and for 11 h from 16.20 UT on 3 December to 3.20 UT on 
4 December 1983 at 1.3-, 2-, 6-, and 20-cm wavelength. Coordin- 
ated X-ray observations in September and millimetre observa- 
tions in December will be reported elsewhere. The flux density 
at each wavelength is plotted as a function of time in Fig. la. 

Our procedure was to observe Cyg X-3 at each of the four 
wavelength bands in succession and then to observe a nearby 
source (2005 +403) at each wavelength for a relative flux density 
calibration. All Cyg X-3 scans were taken within 15 min of a 
calibrator scan, which is important at 1.3- and 2-cm wavelengths 
to eliminate variations of the telescope gain. The flux density 
of 2005 +403 was determined by observations of 3C286. We 
estimate calibration errors relative to 3C286 to be <5% at 1.3 cm 
and <2% at all other wavelengths. 

The VLA was in the A configuration'’ in September and in 
a mixed AB configuration in December. For the first 4h on 17 
September only five inner antennas were available, while for 
the first 2h on 18 September only five outer antennas were 
available. The full array (27 antennas) was available for the rest 
of the observing time. A 50-MHz bandwidth was used at 1.3-, 
2-, and 6-cm wavelengths; a 25-MHz bandwidth was used at 
20-cm wavelength to avoid possible interference. Right and left: 
circular polarizations were observed in each of two frequenc | 












Fig. 1 a, Flux density at each 
of the four wavelengths plot- 
ted as a function of time for 
the 17, 18 September and 3-4 
December 1983 data. The 
time axis is labelled with UT 
days since the beginning of 
1983, for example, 1.30 UT on 
17 September is 259.06. The 
to error bars on the first 2-cm 
and the last 1.3-cm point are 
typical for those. wavelengths 
in: December. All other error 
bars are plotted unless they 
are smaller than the symbols. 
The long tick marks at the top 
of the plot indicate X-ray 
minimum as predicted by the 
ephemeris of van der Klis and 
Bonnet-Bidaud”. b, As a 
except that wavelength 
dependent time delays com- 
puted by cross correlation of 
the December data have been 
removed from all the data. 
The delays used are —15, 0, 
52, and 239 min at 1.3-, 2-, 6-, 
and: .20-cm - wavelengths, 
i respectively. 
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bonds, The flux density values in Fig. 1a reflect a weighted 
average of the four channels at each wavelength. 

All or part of six flares were observed, two in each observing 
day. The properties of each flare are such that the longer the 
‘wavelength, the lesser the amplitude and the later the time of 
maximum, Cross-correlation of the flux density versus time for 
December reveals that the 1.3-cm flux density variations lead 
the 2-cm variations by 15+5 min, the 2-cm variations lead the 
6-cm variations by 52+1 min and that the 2-cm variations lead 
the 20-cm variations by 2397 min. The quoted errors are lo 
walues determined from the distribution of maximum correla- 
tions obtained in 21 simulations in which we added gaussian 
noise with variance set by the instrumental noise to the raw 
data. The errors, therefore, also include the effects of the finite 
span e of the data: Thus the Hore t that peaks at oe 336. 83 
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at 1.3-cm wavelength peaks at day 336.84 at 2 cm, day 336.88 
at 6 cm, and at day 337.01 at 20cm. The 2-1.3 cm and 6-2 cm 
delays on the two days in September are formally 60% larger _ 
than the corresponding December values, although they are not. 
as well determined because we do not have complete coverage 
of any one flare at all three wavelengths. There is no significant | 
variation in the 20-cm data for September. Figure Ib shows the | 
data with the wavelength-dependent delays determined from 
the December data removed from all the data. It reveals ‘how © 
well a single set of delays aligns the maxima and minima at. all a 
wavelengths. k 

We used a correlation analysis to estimate the time between 
subsequent flares on the three days. Cross correlation of the 
1.3-cm. and 6-cm flux densities on 17 September yielded. 
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Fig. 2. Flux density at 6-cm wavelength from 17 September (x) 

and 18 September (A) plotted against X-ray phase with zero phase 

corresponding to X-ray minimum. While we have folded the data 

on the X-ray period, similar graphs would result using periods in 

the range 4.8-5.1 h. Each datum is plotted twice for clarity, once 
in the shaded portion of the plot. 


separation of 5.4h between the two flares on that day. Cross- 
_ correlation of the 2-cm and 6-cm flux densities on 18 September 
„yielded significant maxima at —0.167 and +0.056 days, implying 
_a separation of 5.4h. Autocorrelation of the 1.3-cm and 2-cm 
December data yielded a maximum at +0.207 days, implying a 
flare separation of 5.0h. The September estimates are limited 
by the incomplete coverage of the flares and may have biases 
vas large as 0.5 h, while the December estimate is limited by the 
instrumental noise (lo is 0.1 h). The similar time separations 
and the relatively smooth light curves (see Figs 1, 2) suggest 
that the flares may be periodic. Assuming periodicity, the obser- 
ved separations require that the 2-cm flare at day 260.30 is the 
fifth one following the 2-cm flare at day 259.26. With this 
information, cross-correlation between the 2 days of the same 
wavelength data yields 5.06, 4.98, and 4.82h at 1.3-, 2-, and 
_6-cm wavelengths, respectively. This is consistent with the 4.8-h 
X-ray period although favouring a value about 0.1 h longer. 
_« We estimated the probability that the source is not periodic 
‘at the X-ray period with the following x° test. We binned the 
data for the two September days at the known X-ray period 
with bin sizes corresponding to the sampling interval (15 min). 
We computed a x° value using the variance of the points within 
the bins to predict the scatter among the bin-averaged fluxes. 
The resulting probabilities that the deviations observed could 
have occurred by chance are 14.7%, 0.3%, <0.01%, and 97.3% 
for 1.3-, 2-, 6-, and 20-cm wavelengths, respectively. (For a 
conservative estimate of y°, we used a value of the variance 
within the bins equal to the nominal value plus the lo error on 
that value'*.) Thus the flux densities at 2- and 6-om wavelengths 
are probably periodic. Figure 2 shows the 6-cm data from 
September folded at the X-ray period, which graphically illus- 
trates the apparent periodicity. 
* Using this same y? analysis, we searched periods from 1.7 to 














5.8 h, the range in which enough data exists to perform the test. 
The peak values occurred at 5.0, 4.9, and 4.8 h, for 1.3-, 2-, and 
6-cm wavelengths, respectively. The only other significant proba- 
bility was at 6 cm at 4.0 h (<0.01%), an alias of the 4.8-h period 
arising from the gap in sampling. 

Although the present data set cannot make a significant dis- 
tinction among periods in the range 4.8-5.1 h, the results of the 
correlation analysis and the y? binning analysis point to a period 
slightly longer than 4.8 h. Furthermore, the phase of the radio 
flare at the time of X-ray minimum in the December data differs 
from that in the September data, also consistent with a small 
difference between the radio and X-ray periods. An alternative 
hypothesis is that the radio emission is periodic at the X-ray 
period with some phase jitter. Observations over a greater time 
baseline are needed to confirm the periodicity and to establish 
any difference between the radio and X-ray periods. 

A model in which each flare results from the injection of 
relativistic particles emitting synchrotron radiation into a small 
volume which subsequently expands at constant velocity!?! is 
qualitatively consistent with the data. The | marcs size 
measured by Geldzahler er al.'° implies a brightness temperature 
~10° K, supporting the hypothesis that the emission is nonther- 
mal. The expanding source model assumes magnetic flux con- 
servation and that adiabatic energy losses dominate synchrotron 
and inverse Compton losses. At early times in a given flare, 
synchrotron self-absorption is important and the total flux 
density grows with the increasing source solid angle (and to a 
lesser extent with the decreasing magnetic field strength). After 
the source becomes optically thin, the flux density declines due 
to the decreasing magnetic field strength and adiabatic losses. 
The peak in the spectrum, separating the two optical depth 
regimes, moves to longer wavelengths and lower flux densities 
with time—characteristics seen in the Cyg X-3 data. The rate at 
which the spectral peak moves is anticorrelated with the magni- 
tude of the flare; this is also seen in the Cyg X-3 data as longer 
delays between flux-density variations at the different 
wavelengths in the September than in the December flares. If 
there are periodic particle injections, subsequent flares are only 
cleanly separated in time at the shortest wavelengths, making 
observations at these wavelengths (A <2 cm for Cyg X-3) impor- 
tant for establishing an optically-thin spectral index for a single 
flare. 

The model incorporates three basic observational parameters: 
the peak flux density at a reference wavelength, the time required 
to reach peak flux density at that wavelength, and the optically- 
thin spectral index. The photon spectral index is directly related 
to the electron-energy spectral index. The remaining two 
observational parameters provide two relations between three 
physical parameters: the magnetic field, the particle density 
(each at some reference size or time) and the expansion velocity. 
Thus, we need one further constraint to determine the model 
completely. 

Were the flare to begin at an arbitrarily small size, the magnetic 
field strength and the photon energy density would be arbitrarily 
large. Hence, the model is only applicable at sizes greater than 
some minimum size at which the model assumptions for energy 
losses are valid. Particles injected into a smaller volume with 
the physical parameters computed from the model would rapidly 
lose their energy. (The parameter values for the minimum size 
are similar to those obtained by assuming equipartition of energy 
or minimum energy.) For the second 17 September flare, for’ 
example, this size is ~6 x 10’? cm, corresponding to 0.07 m ares ° 
at a distance”? of 12 kpc. An upper limit on this size comes 
from requiring that the observed time scale of variation is less 
than a light crossing time. The 1.3-cm flux density increased by 
a factor of 4 over 3,000s in the September flare. Hence a. 
conservative upper limit on the source radius at the time of 
particle injection is 10'* om. ; 

This upper limit on the source size combined with a reasonable, 
upper limit on the total energy (10% ergs per flare) restricts the” 
range of expansion velocities to 0,05c—0.25¢, which would corres 
spond to the source diameter increasing at 0.06-0.3 m arcs h™ 








Assuming equipartition of particle and magnetic-field energies 
implies a value of the magnetic field (at source radius 10° cm) 
of 50 G and a relativistic electron energy density of 10° erg cm™. 
The limits on source size and total energy restrict these quantities 
to within two orders of magntiude of their equipartition values. 

More detailed analysis of the current data (including radia- 
tive-energy loss mechanisms, light crossing time, and free~free 
absorption by thermal particles) will allow a more stringent test 
of the model and a better constraint on the parameters. The 
velocity range and the minimum source size predict that the 
expansion of this source may be directly measurable with very 
long baseline interferometry (VLBI) techniques. By measuring 
the expansion velocity, VLBI observations would completely 
determine the physical parameters of the model. 

If the apparent radio periodicity is supported by additional 
observations, the synchrotron emission region of Cyg X-3 is 
undergoing periodic particle injection. Periodic nonthermal 
tadio emission has been observed from the much longer period 
binaries Cir X-1 (ref. 24), LS 1+61°303 (ref. 25), and SS 433 
(refs 26, 27), although the flaring mechanisms in those more 
widely separated systems are probably different. In the case of 
Cyg X-3, periodic production of relativistic particles may be a 
natural result of a surge in mass transfer (as suspected**”’ for 
SS 433) at periastron passage in an eccentric orbit. The possible 
~0.1-h difference between the radio and X-ray periods could 
arise from the beat between the 4.8-h orbital period and the 
possible 19-day period found from long-term timing studies of 
Cyg X-3 (ref. 28). The 19-day period is, in fact, consistent with 
apsidal motion of a binary orbit with an orbital eccentricity” 
of 0.03. A precise value for the radio period would, therefore, 
provide important information on the dynamics of the binary 
system itself. 

The minimum size derived from our model is 60( M/M)? 
binary radii, where M is the total mass of the system and Ma 
is the mass of the Sun. Hence the expanding synchrotron source 
model requires a mechanism for transporting energy from the 
binary system to the electrons in the outlying radio emission 
region. Vestrand’s”* suggestion of y-ray interactions with outly- 
ing thermal material is possible, although bulk transport of 
energy in jets (as in SS 433) is perhaps more promising. 

The VLA is a facility of the National Radio Astronomy 
Observatory, which is operated by Associated Universities, Inc., 
under contract with the NSF. 
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Variations in chemical composition during solar flares have beer 
inferred from elemental abundance changes in cosmic ray fluxes, 
but have so far not been detected spectroscopically. We present. 
here the first spectroscopic evidence for the variation of the corona 
calcium abundance in high-temperature solar flare plasmas. The. 
analysed data consist of the high-resolution X-ray flare spec 
(A/AA = 4,000) observed with the Bent Crystal Spectromete: 
(BCS) on board the Solar Maximum Mission (SMM) satellit 
and described in detail by Acton et al.'. The observed abundance 
variation has important consequences for the analysis and interpre 
tation of XUV and X-ray spectra. í 
In its lowest energy channel the BCS observes the X-ray 
spectrum in the vicinity of the helium-like resonance, forbidden 
and intercombination emission lines of Ca xIx and the con 
tinuum, to the blue of the resonance line (see Fig. 1b in ref. 2) 
From BCS spectra we derive the line-to-continuum ratio (1,/Ie 
for the resonance line of Ca xix (A =3.1781 A) as a function” 
of temperature. 
We express the 1, /J. flux ratio as a function of electron’ 
temperature (T) for an optically-thin, isothermal plasma as: ©- 
Fee Ac Near QUT) (1) 
Ic Neg G(T) 
where Ac, is the calcium abundance relative to hydrogen, UTY- 
is the effective collision strength for the line emission (see ref. 
3), and G(T) is the generalized Gaunt factor describing the 
continuum emission (see ref. 4). Neaws/ Nea, the concentration. 
of the helium-like calcium ion relative to the total number of | 
calcium ions, also depends on temperature. 
An example of the observed l/c evolutionary time 
behaviour during a flare is shown in Fig. 1 for the flare which 
occurred on 14 July 1980 at 08.25 UT. The electron temperature 
has been estimated from the ratio of the dielectronic satelli 
Ca XVI *P)/2—D3/> (A = 3.208 A, line k in the notation o 
Gabriel’) intensity to the Ca XIX resonance line ('So-'P,) - 
intensity using the atomic data given by Bely-Dubau et al?. This 
line ratio is a sensitive measure of the electron temperature and 
because the satellite is formed by dielectronic recombination. 
the accuracy does not depend on the assumed ionization balance 
calculation. The indicated +1o error bars were estimated from 
the counting statistics of the resonance and satellite lines. 
The observed I, / J. evolution during the heating phase (a 
in Fig. 1) shows a hysteresis behaviour with temperature that is. 
not predicted by equation (1) which is single-valued for all. 
values of temperature. The hysteresis of J, / Tc with temperature 
has been observed in several flares and three possible explana: 
tions are being investigated: the presence of a small amount (a 
few per cent of the total emission measure) of very hot plasma 
(T > 10° K); emission produced by non-thermal electrons; or a 
variation of the calcium abundance during the heating phase... 
Although a transiently-ionizing plasma could possibly give risë 
to the hysteresis of J,/ Ic with temperature, the time of <10s 
to reach equilibrium for a typical density of 10'° cm? is much: 
shorter than would be necessary to explain the observations. 
Figure 2 shows the cooling phases (bc in Fig. 1) for the 14 
July 1980 flare and for the flare which occurred on 29 June 198Q_ 
at 18.00 UT. During the cooling phase the temperature behaviour | 
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Fig. 1 The line-to-continuum ratio (I,,/ Ic) evolutionary time 
behaviour for the flare on 14 July 1980, Times in seconds after 
8.24.35 UT are indicated in parentheses. The mean electron tem- 
perature has been estimated from the satellite-to-resonance line 
ratio (line k to line w in the notation of Gabriel’) using the atomic 
data given by Bely-Dubau et al?. ab corresponds to the heating 
phase, be to the cooling phase; +1o error bars are indicated for 
the temperature estimations and +30 error bars are indicated for 
the J, / I, values. 


of I,/ Ic had the same form for 13 flares we considered, except 
that the normalization factor varied by as much as 2.5 between 
flares in extreme cases. This observed variation in the normaliz- 
vation factor is probably due to the different coronal calcium 
abundance in each flare. We have ruled out multi-thermal effects 
as the cause of the observed variation in the normalization of 
I,/ Ic during the cooling phase. As all the factors in equation 
(1) apart from the abundance depend on atomic physics and 
„are thus not expected to vary, we are left to conclude that we 
have observed for the first time a flare-to-flare variation of the 
coronal calcium abundance. 
The BCS continuum fluxes were checked by comparison with 
observations obtained with the broad-band Hard X-Ray Imaging 
Spectrometer (HXIS), on the SMM spacecraft. Preliminary 
work carried out on HXIS data has shown a similar hysteresis 
behaviour with temperature for the ratio of the measured-to- 
predicted count rate for channel 2 (5.5--8.0 keV). In this energy 
band there is a contribution of ~30-50% from Fe Ka line 
radiation and thus the observed behaviour may be attributable 
to variations in the iron elemental abundance. If proven, these 
observations could provide spatial information concerning the 
elemental composition distribution. 
Following theoretical considerations’”* that thermal diffusion 
could have a significant role in differentiating the elemental 
abundance structure inside the Sun, several authors have investi- 
gated theoretically the role of this effect on the composition of 
the upper solar atmosphere. It has been predicted””'' that a 
ayer should exist within the transition region where the heavy 
lemental abundances (relative to hydrogen) should be 
increased by a significant factor—sometimes much greater than 
0—but to date there has been no observational evidence!? 
onfirming these results. The only positive detection of varying 
lemental composition of the solar-originated plasma has been 
ound in solar wind composition measurements'* (depletion of 
elium, enrichment of heavier elements in the post-flare-associ- 
ted shocks) and in observations of the middle-energy, solar 
cosmic rays'* (enrichment of heavier elements proportional to 
atomic weight). 
The observed variation (see Fig. 2) in the calcium abundance 
or different flare plasmas could be attributed to: (1) variations 
in the elemental composition of the pre-flare plasma or (2) 
wariations in the speed of the elemental separation process 
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Fig.2  1,/1¢ for cooling phases of two different flares. The error 
bars are as in Fig. 1. The constant vertical shift corresponds to a 
variation in the calcium abundance by a factor of 1.4. 


during flare heating. The fundamental process providing the 
basis for any elemental separation is probably differentia: 
diffusion occurring across steep temperature and pressure 
gradients. Detailed considerations of the role of diffusion in 
cases (1) and (2) will be given elsewhere. 

The calcium abundance variation probably represents the first 
spectroscopic observation of a change in the flare plasma 
chemical composition. This discovery has important consequen- 
ces for the analysis of flare spectra in the X-ray region and at 
longer wavelengths. Many diagnostic techniques rely on the 
assumption that the abundance of a given element is constant 
or that the relative chemical composition is constant in time 
and space in the solar corona. This assumption will now have 
to be reconsidered. For example, differential emission measure 
analysis may be affected, as well as temperature and density 
line ratio diagnostics which rely on lines belonging to different 
elements. It is possible that the relative chemical composition 
of heavier elements is not altered significantly from flare to flare, 
but this needs to be verified experimentally. 

The potential of abundance variation analysis as a method 
of transition-region diagnostics will probably stimulate future 
observing programmes. The chemical composition should be 
considered as an additional parameter for characterizing the 
flare plasma. 
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; Snow and ice feedbacks prolong 
effects of nuclear winter 
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Recent studies using climate models'~ have suggested that drastic 
surface cooling (the “nuclear winter’’') caused by smoke and dust 
would follow a large-scale nuclear war, with possible drastic effects 
on the biosphere’. None of these studies looked at the long-term 
effects of time of year on the results. Moreover, although the 
general circulation model experiments of Covey et al? had 
snow/albedo feedback on land, none of the experiments considered 
long-term seasonal cryospheric interactions with the forcing, 
especially the sea ice/thermal inertia feedback”. Although, in the 
previous studies, the presumed transport of smoke and dust to the 
Southern Hemisphere was mentioned, no detailed investigation of 
its effects has been made. I investigate here the interactions of 
snow and sea ice with the forcing, and look at the effects over a 
period of several years for a variety of strengths of the forcing 
and latitudinal distribution of the nuclear smoke and dust, includ- 
ing Southern: Hemisphere injection. The seasonal dependence of 
~poth the forcing and the response are also investigated. Previous 
“results are supported and possible longer lasting effects are 
` revealed. The considerable uncertainties that remain are discussed. 

The experiments were conducted with a seasonal energy bal- 
ance climate model based on that of Sellers”'. This model, 
described in detail elsewhere", has been used to simulate the 
effects of volcanic eruptions''-'* and several other forcings'*'* 
on climate. It uses 15-day time steps and soives for surface air 
temperature. over land and water separately, in 10° latitude 
bands. Incoming and outgoing radiation are considered in detail 
and horizontal energy transports by the atmosphere and ocean 
are parameterized. Although energy balance climate models 
successfully reproduce mean properties of the observed climate 
system, details which may be important for the nuclear winter 
problem cannot be considered explicitly. Variations of atmos- 
pheric lapse rate, such as surface inversions, cannot be modelled. 
The three-dimensional circulation of the atmosphere, and its 
response to, and interaction with, the smoke and dust must be 
externally specified in this experiment, rather than internally 
calculated. The simple ocean model, with fixed mixed layer 
depth (from 90m at the Equator to 40m at the poles) and 

diffusive heat transport, prevents detailed consideration of ocean 

dynamical response. This climate model has the advantage, 
however, that it can be run rapidly on the computer and con- 
siders snow and ice feedbacks explicitly. The experiments repor- 
ted here must, therefore, be interpreted as indicative of possible 
long-term interactions with the climate system that may result 
from forcing by nuclear smoke and dust. The exact surface- 
temperature responses would be different if the above details 
were included in a more complex model. 

This climate model represents an energy balance for the 
vertically integrated surface~atmosphere system. In this experi- 
ment, the model is used to simulate the climate system beneath 
the nuclear smoke and dust layer. Turco et al.'s calculations’ of 
the solar-energy flux at the ground for different scenarios were 
used to force the model. The scenarios of Turco et al. were first 
extrapolated to 400 days where the reduction of solar radiation 
went to zero for all cases. To force the model, the solar flux at 
each latitude band where there was smoke and dust was reduced 
by the same percentage for the particular scenario as given in 
their Fig. 4. Because Turco et al.'s values were for smoke and 
dust spread evenly over the Northern Hemisphere, they were 

adjusted according to the formula: 


T'=T! 


oe 
__ where T’ is the per cent transmission of solar radiation actually 











Table 1 Forcing variations of the experiments 





Time dependence of the forcing 






















































Reduction of insolation according to Turco et al.’ (their Fig. 4) 


l 5,000 MT-baseline 
14 100 MT--city attack 
17 10,000 MT~-severe 


Latitudinal dependence of forcing £2 
Ref. 4 30-70° N 2.2735 
Ref. 3 10-90° N 1.205 
Global 90° S~90° N 0,500 
Gradual Southern 10--90° N 1.205 

Hemisphere (SH) 0~90° N : 0.667: 
0-90° S (after 3 months) 0.333 


Control case 


Ref. 4 (30-70° N), f = 2.273 
Ref. 1 5,000 MT~baseline (case 1): 
Summer (war begins 1 July) 


Time war begins 


Winter (1 January) 
Spring (1 April) 
Summer (1 July) 
Autumn (1 October) 





used as forcing, T is the per cent transmission from ref, |, and 
fis a latitudinal factor equal to the reciprocal of the percentage 
of the Earth covered by the smoke in units of Northern Hem 
sphere area. The equation was derived by considering that solar 
flux reduction is due to an exponential decrease in radiati 
for a linear increase in smoke amount. The values of f are give 
in Table | for the different cases used here. 

All other components of the climate model were not change 
including the outgoing long-wave radiation. This way of forcing 
the model implies that the smoke and dust layer is high in 
atmosphere where it has little impact on the long-wave radiatio! 
due to its particle size distribution. The long lifetime. of the 
smoke in the upper troposphere follows from the results. of 
MacCracken? and Turco et al.' that convection is essentially ¢ 
off due to the extreme solar absorption by the smoke. The results 
that follow depend on these assumptions. 

Table 1 also summarizes the forcings used in these experi- 
ments. Three of Turco ef al.’s scenarios were used for the time 
dependence of the forcing, case 1 (5,000 MT~baseline), case 14 
(100 MT-city attack) and case 17 (10,000 MT-severe). These 
scenarios do not necessarily represent the most realistic or m 
probable radiative forcings, but were chosen to allow the climate 
model to assess the importance of feedbacks on the long-term 
response, The effects of the time of initiation of the war were 
tested by starting the forcing in four different seasons. Four 
different latitudinal distributions were used, two to correspond 
to previous GCM experiments, from ref. 4 (30° N-70° N uni- 
formly distributed) and from ref. 3 (10° N-90° N uniformly 
distributed), a globally uniform case as an extreme limit, anda 
case called Gradual Southern Hemisphere where the smo 
spreads gradually to the Southern Hemisphere after 3 month 
This last case tests the suggestions of previous models that a 
cross-equatorial circulation would develop due to the large 
temperature gradient caused by the smoke which would then 
transport the smoke to the Southern Hemisphere even if I 
bombs were exploded there. 

Because of the many different possible combinations of fore 
ings that could have been used, it was decided to perform a 
control case, and then change one factor at a time from this 
The control case chosen used Turco et al.’s 5,000 MT-baseline 
scenario (their case 1) and Covey et al.’s* latitude distribution 
(30° N-70° N), with the war beginning in summer. 

Nine different runs were made. They are listed in Table 2 and 
the changes in surface temperature from the pre-war values are 
plotted in Fig. | as a function of latitude and time of year. Onl 
the first 4 yr of results are shown. After this time, the temperatu 
response shows a slow oscillation with the same pattern as Jr 
year 4 as the effect. gradually diminishes. The same behaviow 








Table 2 List of results shown in Fig. | and maximum cooling produced 











Latitudinal Time 
Run dependence dependence 
la Ref. 4 Ref. | Case | (baseline) 
Ib Ref. 4 Ref. 1 Case | 
Ye Ref. 4 Ref. | Case | 
Ref. 4 Ref. 1 Case | 
Ref. 4 Ref. | Case | 
Ref. 4 Ref. | Case | 
Ref. 3 Ref. 1 Case I 
Gradual Southern Hemisphere (SH) Ref. 1 Case I 
Global Ref. | Case | 
Ref. 4 Ref. | Case 17 
(10,000 MT--severe) 
Ref. 4 Ref. | Case 14 
(100 MT-city) 





Time Results Maximum temperature 
war begins shown for: change (°C) 

Summer Land (control) ~214 
Summer Ocean ~10.7 
Summer Zonal average ~15.4 
Autumn Land 8.3 
Winter Land ~B.1 
Spring Land ~16.9 
Summer Land —21.1 
Summer Land ~19.4 
Summer Land ~18.3 
Summer Land ~22.9 

(year2) ~16.4 
Summer Land ~ 19,3 
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an be seen in response to forcing from volcanic eruptions both 
for a 9-yr climate model simulation? and in surface tem- 
perature observations for the past 90 yr (ref. 16). 

Results la, 1b and Ic (Table 2) are all from the same control 
tun, and present the surface-air temperature change for land 
grid areas, ocean grid areas and the zonal average. The effect 
is initially much larger over land, due to the lower thermal 
inertia. The maximum cooling is 21.4°C and occurs in the 
50-60° N latitude band 45-60 days after the beginning of the 
war. The Northern Hemisphere average land cooling at this time 
is 11.5° C, which agrees well with MacCracken?, Over the ocean 
grid boxes, the maximum effect is delayed and smaller, but 
occurs in the northernmost grid box, due to lower thermal inertia 
here caused by the presence of sea ice, and has a value of 10.7°C 
90--105 days after the war starts. Even in the mid-latitude ocean 
areas, large temperature drops are found, which have not been 
found in any of the previous studies. A much more detailed 
ocean model than the mixed layer with fixed depth and diffusive 
heat transport used here is needed to investigate these effects 
further. The zonal average maximum effect of 15.4°C agrees 
almost exactly with MacCracken’s results, as does the land value 
with the other previous results. 

The climate model response in the first year after the war 
begins can be easily understood as a linear response to decreased 
insolation. During the second year, as the forcing disappears, 
the nonlinear effects of the snow and ice feedbacks become 
apparent. The large area of cooling of more than 5°C found in 
the mid and high latitudes in the summer over land is due to 
the snow/ albedo feedback. The additional snow produced due 
to the large previous cooling reflects more solar radiation, 

nhancing the cooling. This feedback is only important in the 
summer when there is substantial insolation®. Over the ocean, 
the largest cooling in the second year is at the poles in the 
winter. This pattern, produced by the sea ice/thermal inertia 
feedback’, is caused by the enhanced amplitude of the seasonal 
cycle of temperature. This occurs when cooling produces more 

ea ice which lowers the thermal inertia of the ocean. The sea 
ice/ albedo feedback, which in the absence of the thermal inertia 
feedback would produce the same pattern that the snow/ albedo 
feedback produces on land, with enhanced sensitivity in the 
jummer, is completely overwhelmed by the much stronger ther- 
mal inertia feedback over the ocean. (The feedbacks discussed 
here ignore possible effects of smoke particles settling on the 
now and ice and hence lowering the albedo until the next 
nowfall'’. These dirty snow effects may weaken, or even 
enhance, these feedbacks.) 

-The mixture of these two feedbacks from land and ocean can 
be seen in the pattern of the zonal average for the second year. 
The overall pattern over land begins to resemble the ocean 
pattern at the end of the second year, as the ocean effects 
ominate due to the horizontal mixing. In the third year, only 
asmall area of sensitivity is evident in the summer high latitudes 
over land from the snow/albedo feedback. By the end of the 





and. a slight amcorbing 6 would produce a more realistic renons ) 


second year, 18 months after the start of the war, cooling over 
the oceans is of the same amplitude as over land, and after that 
it is even larger, as the ocean thermal inertia slows the recovery 
to pre-war temperatures. Note that these feedbacks and patterns 
are also evident in the equilibrium response of the climate model 
to external forcing, such as changing solar constant or CO, (refs 
8, 18), as opposed to the transient response shown here. 

Because of the cryosphere feedbacks discussed above, the 
response of the climate to nuclear war is longer and larger than 
previously found by Turco et al.’ who did not include these 
feedbacks. It would presumably be very difficult to grow crops 
not only in the summer of the year that the war began, but also 
in the summer of the next year, with temperatures over land 
almost 6°C (> 10°F) colder than normal. 

Several other experiments were conducted to test the effects 
of time of year that the war begins, latitudinal spread of the 
smoke, and strength of the forcing. To save space, only the 
response over land is shown for comparison with the control 
case. The response over land is probably of more interest any- 
way, because it is larger than the first year response over the 
sea, and humans and agriculture are affected. The relative effects 
over the ocean, as shown for the control, are the same for all 
these cases. 

Runs 2, 3 and 4 tested the effects of beginning the war in 
autumn, winter and spring. As can be seen in Fig. 1, the effects 
in the autumn and winter cases are not as large as in the control. 
This is because there is less insolation at the time of the maximum 
atmospheric loading from smoke and dust, and, therefore, less 
absolute reduction of incoming energy. In the autumn case, the 
initial effect is larger than the largest effect for the winter case, 
but it occurs in the autumn and does not last as long. The cooling 
during the following summer, however, is more than 4 °C during 
the entire summer from 40° N to the Pole. In the winter case, 
although the initial effect is small, enough smoke remains to 
cause a large effect the following summer, with a cooling as 
large as 8 °C. This effect was not seen by Covey et al.* because 
they ran their winter experiment for only 20 days. The spring 
case is quite similar to the summer case with large cooling during 
the first summer, and substantial, although not quite as large, 
cooling during the second summer. 

Runs 5, 6 and 7 illustrate the effects of spreading the nuclear 
smoke and dust over a greater latitudinal extent. In the Aleksan- 
drov-Stenchikov’ case (run 5), the results are almost the same 
as the control case, but the cooling extends over more latitudes 
and persists at a slightly larger amplitude in the years after the 
war. Although the smoke concentration is lower in this case 
than in the control, there is still so much smoke that almost all 
of the sunlight is initially prevented from reaching the ground. 
(The small regions of enhanced or decreased sensitivity found 
in the tropics in this and the following runs are due to a small 
model instability relating to its inability to calculate the circula- 
tion correctly under such extreme forcing. They are not real, 
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‘smoke distribution, 





In the Gradual Southern Hemisphere case (run 6), the North- 
ri Hemisphere response is again about the same as in the 
ontral. Although the response is slightly less in year 2, it is 
afger in years 3 and 4 because the forcing at lower latitudes 





makes the effects last longer through ocean cooling. In this case, 


esee maximum cooling of about 8 °C in the tropics, and much 


‘smaller cooling in the Southern Hemisphere. The smaller 
Southern Hemisphere effect is caused by the much larger thermal 


nertia due to the much larger percentage of oceans in this 


‘hemisphere, as well as the lack of land in the high mid-latitudes 
“on which to produce a snow/albedo feedback. This effect is 


illustrated in run 7, where the forcing is the same at all latitudes, 
yut the response is much less in the Southern Hemisphere. This 
is partly because the forcing started in Southern Hemisphere 


winter. A global run starting in Southern Hemisphere summer 


not shown here) produced about the same response in the 
outhern as in the Northern Hemisphere. The larger Southern 
Hemisphere thermal inertia almost exactly compensated for the 


‘larger forcing. 


The effects of using the severe 10,000 MT forcing’ are shown 





in run 8. The results during the first year are virtually the same 


is. in the control case, with the maximum cooling not even 2 °C 


larger. The dramatic difference comes in the second year, where 
the snow/albedo feedback produces a cooling of more than 
46°C during the summer | yr after the war begins. The effects 
persist for several years after this, with year 4 in this case 





esembling year 2 in the control case. Although this result is 


‘almost a ‘worst case’ scenario (more latitudinal spread would 


make it even worse), it should receive serious consideration! 
ecause it is plausible. Run 9 shows that even the smaller 
00 MT-city attack can have virtually the same effects as the 
ontrol case, in agreement with Turco et al’, 
These experiments show that the climatic effects of a nuclear 


war might persist longer than previously calculated. The use of 


a model which includes snow and ice feedbacks and ocean 


“response shows that the effects can be large even | yr after the 


ar begins. Latitudinal spread of the nuclear smoke and dust 
‘an produce large cooling in the tropics where life is more 
sensitive to cooling due to the absence of a natural seasonal 
cycle”, but the cooling there is not as large as would be expected 
from a global average model. 

The results presented here must be considered as preliminary, 


“since the climate model used cannot consider many of the 
complex interactions that might result. These include the 
dynamical and radiative interactions between the atmospheric 


irculation and the smoke, the possibly patchy nature of the 
long-wave radiative interactions, ocean 


irculation and mixed-layer depth responses, atmospheric 


“hydrological cycle responses (including changes in cloudiness 


nd changes in washout rates due to changes in precipitation), 
he effects of considering diurnal solar forcing (R. Cess, personal 





communication), and the effects of placing dust over the smoke 


ather than having them evenly mixed'®. What the initial distri- 
tion of smoke and dust would be is also not well known and 
pends on untested assumptions about numbers and sizes of 
es, number of particles produced per fire, initial rainout and 
washout, particle size distribution and coagulation rates, vertical 


distribution, targeting strategies and initial weather conditions. 


All these processes must be included to produce realistic results. 
In the absence of proof that these assumptions would drastically 
hange the results, the prospect of a nuclear winter following 


virtually any scenario for a nuclear war must be taken very 


seriously. 
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Worldwide marine 
temperature fluctuations 1856-1981 


C. K. Folland, D. E. Parker & F. E. Kates 
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Paltridge and Woodruff’ found a warming of global mean sea- 
surface temperatures (SSTs) of ~1°C in the first half of the 
present century, but there are doubts about its reality because 
spurious temperature fluctuations can arise from changes in 
measuring instruments™? and because inter-annual fluctuations 
may contain sufficient variance to allow the observed inter-decadal 
variations to fall within the limits of sampling error of a stationary 
series’. We present here the results of analyses of worldwide SSTs 
and night near-surface marine air temperature (MAT) fer the 
period 1856-1981 with the aim of estimating the magnitudes of 
recent climatic fluctuations of temperature at the ocean surface, 
taking account of changes in observing procedures. Our results 
show a worldwide temperature fluctuation of range =0.6 °C (in 
broad agreement with a preliminary analysis of global SST”), with 
the coldest period being centred around 1905-10 and the warmest 
occurring in the 1940s. The fluctuation has a similar magnitude 
to, and is nearly in phase with, climatic warmings and coolings 
near the surface of the Northern Hemisphere land masses for the 
period after 1900. Before 1900 the trends are sharply different. 
The data (46 million non-duplicated SST data and 24 million 
non-duplicated night MAT data) were derived from the 
Meteorological Office Main Marine Data Bank*. Observations 
departing from the whole-period normal by more than +6 °C 
for SST and +10°C for MAT were rejected. Relaxation of the 
limits for SST to +9 °C had little effect even in areas of high 
natural variability. The observations were composited into 
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Annual numbers of marine temperature observations for 
the globe, SST, sea-surface. temperature; MAT, nighttime marine 
: ait temperature, . 
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| Fig. 3) Maximum entropy power spectra of corrected global sea- 
sonal marine air temperature (a) and sea-surface temperature (b), 
1861-1980. 


nonthly anomalies from the 1951-60 normal for 5°x5° grid 
reas, taking account of the uneven spatial distribution of 
sbservations and also the space-time variations of the climato- 
ogical average within each area. Areas with insufficient observa- 
ions for these processes were omitted. Some areas of the Pacific 
vith data missing in the 1960s were filled, after further quality 
control, with analysed data obtained from the Massachusetts 
stitute of Technology (MIT) (J. Hsiung, unpublished data). 
te that the analysis of SST reported in ref. 2 used about 40 
million data including some duplicates. 

Daytime MAT observations on board ship . are known to be 
affected by solar heating of the ship's fabric™®. Therefore, only 
MAT at night (solar elevation <0°) was used. Local environ- 
ntal effects cause MAT to be relatively too warm early in the 
ight and slightly too cool later on’, so that night MAT as a 
whole has little bias. The MIT data, being daily averages, could 
Ot be inserted into the night MAT data sets, but comparisons 
etween SST and night MAT for the Pacific for the 1960s indicate 
at the gaps in night MAT will not prejudice conclusions on 
arge-scale changes. Because of the gaps, the shorter reference 
yeriod 1951-60, rather than a longer period, such as 1951-80, 
was used to calculate SST and MAT anomalies; the general 
sharacteristics of the time series of anomalies were found to be 
naffected by this choice. 

Figure 1 shows the annual numbers of SST and night MAT 
ybservations used. Note the reduction during the world wars. 
Graphs (not shown) for individual oceans are similar but there 
ire more Northern Hemisphere than Southern Hemisphere data 
er 1880. Global coverage, measured as an areally weighted 
‘oportion of grid areas with monthly data, averaged 20% before 
100, nearly 60% between the world wars and over 80% in the 
70s. Monthly grid area anomalies were averaged over success- 
ive 3-month periods (January-March and so on) and the results 
iveraged globally with appropriate areal weighting. These global 
sonal’ averages, uncorrected for changing instrumental 
and. procedural biases, are presented sequentially in Fig. 2a. 
The SST and night MAT cyrves are not parallel and de- 
monstrate the need to investigate instrumental and procedural 


-The night MAT data are affected by the gradual increase in 
average elevation of thermometer screens above the sea from 
-6m before 1900 to >20m in the most recent years (R. Cc. 
Cameron, personal communication) as ships increased in size. 
Corrections to reduce temperatures to the mean screen elevation 
15m) considered appropriate during 1951-60 were computed 
using atmospheric surface boundary layer similarity theory’, 


with an estimated Aoba, average, Richardson number: Ri= in the data’®, 














































—0.01. This value was deduced fam (1) tiohitity average fields 
of approximate air-sea-temperature differences, computed from 
night MAT and estimated night SST data with the aid of pub- 
lished data on the diurnal range of SST? and including a 
first-guess adjustment to MAT for changes in screen height; (2) 
a globally-averaged wind speed. The corrections were found to 
be insensitive to likely uncertainties in the value of Ri. The 
marine surface air layer is, on average, superadiabatic: the 
corrections to MAT reflect this and are: up to 1900, -0.13 °C; 
1901-15, ~0.07 °C; 1916-60, 0.0 °C; 1961-70, +0.02 °C; 1971-75, 
+0,06 °C; 1976-81, +0.09 °C. 

The extreme warmth in night MAT between 1942 and 1945 
(Fig. 2a) merits investigation, especially as the SST series did 
not behave similarly. Comparison of sequences of day and night 
MAT during World War 2 showed that the warm episode was 
much less marked by day. The reason is thought to be that it 
was forbidden, at least on UK ships, to shine a torch in an 
exposed place, so night MAT was observed well in-board, with 
consequential larger heating errors (G. V. Mackie, personal 
communication), Daytime MAT was observed normally and 
was thus unaffected. The small peak in daytime MAT around 
1942-45 may have been connected with the Southern Oscillation: 
there was a strong El Niño in 1940-41'*'*. Adjustments to night 
MAT were made assuming homogeneity of wartime day MAT, 
as follows: ~0.1 °C for April 1940 to the end of 1941; “0.5 °C 
for January 1942 to September 1945, a period having more 
belligerents. 

The change from uninsulated bucket measurements of SST 
to chiefly engine intake measurements seems to have taken place 
around the beginning of World War 2. Since World War 2, 
however, insulated buckets have been used. extensively’*, and 
in recent years globally-averaged SSTs derived from buckets 
and from engine intake probes appear from our own researches 
to differ by <0.1°C. Early investigations using uninsulated 
buckets '*!° suggest that SST data derived from these instruments 
are likely to be depressed below their true magnitudes because 
of the cooling effect of evaporation from the wet walls. Thus 
the pre-World War 2 SST data require a positive correction to 
make them homogeneous with the 1951-60 reference period, 
whereas corrections to later SST data are likely to be small. We 
have used the corrected night MAT data as a reference and find 
that this yields a single positive correction of 0.3°C to the 
globally-averaged SST data before April 1940, a slightly smaller 
correction of 0.25 °C between April 1940 and December 1941, 
and zero correction thereafter. This provides a consistent set of 
curves of global SST and night MAT (Fig. 25). Note, however, 
that for regional studies the SST corrections needed may vary 
with season, because of annual cycles of dewpoint depression 
and wind speed which determine the evaporative effects. 

The mid-nineteenth century values appear close to those of 
the 1951-60 reference period; there is a gradual fall of 0.2°C 
in the late nineteenth century followed by a sudden fall of about 
0.3 °C shortly after 1900; the warming of almost 0.6°C up to 
the 1940s is followed by a steady cooling of about 0.25 °C in 
MAT, but the warmest decade in SST is 1951-60. Renewed 
warming appears to have set in after the early 1970s. The 
three-month ‘seasons’ show similar sequences (Fig. 2c). 
Although the time-lag of the long period variations of SST 
behind those of MAT is greatest (>one decade) in the mid- 
twentieth century, it is not entirely absent in the earlier years. 
Except before 1900, the annual night MAT curve for the North- 
ern Hemisphere is in good agreement with the annual Northern 
Hemisphere land curve presented by Jones et al” (Fig. 2d). 
The reality and physical significance of the apparent slight 
time-lag of the MAT curve relative to the land curve should be 
investigated. 

The sequences in Fig. 2b were subjected to analysis of variance 
to test for the significance of inter-decadal changes when com- 
pared with within-decade ‘seasonal’ fluctuations. The F-ratio of 
55.6 for night MAT was considered to have only 5 decadal and 
50 within-decade degrees of freedom because of autocorrelation 
but. nonetheless has.a probability of «0.1%, so. 
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the null hypothesis of no inter-decadal climatic variation must 
be rejected confidently.. Similar results hold for SST (F-ratio of 
45.7 with 4 decadal and 44 within-decade degrees of freedom: 
probability « 0.1%). 

Detrended maximum entropy power spectral analyses on the 
sequences in Fig. 2b (Fig. 3a, b) both show a dominant peak 
at a period of 83 yr, expressing the major climatic fluctuation 
visible in Fig. 2b. Minor peaks at periods in the range 3-5 yr 
appear, according to work in progress, to be associated with the 
Southern Oscillation. An analysis (not shown) of Northern 
Hemisphere SST over the period 1945-80, when the long time 
scale climatic fluctuation was weak, shows fluctuations on a 
dominant time scale of 8-10 yr. 

Figure 4a presents a latitude—time section of zonally-meaned 
corrected SST from 65° N to 45° S. The major climatic fluctuation 
in the first half of the present century occurred simultaneously 
in both hemispheres but with greater amplitude in the Northern 
Hemisphere. The mid-latitudes of the two hemispheres now 
appear to be fluctuating out of phase, as they were to some 
extent before 1900. MAT gives quite similar results. 

Figure 4b shows fields of difference in corrected SST between 
o the globally warmest decade (1951-60) (anomaly 0.0°C) and 
the coldest (1903-12) (anomaly —0.44 °C). The worldwide nature 
_. of the major fluctuations is clear. The corresponding warmest 
_ cand coldest decades for night MAT are probably 1940-49 
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made of global climatic fluctuations of temperature at the og 
surface. They should provide valuable clues to the mechanisn 
of climatic change. E 
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uring the last ice age, ice sheets covered large portions of North 
merica, Europe, Asia, and the Arctic Ocean. The ice sheets were 
pmposed of meteoric water, enriched in the light isotope of oxygen 
$0), leaving oceanic seawater correspondingly enriched"? in '*O. 
‘he volume of past continental ice sheets during the last glacial 
aximum 18,000 yr ago has been estimated from terrestrial 
vidence of ice limits’, glaciological modelling“, the 5"°O of 
‘oraminifera from deep sea cores™®, and sea-level evidence from 
ised coral terraces™”, Oxygen isotope studies of planktonic 
praminifera reveal that &'*O shifts during deglaciations in areas 
ear sources of ice meltwater, like the Gulf of Mexico and 
jabrador Sea/Baffin Bay, are often larger than the corresponding 
verage global oceanic shift?-'’ and that these variations reflect 
timing of ice decay without the ocean-mixing lag contained in 
oth distal and benthic 5'°O variations”. We show here that 
eographically-distinct planktonic 5'%O gradients can be related 
the volume of meltwater discharged through specific meltwater 
lets and thus to the initial volume of the ice sheets at the 
mmencement of deglaciation and to the subsequent dynamics of 
ice-sheet decay. 
Use of 8'°O gradients provides volume estimates that do not 
equire prior knowledge of the 5'%O of the meltwater and which 
independent of salinity changes due to seasonal variations 
sea-ice cover, because sea ice and its meltwater products are 
ot isotopically depleted with respect to seawater'*'*. Neglect- 
ng sea-ice effects, lines of equal sea-surface salinity should 
pproximately parallel seawater 5'*O (5'°O,,,) contours because 
eglacial 6'°O,,, anomalies will primarily reflect mixing between 
water and an isotopically light freshwater dilutant. Actual 
alinity values, however, can be calculated only if the 8O of 
he dilutant is known or can be estimated independently. 

For example, the correspondence between estimated and 
ybserved values of 5'*O,,, (Fig. 1) suggests that the 5'*O of 
lanktonic forminifera from dated cores, corrected for sea- 
rface palaeotemperature estimates'*'* (Table 1) can be used 
io reconstruct variations in 8'*O,, for the last deglaciation. 
trors of precision associated with deglacial 8'*O,,, estimates 
are about +0.6%, including analytical precision errors in the 
alaeotemperature estimates’? and the standard deviation in- 
olved in relating estimated 6'°O,, to observed 5'%O,,, (Fig. 1). 

High sedimentation rate cores from the Gulf of Mexico and 

brador Sea/ Baffin Bay separately document the volume and 

ling of meltwater discharges from: (1) the southern margin 
the Laurentide Ice Sheet through the Mississippi River and 
the central, northern and eastern portions of the Laurentide 
ce Sheet which must have drained principally through the 
dson Strait and Lancaster Sound during the later stages of 
» Jast deglaciation”’. Coverage of the meltwater discharges 
nto the Arctic Ocean and adjacent seas from the northern fringes 
yf the European, Asian and North American ice masses is 
‘ovided by 8180 records from the northern North Atlantic and 
orwegian. Sea. 
Detailed stratigraphical studies of the cores employing '*C 
ates, benthic foraminiferal 5'*O records and volcanic ash 
jorizons'**'~*” strongly indicate that the peak 5'°O,,, anomalies 
although not necessarily the peak discharge) coincide in both 
he Labrador Sea and Gulf of Mexico at ~13 kyr BP '?. This 
leep-sea stratigraphical evidence and terrestrial records of de- 
glacial ice limits’ together indicate that disintegration of the 
orthern portion of the Laurentide Ice Sheet spanned the period 
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Fig. 1 Plot of seawater 8'#O (5'%0,,.) estimates derived from the 


8'%O of planktonic foraminiferal calcite”? versus observed 5'*O,,, 
(ref, 43 and R. Fairbanks, personal communication) for North 
Atlantic and Gulf of Mexico core-tops (Table |; Fig. 2). Dashed 
lines define a confidence band of + one standard error of estimate. 


~16-7 kyr BP and that meltwater discharge from the southern 
parts of the ice sheet into the Gulf of Mexico was limited to 
the period ~16~12 kyr BP ”. 

In using planktonic foraminifera to assess meltwater-induced 
6'*O,, anomalies we assume that: (1) the oxygen isotopic tem- 
perature fractionation in the species selected for study, that is 
Globigerinoides ruber, Globigerinoides sacculifer and Neo- 
globoquadrina pachyderma (left coiling), occurs in a fashion 
parallel to the equilibrium fractionation relationship between 
inorganic calcite and water (~0.22% 8'°0/°C)*”*; and (2) 
between-core variations in planktonic foraminiferal 5'%O, cor- 
rected for between-site differences in observed sea-surface tem- 
peratures, rather than for temperatures at the depth of calcifica- 
tion of the foraminifera (0-100 m), yield &'*O,, estimates that 
are both close to and proportional to actual! sea-surface 8"*O,,. 
Both assumptions have been tested (Fig. 1) by comparing 6 800 
estimates derived from core-top planktonic foraminifera with 
the observed 6'°0,,. In practice, in conditions of strong melt- 
water discharge, foraminiferal 5'°O anomalies probably yield 
minimum 6'*O,,, estimates because mixing of foraminiferal tests 
by bioturbation, strong carbonate dissolution and possible ver- 
tical movement of the foraminifera into higher salinities (isotopi- 
cally heavier water) below a surface meltwater layer, would 
have diminished the apparent isotopic depletion as recorded in 
foraminiferal tests. With these constraints in mind, our estimates 
for sea-surface 6'°O,, anomalies of 13 yr BP are illustrated in 
Fig. 2a, b. 

Records of benthic foraminiferal 6'*O indicate that global 
6'*O,,, averaged about 1.2% heavier between 16 and 11 kyr BP 
relative to the modern seawater values*”?”, We, therefore, sub- 
tracted a value of 1.2% from planktonic foraminiferal 5%O 
values in calculating the residual deglacial 5'*O,, for the peak 
anomaly period 13 kyr BP shown in Table | and Fig. 2. Potential 
errors in estimating global 5'*O,,, enrichment at 13 kyr BP would 
be distributed equally among all the cores used in our study 
and so would not adversely affect 80, gradients or the con- 
figuration and area of the deglacial 5'°O,,, anomaly. When so 
treated, 5'*O values for G. ruber in cores from the Caribbean 
Sea and tropical North Atlantic*'*, at a considerable distance 
from meltwater sources, yield deglacial background 6'°O,,, esti- 
mates of +0.5% to. +0.3%, not too different from modern 5'*O,,, 
in those areas (~0.0% to +1.0%). 

Comparisons of the areal extent of modern low salinity plumes 
(LSPs) due to freshwater runoff and the reconstructed 13 kyr BP 
approximate ~0,6% 5'°O,, contours (0% less a 0.6% precision 
error) show that the areal extent of the deglacial meltwater 6 BO 
anomaly was almost double the modern LSP in the Labrador © 











Table 1 Summary of core data and calculated 5'*O,, estimates (Figs | and 2) 





Calculated 
6*O,, (%) vs PDB 


13 kyr Bp level* 





Water Modern 
depth Core-top* SST 
No. Core (m) 8'0 (%) (°C) 

t HU76—40 2041 NA ~LSsp 

2. HU77-17 935 NA -LSsp 

3. HU75-60 1,140 +2.2 Nip. +2,9 sp 

4 HU75-58 1,057 +2.1 Nip. +2.9 sp 

5 HU75-41 2,381 +2.7 Nop. +1.0 sp 

6 HU75-55 2,410 +21 Nip. +3.5 sp 

7 HU75-31 2,505 +2.4 Nip, +4.2 sp 

8 HU76-3 2,493 +2.0 Np. +3.0-sp 

9 HUT75-4 3,731 +3.5 Nip. +3.4 sp 

10 -V28-14 1,855 +2.2 N.p. +5.8 sp 

I1 -V28-56 2,941 +2.9 Nip. +3.3 sp 

12 Kell 2,900 +3.0 Np. +3.6 sp 

13. KS7707 1,487 +3.7 Np. +2.8 sp 

14 ATI-94-PC4 2,114 +1.4 Nip. +7.0 sp 
15 CH73-139C 2,209 +2.4 Nip. +10.4 sp 

16° V27-116 3,202 +2.2 Nip: +8.9 sp 

17. K708-1 4,053 NA 10.0 sp 

18. V17-178 3,914 +1.7 Nip. +6.7 sp 

“19... V30-101K 3,519 +2.5 Nip. +14.0.sp 

19) V30-10 LK 3,519 ~0.2 Gir. +20.6 su 

0120: CH72-101 1,925 NA +1L.I sp 

21 CH72-104 1,755 NA +113 sp 

= 22 CH67-19 1,800 NA +10.5 sp 

2B V27-86 2,900 +2.6 Nip. +6.1 sp 

24- NGI-31-36 2,620 NA +7.8 sp 

25 NGI-31-33 1,580 +1.6 Nip. +78 sp 

26 TAM12 1,600 ~13Gr +28.9 su 

27 K97 3,408 ~1.3 Gs. +28.9 su 

28 K120 2,537 NA +28.8 su 

29 TRI26-29 2,700 ~2.1 Gr —28.8 su 

30 TR126-23 2,410 ~=1.5 Gr. +28.8 su 

31 K139 2,462 ~L4 Gs. +28.8 su 

32- GS7603-10 890 ~L8 Gir +29.0 su 

33. .. GS7603-13 1,600 -21 Gr +28.9 su 

34.  GS7102-9 695 ~1.6 Gr. +28.8 su 

35 -- GS7102-7 1,569 ~1.7 Ge. +29.0 su 

36 “EN32PC-6 2,280 -L6 Gr. +29.1 su 


680 SST estimates} 
(%) CC) Core-top 13 kyr gt 

+0.74 N.p. (26) = +2.0sp (d) NA -3.9 
+0.84 N.p. (26) = +3.0 sp (d) NA -3,5 
+3.84 Nip. +6.0 sp (d) ~0.9 ~0.1 
+4.04 Nip. +6.0 sp (d) -1.0 +0:3 
+3.7£ Nip. (27) +5.0 sp (d) -0.8 -0.2 
+1.4 N.p. +5.0 sp (d) -0.9 -2,5 
+3.1 Nip. +5.0sp (d) -0.4 ~0.8 
+2.0 Nip. +6.0'sp (d) -1.1 ~.7. 
+2.9 Nip. _ +6.0 sp (d) -0.4 0.8 
+2.9 Nip. (21) +3,0 sp (d) —0.3 -44 
+3.3 Nip. (21) S+3:0sp (d) ~0.2 -L0 
+3.24 N.p. (21) = +2.0 sp (d) 0.0. -L3 
+3.9§ N.p. (25) = +3.0 sp (d) +0.5 ~0.4 
+3,94 Nip. +5.0sp (c) ~0.8 +0).3 
+3.0} Nip. (22) +9.0 sp (c) +09 0.0: 
3.34 Nip. (23) +6.0 sp (c) +0.2 20.4 
42.3 Nip. (23) +8.0 sp'(c) NA —0.9 
+I Np.” 10.0'sp (c, €) ~0.6 ~0 
+2.0 N.p. (23) +100 sp.(c) +18 -08 
+0.34} Gur (23) +16.0 su(b) +0.6 -k2 
+2.54} Nip. (22) +10.0 sp (c) NA 0.3 
+2.54 Nip. (22) +10.0 sp (c) NA 0.0 
+2.5E Np. (22) +9.0 sp (c) NA 0.5 
+4.4§ Np. (24) =+3,0-sp (d) +0.2 FOE 
+3.54 Nip. (42) £+3.0sp (d) NA ~0.8 
+2.74 Np. (42) 343.0 sp (d) -0.4 ~1.6 
~1.5$ Gir. +27.0-su (a) +13 0,5 
~2.6% G.s, (9) +28.0 su (a) +11 =16 
~2.34 Gis. (9) +27.0 su (a) NA ~L6é 
-2.94 Gr. +27.0 su (a) +0.5 ~19 
-1.34 Gr +27.0 su (a) +L -04 
~—2.2¢ G.s. (9) +27.0 su (a) +10 -4.5 
~0.5§ Gr. +28.0 su (a) +15 +0.7 
3.21 Gr. +28.0 su (a) +05 2.0 
~2.24 Gr. (10) +27.0 su (a) +1.0 ~ 13: 
~3.4 Gir (11) +27,0-su (a) +0.9 -FS 
-LRF Gr (12) +27.0 su (a) +10 ~19 


* Where possible averages of two or more samples have been taken to represent core-top (late Holocene) and 13 kyr Bp 5'°O. NA, Not analysed 
N.p., Neogloloquadrina pachyderma (left-coiling); G.r., Globigerinoides ruber; G.s., Globigerinoides sacculifer. (References are given in parenthese 

+ Sea surface temperature (SST) estimates for Spring (sp) and Summer (su) foraminiferal bloom periods have. been determined as follows: 
contoured trends from ref..17; (b) ref. 41; (c) interpolated from refs 15, 16 using 13/10 kyr BP and 13/18 kyr pp. SST relationships indicated ifr 
22, 41; (d) contoured trends from unpublished SST estimates for cold subpolar waters extracted from discriminant and transfer functions computed 
by R.H.F. from core-top foraminiferal data'®. (e) Winter SST=10 °C, computed as in ref, 16 (W. Balsam, personal communication). 


+ Recognized as negative peak or step 5'*O anomaly. 


§ No obvious 6'°0 anomaly, 13+ 1 kyr Bp level interpolated as in refs 12, 15, 16, 23, 27. 


Sea-Baffin Bay—North Atlantic région influenced by the de- 
glacial Canadian and East Greenland current systems (Fig. 2a) 
and approximately five times the area of the modern LSP in the 
deglacial Gulf of Mexico (Fig. 2b). The area of the 5'*0,, 
anomalies should be directly related to the area of the meltwater- 
induced low salinity plume regardless of the actual seawater 
salinity which, in the case of the North Atlantic, could, have 
been lowered by low salinity water from melting sea ice'*, and 
in the Gulf of Mexico, could have been enhanced by strong 
evaporation” 

Furthermore, an isotopically heavy dilutant, about — 15% >° 
would imply vėry steep salinity gradients and minimum 
salinities, for example as low as ~24% ~6% less than modern 
values in Baffin Bay, where estimated 6'*O,, at 13 kyr BP is as 
low as ~4%..On the other hand, an isotopically-light dilutant, 
about ~33% *' requires salinity gradients that are less steep and 

“generally higher salinities, for example, of ~30% in Baffin Bay 

_ (modern). By analogy with the modern LSPs, regardless of 

the: actual salinities within deglacial LSPs, salinity/5'*O,, 

G gradients at the peripheries of the degiacial LSPs were probably 
ficiently sinep and well defined to cause recanstmcted | ô Osy : 





anomaly areas to be little affected by factors (such as bid 
turbation and minor changes in calcification depth) which 
would tend to decrease the magnitude of the meltwater 5°08 
anomaly. 

A method has been devised to translate the area of the melt- 
water LSP inferred from 6'*O,,, contours into an equivalent ra 
of discharge of isotopically depleted freshwater. Using pub- 
lished hydrological and oceanographic data for 12 river d 
charge systems”, we found a strong linear correlation (r= 
+0.98) between rates of freshwater discharge and the areas o 
corresponding LSPs in the modern ocean. This relationship is 
described by the regression equation Q = 3.00 x A — 15.63 where 
Q = freshwater discharge (10° km? kyr”') and A is LSP area 
(10* km’) bounded within a band of steepened salinity gradients 
Figure 3 compares observed discharges with discharges es 
mated using the regression equation. Reliable estimates of melt- 
water discharge (+0.5 x 10° km’ kyr™', that-is +2 standard errors 
of estimate) are thus possible as a function of the expanded 
area of the 13 kyr BP.deglacial LSPs as indicated in Fig: 2a, 
The strong correlation between discharge and LSP area suggesys 





that possible. variations in the average thickness of LSPs ar 
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Fig.2 Meltwateranomalies (shaded areas where estimated 6'*O,, 

ig <~0.6%, that is, significantly <0%) in the northern North 

Atlantic (a) and Gulf of Mexico (b) ~13 kyr BP. Estimated ô Ow 

-yariation is based on published and new 6'*O values of the plank- 

tonic foraminifera Neogloboquadrina pachyderma (left-coiling), 

Globigerinoides ruber and Globigerinoides sacculifer in 36 deep-sea 
cores (Table 1; refs 9-12, 21~27 and 42). 





‘Table 2 Estimated meltwater discharge (10° km?) into North American 
marginal seas and the North Atlantic during the last deglaciation 





Meltwater Discharge Duration Cumulative 

source 13-12 ky BP* (kyr BP) discharge” 
Gulf of Mexico L6 16-12 8.1 
Canadian Current 3.6 14-7 29.8 
East Greenland Currentt 3.2 14-7 26.6 


Total discharge 64.5 


'* In units of 10° km° as excess over modern freshwater discharge. 
+ Includes the expanded Norwegian Coastal Current. 





‘able3 Estimated minimum 5'*O of average ice sheets at the initiation 
of deglaciation (~16 kyr BP) 





Glacial—interglacial 


&'°O signal (%)* 8'*O of ice sheet 


1.2 ~ 25% 
L4 ~29%o 
1.6 -33% 
1.8 —38% 





-Based on possible glacial-interglacial 5'*O signals and estimated 
‘melt-water discharge (Table 2). 

e * Global oceanic 6"°O,, change as recorded in deep-sea benthic 
foraminifera. > a i 


_ Arctic Ocean ice sheet 





(108km? kyr”) 
























Estimated discharge 


Observed discharge (10km? kyr’) 


Fig.3 Plot of freshwater discharge estimates based on the surface 
area of low salinity plumes in the modern ocean versus observed 
discharge values (refs 32-37) for 12 major freshwater discharge 
systems. Aw, Amazon River (wet season); Ad, Amazon River (dry 
season); EGC, East Greenland Current (mean); CC, Canadian 
Current (mean); C, Congo and Niger Rivers (mean); Gw, Ganges, 
Brahmaputra, Irrawaddy and Salween Rivers (wet season) and Gd 
(dry season); Mw, Mississippi River (wet season) and Md (dry 
season); N, Niger River (mean); B, combined Bosporous outflow 
(mean); D, Danube, Dniestr and Dnepr Rivers (mean), Dashed 
lines define a confidence band of + one standard error of estimate. 


insignificant compared with the overall range of variation in the 
surface dimensions of LSPs (~10*—10° km” in Fig. 3). 

Table 2 lists volume calculations for Laurentide meltwater 
discharged through the Canadian archipelago and Hudson Strait 
into the Canadian Current, for circum-Artic Ocean meltwater 
discharged through the East Greenland Current, and for Lauren- 
tide meltwater discharged down the Mississippi River into the 
Gulf of Mexico during the interval from 13 to 12 kyr BP. 

To estimate the total meltwater volume discharged during the 
entire deglacial interval (excess over modern freshwater dis- 
charge), modelled deviations of meltwater discharge (such as, 
Ruddiman and Mcintyre’s curve of estimated melt product 
influx”) can be used with our 13 kyr BP estimates to extrapolate 
cumulative discharges for the period from 16 to 7 kyr BP (Table 
2), which should thus approximate the volume of fresh water 
stored in Northern Hemisphere continental and marine ice 
sheets of the last glacial maximum. Incremental meltwater dis- 
charge (excess of runoff over accumulation) in this case is 
assumed to be inversely related to foraminiferal productivity in 
the North Atlantic. 

If the Ruddiman and McIntyre model is basically accurate 
in its assumption that about 50% of Northern Hemisphere ice 
had been lost by 13 kyr BP * then for the period ~ 16-12 kyr BP, 
it is estimated that the Gulf of Mexico received a total of 
~8.1 x 10° km° of meltwater or ~13% of the total discharges. 
The subtotal discharge (37.9 x 10° km?) into the Gulf of Mexico 
and Baffin Bay/ Labrador Sea (Mississippi River plus Canadian 
Current) exceeds Flint’s® estimate for the volume of the Lauren- 
tide Ice Sheet by ~10<10°km*, which is approximately the 
anomaly areas to be little affected by factors (such as bio- 
turbation and minor changes in calcification depth) which 
would tend to decrease the magnitude of the meltwater ô Ow 
anomaly, — 

The remaining meltwater (~26.6 x 10° km*) discharged into 
the Norwegian Sea and North Atlantic through the East Green- 
land Current apparently originated from European and Asian 
ice masses which drained into the Arctic Ocean. A portion of 
the meltwater attributed to the East Greenland Current (up to 
a maximum of ~ 10: 10° km?) may have been derived from an 
85°, McKenzie River discharge from the 


















» northwestern Laurentide ice sheet would also have contributed 
to some of the East Greenland Current discharge. A preliminary 
evaluation of Mediterranean 5'%O records points to only a minor 

contribution of glacial meltwater from rivers draining into the 
Black Sea, in agreement with the conclusions of other workers”, 
The volume estimates contained in Table 2 should be considered 

' minimum estimates, however, because potential contributions 
of meltwater from the Arctic Ocean through the Bering Strait 
(after its submergence) are not included in this analysis. 

Simple calculations using the volume estimates in Table 2 
place limits on the minimum 6'°0 of the ice sheets (Table 3) 
for a probable range of values suggested as representing the 
glacial—interglacial change in 5'*O,,, (ref. 41). If significant 
meltwater contributions can be traced to the Bering Strait and 
to Antarctic deglaciation, the values in Table 3 would be 
increased proportionately (made less negative). The mean 5'°O 
of the ice sheets cannot be taken to represent the average 5'°O 
of the meltwater dilutant during a specific time interval, however, 
because of possible large variations in 8'0 within the ice 
sheets’ and unknown variations in the 5'*O of precipitation 
during deglaciation. While we are therefore at present unable 
to, accurately estimate salinity from estimated 5'*O,,, we feel 
the approach: adopted here makes it possible to better under- 
stand the dynamics of meltwater discharge during the last, and 

“possibly previous, deglaciations of the Pleistocene. 
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During the past decade it has become clear that the long-lived 
stratospheric clouds produced by volcanic eruptions are composed 
largely of sulphuric acid aerosols'”, The amount of sulphur-rich 
volatiles (for example, SO,, HS) injected into the stratosphere 
by an explosive eruption is, therefore, a critical determinant of it: 
atmospheric impact**. The small-volume eruptions of Mt Agung 
in 1963 and El Chichón in 1982 both generated substantial stratos- 
pheric aerosol clouds, despite the fact that they erupted <0.5 km 
of magma. Comparison of data from direct measurements « 
stratospheric optical depth, Greenland ice-core acidity, and vol- 
canological studies shows that such relatively small, but sulphu: 
rich, eruptions can have atmospheric effects equal to or even grea 
than much larger sulphur-poor eruptions. These small eruptions 
are probably the most frequent cause of increased Stratospheric 
aerosols. E 
The recent eruption of El Chichón has provided fresh evidence 
that small-volume explosive events can have significant atmo 
pheric impact™®. An older, but classic example is the 1963 
eruption of Mt Agung (Gunung Agung) on the island of Bali, 
which is considered to be among the most important volcanic 
events of the twentieth century, primarily because of its possibi 
effects on global climate’*. The 1963 Agung eruption (8°S) wa 
a small-volume vulcanian to subplinian explosive event that 
produced about 0.3-0.6 km? of basaltic andesite magma. It has 
been given a volcanic explosivity index (VEI)? rating of 4 or 
the scale of 0 to 7. The VEI is a combined measure of the 
explosive violence and volume of discharged pyroclastics of an 
eruption. The rather unusual Agung eruption sequence, with a 
early lava flow followed by climactic explosions, may be 
explained by the mixing of two distinct magma types!!. Th 
duration of the major explosive phase on 17 March 1963 wa: 
about 7 h, while the 16 May eruption lasted for Sh, suggesting 
peak rates of output of dense magma of ~10*m’s”'. This is 
calculated to have produced eruption columns at least 18k 
above sea level (a.s.!.)'*. The eyewitness reports of colum 
heights on 17 March and 16 May were only 13 km a.s., bu 
ash and sulphate aerosols were collected over Australia a 
20 km a.s.l. from April 1963 up to about a year afterwards! 
The resultant change in. stratospheric aerosol optical depth! 
peaked in the Southern Hemisphere subtropics and mid-lat 
tudes at 0.2 to 0.3 from August to November 1963; Northe 
Hemisphere peak optical depths were much less, only ~0: 
measured at Hawaii'® during late 1963. a 
The measured optical-depth changes after the eruption sug 
gest ~ 1-2 x 10° g of aerosol in the stratosphere’™!®, Based o 
the maximum estimated bulk volume of Agung ashfall (~ 1 km?*), 
the total amount of very fine (<2 um) ash that could have been 
produced by the eruption is roughly estimated’? as <8 x 10'? g. 
Direct high-altitude sampling soon after the eruption suggests. 
~5 10!" g of ash in the stratosphere”. Such fine ash has only 
a brief stratospheric residence time, however, and was largely 
removed within a few months, leaving an aerosol cloud com- 
posed mainly of H,SO, droplets”°. S 
For comparison, the El Chichón (17° N) eruption in 1982 wa 
also small in volume, producing about 0.3-0.35 km? of trachyan-. 
desite magma”'’*. The eruption had three main subplinias 
explosive phases of VEI=4 on 28 March, 3 and 4 April. The 
eruption columns penetrated the stratosphere, where the mai 












































Table 1 Comparison of eruption characteristics 


H,S0, 


Stratospheric Stratospheric 
Eruption column H,S0, H,SO, yield (g) 
height (km) aerosals (g) aerosols (g) (from Northern 
Volume of magma {c = calculated {from optical (from ice-core inclusion Hemisphere Refs 
Eruption VEI erupted (km”} o = observed} depth) acidity} analysis)” AT (C) (cots 3-8). 
Tambora (8° 8) 7 >50 >40 ic) 2x19 15x10 sx19" 0.4 to ~0,7 35, 35, 17, 
ABIS 29, 28, 17 
Krakatau (6° S) 6 210 >40(c) sxi0% 5.5x10" 3x10! “0.3 3, 3, 1, 29, 
1883 28, 36 

‘Santa Maria (15° N) 6 ~9 >30 (c, 0) 2x10" <2x103 = 0.4 37, 37, 4, 

49021 t, =, 36 
‘Katmai (58° N) 6 15 >27 (c) s2x104 3x10 = ~0.2 38, 38, t, 

14912 t, —, 36 
t St Helens (46° N) 5 0.35 22 (0) ~3xi0!! — gx’ Oto =0.1 39, 40, 40, 
1980 m, 28, 41 
Agung (8° S} 4 0.3: te 0.6 > 18 (c) 12x107 t 3x10% ~03 H, Ht, 23, 
1963 w: 13 (0) —, 28, 36 
Et Chichón (17° N) 4* 0.3 to 0.35 26 (0) 1-2«10" ma 7x10° -0.4 to -06i 22,6, 23, 
1982 —, 28, 42 
‘Laki (64° N) 4 0.3 (tephra) ? <1 xio'* 9xio? ~—10 4, —, —, 

1783 123 (lava) 4, 28, 43 





SS. unpublished data. 
+ See text. 


+ Hammer et al.” give 2x10% g, but this acidity peak cannot be a result of the Agung eruption, see text. 
j| Jones** states that much of this decrease occurred between January and March 1982, before the eruption took place. 


stratum of El Chichón aerosol spread out at about 26 km alti- 
tude®. Estimates based on lunar eclipse data” give an average 

lobal peak optical depth of 0.12 in December 1982; the aerosol 
was preferentially concentrated in the Northern Hemisphere, 
where the optical depth was 0.15. Conversion from optical depth 
to sulphuric aerosol mass loading'’ yields about 210" g of 
H.SO, aerosol in the global stratosphere 6 months after the 
‘eruption. This agrees with estimates based on airborne lidar 
measurements?” (1.2x10'* g) and on balloon-borne particle 

ounters” (1-2 x10" g). 

~The large amount of sulphur volatiles released during these 

ruptions and injected into the stratosphere seem to be the most 
critical factor in their long-term atmospheric effects**. Several 

tudies have suggested that iron-rich basaltic and andesitic melts 
have a generally high capacity to carry dissolved sulphur*’*. 
Melts of iron-poor dacite to rhyolite composition that commonly 
produce large volume, explosive plinian and ignimbrite erup- 
ons (for example Krakatau 1883, Santa Maria, 1902) are 
sually poorer in sulphur volatiles*?”"*. 

“Table 1 compares the vital statistics of significant explosive 
volcanic eruptions of the past 200 yr. The explosive magnitude 
-of an eruption is succinctly summarized by its VEI value (column 
}. The largest eruptions produced voluminous airfall and pyro- 
lastic flow deposits (ignimbrite) (column 3) and had very high 
eruption columns (column 4), The global stratospheric aerosol 

ass loadings in column 5 were calculated using the method 

f Stothers'’, where mass loadings (Mj) may be obtained from 

he global-average peak optical depth measurement (7p) using 

he formula Mp = 1.5 x 10'* rp (grams). The estimates of global 
tratospheric aerosols based on Greenland ice-core acidities 
column 6) are from Ref. 29. The values for Santa Maria, Katmai 
nd Laki are given as upper limits because the aerosol clouds 
rom these eruptions were probably restricted to the Northern 
demisphere or some portion of it. The sulphuric acid yield of 
he eruptions listed in column. 7, taken from Ref. 28 are based 

n microprobe analyses of sulphur in volcanic ash samples and 

nm-estimates of the pre-eruption sulphur content of the magma 
from analyses of sulphur volatiles in glass inclusions trapped 
within crystals that formed just before the eruption”*. The values 
in-column 7 were derived by subtracting the amount of sulphur 
temaining within the ash from the amount of sulphur volatiles 

ound in the inclusions and then multiplying by the total volume 
of erupted magma. This ‘sulphur yield’ was then converted into 
the equivalent sulphuric acid aerosol mass”. 

. The maximum observed post-eruption Northern Hemisphere 
fémperature decreases that might be associated with the erup- 
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tions are listed in column 8. Specifically, AT is the difference 
between the temperature in the year before the eruption and 
the lowest temperature in the 1-3 yr following the eruption. In 
the case of St Helens, Northern Hemisphere temperatures rose 
in the 2 yr following the eruption, and the quoted decrease is 
the theoretical value of Robock*', However, not all of the 
temperature decreases can be attributed to the volcanic aerosols; 
in several instances the temperature decreases began before the 
eruption in question and in all cases, the signal is of the same 
order as interannual variability’. Furthermore, in certain cases, 
(for example, 1902) several eruptions capable of producing 
stratospheric aerosols may have occurred in close succession 
[for example, Pelée 1902 (VEI = 4) and Soufrière 1962 (VEI = 4)]. 

Several conclusions can be reached based on the data in Table 
1. First, small magnitude. volcanic eruptions can produce atmos- 
pheric after-effects like those of much larger eruptions. Second, 
there is good agreement between the aerosol estimates based 
on direct observations of changes in stratospheric optical 
depth*:'”'*3 | and those based on acid fallout over the Green- 
land ice sheet”. In the case of Agung, however, the agreement 
must be fortuitous; stratospheric optical depth measurements 
clearly show that the bulk of the aerosol stayed in the Southern 
Hemisphere'*. The small Northern Hemisphere optical depth 
of 0.02 indicates only ~3 x10!" g of aerosol in the Northern 
Hemisphere stratosphere. The Greenland acidity peak in 1963~ 
64 is too large, possibly because of input of aerosols from high 
northern latitude eruptions (such as, Surtsey in Iceland). Third, 
in all cases, the calculations of total sulphur release based on 
volcanological studies” are evidently underestimates, although 
in a relative sense they are in general agreement with the other 
methods. For El Chichón, the volcanological estimate of sulphur 
release is more than 2 orders of magnitude too low compared 
with the direct measurements of sulphuric acid aerosols in the 
stratosphere. Clearly these analyses are missing some source of 
additional sulphur release. 

Where could the excess sulphur released in these eruptions 
have come from? In the case of El Chichón, anhydrite (CaSO,; 
considered rare in volcanic rocks) occurs as a common pheno- 
cryst phase in the deposits, and decomposition of anhydrite has 
been suggested as a source of additional sulphur during the. 
eruption’**. The Agung deposits, however, show no evidence 
of anhydrite. Another possible source of sulphur volatiles .is 
degassing of non-erupted magma”. Rose et al*°*! calculated 
that for the 1974 eruption of Fuego (Guatemala) (also a small 
andesitic eruption) the amount of sulphur released required 
degassing of a body of intrusive magma about 5 times the mass. 














the Agung eruption, then the total sulphur release would have 
been about 2.6 x10" g (or enough to produce about 8 x 10'? g 
“of H,SO, aerosols). 

This study suggests that frequent, very-intense vulcanian to 
sub-plinian eruptions from the world’s many active basaltic— 
andesitic composite volcanoes, such as Agung 1963, are prob- 
ably the most common cause of significant perturbations of the 
stratospheric aerosol layer. These small eruptions are often rich 
in sulphur volatiles?’ and can inject them efficiently into the 
stratospheric aerosol layer. The source of the sulphur enrich- 
ment, however, is not obvious. To solve this problem, a better 
understanding is required of the sulphur systematics in magmas 
and the processes taking place in shallow magma bodies beneath 
the volcanoes. For example, physical mixing of magmas of 
different composition may have been an important driving force 
in the Agung eruption and in many other basaltic-andesite 
volcanoes’’; such magma-mixing events may also control the 
concentrations and mode of release of sulphur gases and other 
volatiles during these eruptions. 

A possible connection has been previously established 
between volcanic perturbations of the stratospheric aerosol layer 
and short-term (1-5 yr) climate cooling’*7"*"*, We note from 
our new results in Table | oe for the eruptions studied, AT is 
roughly proportional to M3”; as has been found previously by 

< Devine et al’, Studies of polar ice cores show a further correla- 
«dion between longer (decadal) periods of elevated ice-core acid- 
_ ity.and cool climate”. This suggests that episodes of increased 
““sulphur-rich explosive volcanism may be an important modu- 
lator of long-term climate change. The connection between 
sulphur-rich volcanism and climate cooling may extend to large- 
volume basaltic fissure-type eruptions such as Laki (1783)*7*. 
Large quantities of sulphuric acid aerosols could possibly be 
lofted into the lower stratosphere by such eruptions”; ulti- 
mately, flood-basalt extrusions may have the greatest effects on 
the global atmosphere of any volcanic events. 
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Many large calderas resylt from the eruption of substantial 
volumes (tens or hundreds of km’) of silicic pyroclastics. Such 
events often begin with an airfall phase and progress to the 
generation of voluminous ignimbrites'*. We propose here that 
many such eruptions involve two well-defined stages, based on 
simple analysis of magma chamber pressure variations during 
ertiption. The first stage begins when an overpressured magm 
chamber fractures the country rock and forms a conduit to the 
surface, The chamber pressure decreases rapidly to values I 
than lithostatic pressure. We show that only small to moderate 
volumes of magma, representing a small fraction of the tot 
chamber, can be erupted during this stage. In the second stage. 
caldera collapse results from a further decrease in magma pressur 
which causes the chamber roof to fracture catastrophically and 
deform. Subsidence of the roof attempts to re-establish lithostat 
pressures within the chamber and can drive substantial volumes 
of magma to the surface. Geological relationships in pyroclastic 
deposits associated with large caldera eruptions provide indepen- 
dent evidence for this model. 

Present ideas on caldera formation are strongly influenced by 
studies in which it was recognized'“ that collapse was funda 
mentally the consequence of removal of magma from: the 
chamber. Smith and Bailey* presented a model of caldera evol- 
ution, based largely on their studies of the Valles Caldera, Ne 
Mexico. They envisaged that an eruption began when.a large 
body magma had accumulated within the upper crust, causing 
regional uplift and stretching. They also recognized that collaps: 
often occurred while large volumes of ignimbrite were erupted 
from the chamber. The area of collapse is often proportional to 
the volume of erupted magma’, suggesting a simple relationship 
between caldera collapse and removal of magma from the 
chamber. 

The broad features of these classic ideas are widely acceptec 
and are not in dispute here. We now present a simple analysis 
of magma chamber pressure during eruption, which suggests 
that caldera-forming events often have two distinct phases. | 

Figure | illustrates the two stages which are envisaged. Before 
eruption, magmatic overpressure becomes large enough to su 
port the chamber roof and to propagate tensile or shear fractures 
to the surface’, triggering an eruption. Smith and Bailey pro: 
posed that concentric, inward-dipping ring fractures were 
formed during the pre-eruption doming, and that these fractures 
provided pathways for initial magma ascent to the surface 
Although there is evidence for early ring fracture developmen 
in some calderas”’, studies of the distribution of initial airfall. 
deposits around volcanic centres! show that eruptions can 
also begin in localized areas, perhaps along regional faults 
which are not obviously connected to a ring fracture system. In 
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Fig. 1 Two stage model for caldera formation. In stage I, magma 
‘erupts from an initial vent while the chamber is overpressured. In 
‘stage Il, the chamber pressure falls sufficiently for the chamber 
roof to collapse. New vents are thought to form at this stage. Other 
fracture geometries and collapse styles can be envisaged. 


entres where there is a strong regional tectonic fabric, magma 
n- preferentially exploit pre-existing structures during 
scent’'*-'® as well as early ring fractures. Walker'® has also 
own that” many post-caldera vents do not lie on ring-faults 
d that other lines of weakness, such as regional faults, often 
uide uprising magmas. 

‘Once an eruption begins, removal of magma from the chamber 
vill result in a decrease in pressure with time provided that the 
walls of the chamber remain rigid. Figure 2 shows a magma 
hamber with a volume, v, of volatile-rich silicic magma under- 
nbyavolume, Vm, of volatile-poor magma. This configuration, 
which the lower layer is generally more mafic, resembles the 
ning envisaged in many natural magma chambers’. The exact 
ometry of the chamber is not critical to the following argu- 
nents. In the following analysis, the silicic magma layer is 
issumed to be aphyric and to be just saturated with volatiles 
mediately before eruption at an overpressure of 25 MPa (250 
r), an upper limit for the tensile strength of a volcano’. We 
preciate that the petrological evidence for pre-eruption satur- 
tion is equivocal and it is unlikely that the total volume of the 
amber would be saturated. The emphasis here is on zoned 
ambers, but the treatment is a general one, which could also 
applied to unzoned systems. 

For.a pressure drop, AP, the volume change AV of a magma 
th volume V is given by: 


AV AP 
V B 
re B is the bulk modulus of the melt. The volume fraction 
of the silicic magma layer ( V, in Fig. 2) discharged during 


-eruption can be related to the pressure change by the follow- 
g expression: 


gox+ar| t+(*2) (A)a-n| (2) 


where B, and Bm are the bulk moduli of silicic and mafic magmas 
spectively; x is the volume fraction of vapour bubbles exsolved 
thin the silicic magma layer and is given by: 


5 Beccles (3) 
N-SJ/P /\aR@ 
here N is the weight fraction of volatiles in the magma, S the 


ibility constant, M the molecular weight of the volatile 
ecies, P the pressure, o the melt density, R the.molar gas 
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the hydrostatic pressure being substantially less thane the ` 








a b 


Fig. 2 The eruption of magma from a chamber of fixed volume 

containing two layers; an upper layer of water-saturated silicic 

magma with volume V, and a lower layer, volume Vm, of water-poor 
magma. 


constant and @, the temperature. In the following calculations, 
the volatile species is assumed to be entirely water. The value 
of S is taken as 4.1 x 107° (Pa~?) after Shaw!” 

Solutions to equation (2) are plotted in Fig. 3, which shows 
the volume fraction of the silicic magma layer erupted as a 
function of magma pressure. The calculations assume that the 
chamber volume remains constant. Pressure is expressed in terms 
of departure from the lithostatic pressure at the roof of the 
magma chamber. The effect of considering pressure variations 
with depth in the chamber are small and are neglected. Curves 
are shown for magma chambers residing at depths of 2.5, 5-and 
10km in the crust. For each of these depths the lithostatic 
pressure has been calculated assuming a crustal density of 2,700 
kg m”. The silicic magma layer at the top of the chamber is 
assumed to have an initial excess pressure of 25 MPa above the 
lithostatic value and to be just saturated in water at a temperature 
of 900 °C. Using the solubility data of Shaw” the implied water 
contents are 4.5, 5.7 and 7.5 wt % for 2.5, 5 and 10 km respec- 
tively. These values are perhaps realized only in the uppermost 
layers of chambers. Two curves are plotted for each depth in 
Fig. 3 corresponding to values of V,,/ V,= 10 and V,,/ V, = 100 
(Fig. 2). This choice of values is based on geological” and 
theoretical'* deductions on the volumes of the volatile-rich caps 
to large silicic magma chambers. For each value of V,,,/ V, curves 
are given for two values of Bm, the bulk modulus of mafic 
magma, of 10 GPa and 100 GPa. The value of B, is assumed to 
be 30 GPa (ref. 19). 

The major conclusion of these calculations is that only a small 
fraction (typically <0.3) of the silicic magma layer can be 
erupted from a magma chamber of fixed volume while an excess 
pressure is maintained (Fig. 3). For a given pressure drop the 
erupted fraction of the silicic magma layer increases as the 
chamber depth decreases. Consider a cylindrical magma 
chamber 11 km thick and 20 km in diameter situated 5 km deep 
in the crust. For V,,/ V,=10, 6% of the silicic magma layer 
would discharge, 18km* of magma, by the time the pressure 
had fallen to lithostatic. The solutions (Fig. 3) are also upper 
limits since we have assumed both initial water saturation of 
the magma and large initial overpressures. We conclude that in 
most silicic systems only small to moderate volumes, typically 
0.1 km? to a few tens of km? in the largest systems, can be 
erupted while the chamber remains overpressured. 

Magma can continue to be discharged from the chamber after 
the internal pressure decreases below lithostatic. A requirement 
for this to occur is that the eruptive conduit has a suitable 
geometry or is sufficiently irregular in shape to remain open. 
The main driving force for magma ascent is caused by the 
imbalance between the hydrostatic pressure of the vesiculating 
magma column within the conduit and the magma chamber 
pressure. The low density of the vesiculating magma results in 

















o.s ~ fam 10GPa 
vo Pa = 100GPa 














+25 0 “35 


Over pressured —-Lithostatic— Under pressured = 
AP (MPa) 


; “Fig. 3. The graphs show the volume fraction, f, of the silicic 
_ magma layer (V, in Fig..2) erupted as a function of decreasing 
=- chamber pressure. Departure of magma pressure from lithostatic 

“pressure is illustrated assuming that the initial overpressure equals 

25 MPa (250 bar). Solutions are shown for three chamber depths 
for V,,,/ V, = 100 (a) and V,,/ V, = 10 (b). Solid line, Ba = 10 GPa; 
dashed line, Sm = 100 GPa. 


chamber pressure even when the chamber pressure has fallen 
below the lithostatic value. The underpressure might be expected 
to. become sufficient for the walls and roof of the chamber to 
collapse. 

Initiation of the second. stage of the eruption is marked by 
the onset of caldera:collapse. Failure occurs because the chamber 
pressure becomes less than lithostatic, thereby relieving the roof 
of overlying support. Different styles of roof collapse can be 
envisaged. In one style, a coherent cauldron block bounded by 
outwardly-inclined ring. fractures sinks into. the chamber. 
Magma ascends along the fractures to form a ring dyke and 
erupts at the surface. In another style, the roof sags into the 
chamber along inwardly-inclined ring fractures or regional nor- 
mal faults, perhaps deforming internally as collapse pro- 
ceeds'**°, In this case, magma need not necessarily ascend along 
the ring fractures, which will tend to close with collapse, but 
could either continue to erupt along the original conduit or open 
up new conduits as the roof fails. An interesting, but probably 
rare, variation could occur if collapse proceeds without any 
discharge of magma. In this case, subsidence will tend to restore 
the chamber pressure to lithostatic without further eruption. 
Regardless of collapse style, failure and subsidence of the roof 
rocks will attempt to re-establish lithostatic pressure in the 
chamber. Provided the conduits are not choked, hundreds or 
even thousands of km’ of magma could erupt during this stage. 

Recent research on some pyroclastic deposits associated with 
caldera collapse supports the two-stage model. The deposit of 

the climactic eruption of Crater Lake, Ore on?! and the 
~ 18,500 yr BP Cape Riva eruption of Santorini'*” show abrupt 
. changes in the compositions and distribution of lithics and, in 
“the Cape Riva case, of pumice clasts at the onset of major 
pyroclastic flow eruption. In both examples, an initial Plinian 
phase and minor pyroclastic flow activity occurred from a local 
vent.. Subsequently the eruptions became much more violent 
and coarse co-ignimbrite lag breccias were discharged from new 
vent systems?” G. P. L. Walker (personal communication) 
-has also noted that proximal coarse lag breccias often rest on 
early; pyroclastic. flow deposits as well as the initial plinian 
-deposit in many eruption sequences, The sudden appearance 








of coarse e lag breccias can be meme as marking the on 
of caldera collapse, with the initial Plinian and pyroclastic flow: 
representing the first stage of rapid chamber decompression 

Intra-caldera ignimbrite fills can often accumulate: to thick 
nesses of 1-3km within caldera depressions as subsidence 
oceurs'?""53 providing perhaps the best evidence for syn 
chronous caldera collapse during large magnitude eruptions 
The volumes of ignimbrite trapped within caldera depressio 
can be hundreds of km’, often representing a large proportio 
of the ejecta. 

We conclude that many caldera-forming eruptions initiati 
from chambers with excess pressure. However, only small t 
moderate volumes of magma can escape while an excess pressur 
is maintained. The products of the first stage include the init 
Plinian deposit and perhaps some early ignimbrite units. ‘C 
lapse occurs when the chamber pressure has decreased: 
substantially less than lithostatic and may often involve t 
formation of new vents. The abrupt appearance of coarse la; 
breccias in some eruption sequences may mark this transitio 
to the second stage. Large volumes of ignimbrite can be erupt 
in this second stage, which sometimes infills the.calder: 
depression as it forms. 
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Population inversion of a selected region of a spectrum is a concept 
which has wide application.in both NMR spectroscopy and imaging. 
While inversion of population at any one frequency is a trivial 
matter, ensuring an accurate inversion over a specified bandwidth 
with negligible perturbation of the magnetization outside that 
bandwidth, is a major problem. However, by using as a driving 


function a complex radiofrequency. (r,f.) pulse. with an, envelope 











ime, we have found that shore. a critical rf. power threshold, 


agnetization is accurately inverted over a very sharply defined 
bandwidth, while outside that region, magnetization is returned to 
its initial position, and population is unaffected. Within the broad 
mits imposed by our equipment, we have also discovered that the 
henomenon is- independent of the incident r.f. power. 
In general, the difficulty in producing a specific magnetization 
rofile lies in the mathematical analysis of the problem-—the 
differential equations (due to Bloch) which govern the motion 
of the magnetization in the presence of an irradiating magnetic 
jeld are nonlinear, rendering their inverse solution hard. In our 
search for a highly ‘selective m pulse’, we have considered the 
henomenon of self-induced transparency in an analogous field 
f research—coherent optics. McCall and Hahn’ have shown 
at above a critical power threshold, a pulse of light having an 
ectric field described by a hyperbolic secant (h.s.), is trans- 
itted through a normally absorptive medium with anomalously 
low energy loss. They have ascribed this phenomenon to the 
ict: that a h.s. waveform produces a 27 rotation of polarization 
dependent of the pulse power. Following the optical analysis 
f Lamb’, one may apply analogous mathematics to the case 
f magnetic resonance. A full treatment is outside the scope of 
this letter. However, we indicate here the form of the analysis. 
n initial simplifying assumption is that the length of the pulse 
as very much less than the transverse relaxation time T,. The 
loch equations may then be written in the form 


M +id@M +iM.Q=0 
M, + i(Q*M — O2M*)/2=0 


here M is the complex transverse magnetization M, + iM,, M, 
longitudinal magnetization, w is the frequency and Q is the 
riving function—the irradiating field —y(B,, +1B,,). With the 


d-of the substitution 





(1) 


f= M/(Mo+ M.) (2) 
e Bloch equations are reduced to a single Riccati equation 
f +idof -iO*f?/2+i0/2=0 (3) 


hich is of considerable value for analysis with small and 

termediate values of f, for f increases monotonically with 
increasing declination (flip angle) of the magnetization. 

owever, for inversion, f becomes infinite. When the driving 
function is of the form 


N = Qo(sech Bry! * (4) 


here B, Qo and u are real constants, use of the substitutions 


2x=1+tanh Bt; y= "EJ saar} (5) 


enables one to reduce the Bloch-Riccati equation to the hyper- 
eometric equation, 
This reduction is performed by comparing the form 


P(x) dy/dx + Q(x) dy/dx + R(x)y =0 (6) 


h equation (3). The hypergeometric series obtained as a 
lution is best related to observed magnetization by using the 
jentity 

1* (Qo /2BY = xl ~ x) dy/dx d* y/dx 
M.= mf E of 2By" y/ yi (7) 
yy*(Qo/2B)° +x(1 — x) dy/dx d*y/dx 


rom equation (5), we may observe that the boundary conditions 
are established before the pulse at x =0, and the resultant is 
obtained at the end of the pulse as x > 1. As the parameters No, 
e'amplitude of the pulse, 1/8 its temporal width, and p, its 
illatory nature, are varied, it is found that a highly selective 
‘pulse is produced when u=5 and O 2 uB. While the 
convergence of y in the range 0 < x < | is absolute, that of dy/dx 
onditional, and. we-are therefore investigating its behaviour 

he belief that the high selectivity of the result is related to 
stability of dy/dx as the distance from. resonance Aw, is 
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Fig. 1 The two components of the modulation used to create the 
complex hyperbolic secant pulse. In the rotating frame, the com- 
ponents are the irradiating x and y fields. 
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Fig.2 The magnetization profile (a) created by applying a field 

gradient down the axis of a tube of water whose length was greater 

than that of the receiving coils. When the selective m pulse of 

Fig. | was applied, a sharp hole was punched in the middle of 
the profile (b). 


changed. For values of u 24, the width of the selected region 
is given by 


bo = +B (8) 
when the driving function has an amplitude 
Qo aß (9) 


However, the value u = 5 seems to give the most selective result.. 
Experimental verification was achieved by setting B = 400 s7}, 
and creating, with the aid of an array processor and twin D/A 
converters, the necessary h.s. waveforms of duration 25 ms; see 
Fig. 1. These were then applied to the single sideband. modulator 
which is part of our spectrometer’s transmitter circuitry, to create 
the necessary irradiating field. The sample used was a 30-cm 
long tube of water placed in a solenoidal probe coil of length. 
8 cm and diameter 2.5 cm. An axial field gradient equivalent to 
l kHz cm™' was then applied; the magnetization profile thus 
created is shown in Fig. 2a. The selective h.s. pulse was given 
and the magnetization interrogated with the aid of an ordinary. 
90° pulse, followed by data accumulation and Fourier transfor- 
mation in the usual manner. Figure 2b shows the rectangular 
hole punched in the frequency profile. The sides are exceedingly 
sharp. While the width of the inversion is given by wB/a= - 
640 Hz ( compare with 0, = af), the sides of the hole cover only 











~60 Hz each, as might be expected from a 25-ms pulse. Increas- 
ing the incident radiofrequency power by a factor of up to 500 
above the minimum required for inversion had negligible effect 
> pn the profile, Further increase distorted the profile as the r.f. 
` power amplifier became nonlinear. While the magnetization in 
the selected region is highly perturbed and finally inverted, 
magnetization outside that region must also execute a consider- 
able motion in the presence of high-power pulses. Although we 
do not yet know the trajectories followed during the pulse by 
various magnetizations, the experimental results unequivocally 
indicate that magnetization always comes to rest upright outside 
the region and inverted within it—a unique phenomenon as far 
as we know. 

Note added in proof: A simple closed form of equation (5) has 
been found and a description is being prepared for publication. 
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Panic disorder is characterized by recurrent anxiety attacks in the 
absence of a frightening stimulus’. It is a common disorder, 
affecting 2-5% of the general paon and 10-14% of patients 
seen in cardiology practice", Infusion of sodium (DL)lactate 
precipitates an anxiety attack in most persons with this disorder 
but: rarely does so in normal controls, suggesting a neurobiological 
basis for the problem**. Despite this observation, the patho- 
physiology of panic disorder remains unknown. We have now used 
positron emission tomography to measure cerebral blood flow 
(CBF) in patients with panic disorder in the absence of a panic 
attack. Analysis of CBF in regions thought to mediate symptoms 
of panic, anxiety and vigilance reveals a significant (P < 0.005) 
. abnormal asymmetry of CBF (left < right) located in a region of 
the parahippocampal gyrus. This asymmetry was present in seven 
patients with panic disorder and a positive response to lactate 
infusion but was absent in six norma! controls and in three patients 
with panic disorder associated with a negative response to lactate. 
We believe this to be the first study to identify a discrete brain 
abnormality in patients with this severe form of anxiety. 

Ten patients with a history of panic attacks and six normal 
control subjects were studied. All patients satisfied both DSM 
IH criteria! and Feighner criteria’ for panic disorder. They had 
no other psychiatric disorders and were physically well. 
Measurements of regio ional CBF were made in each subject using 
the PETT VI system”? which simultaneously records data from 
seven slices with a centre-to-centre separation of 14.4 mm. All 
studies were done with an in-plane resolution of 11.7 mm full 
width at half maximum in the centre of the field of view. Regional 
CBF was measured by the intravenous injection of *O-labelled 

water using a modification of the Kety autoradiographic model 
developed and validated in our laboratory'®'’. All subjects were 
studied in the resting state. During the scans the subjects lay 
quietly with eyes closed and received minimal sensory stimula- 
tion. Ambient noise consisted of cooling fans for electronic 
_ equipment. All of the patients and two of the controls sub- 
sequently underwent a lactate challenge’ during which 10 mg 





per kg of 500mM sodium (DL)lactate was infused over 20- 
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Fig. 1 Left-to-right ratio of blood flow in the parahippocampal 

gyrus of: a, patients with a history of panic disorder and a positive: 

response to sodium lactate infusion (that is, a panic attack*); b; 

patients with a history of panic disorder and negative response to 

sodium lactate infusion; c, normal control subjects. These data. 
were obtained in a quiet, resting state. 








Table 1 Location of selected cerebral regions in a stereotactic atlas 
X (em) ¥ (cm) Zc 
Parahippocampal gyrus #2.3 -2.3 =Ü, 
Hippocampus +3,0 ~1.0 -t 
Hypothalamus +0.7 0.8 ~Q. 
Orbito-insular gyri +34 2.7 ~0, 
Anterior cingulate gyrus +0.7 4.0 2.0: 
Amygdala +23 0.9 Ei Br i 
Inferior parietal lobule +3.0 ~3.8 4, 





X, Lateral distance to the left (positive) or to the right (negative) of 
the centre of the brain slice containing the region of interest (ROI). ` 
Distance anterior (positive) or posterior (negative) to the centre of. th 
brain slice containing the ROI. Z, Vertical distance of the brain sli 
containing the ROI above (positive) or below (negative) a horizonta 
plane through the anterior and posterior commissures. 


30 min. These subjects were aware that lactate would be infuse 
at an undisclosed time and that this procedure might precipitate 
a panic attack. 

We divided our subjects into three groups: group a, sev 
patients with a history of panic disorder and a positive respon: 
to lactate infusion (that is, a panic attack as defined by Pitts 
and McClure’); group b, three patients with panic disorder and 
a negative response to lactate infusion; group c, six normal 
controls who had no history of psychiatric disorders and who 
were physically well. Whole brain, hemisphere and regional 
CBF were computed from our data in all subjects. The regional. 
measurements were obtained bilaterally in seven areas of brain 
thought to mediate symptoms of panic, anxiety and vigil- 
ance'’*"'®: hippocampus, parahippocampal gyrus, inferior 


parietal lobule, anterior cingulate gyrus, hypothalamus, orbito- 





Fig. 2 Positron emission tomographic images of regional cerebral blood flow (CBF) obtained in resting conditions in a patient with panic 
disorder and a positive response to lactate. For each image the patient's left is at 9 o'clock and anterior is at 12 o'clock. Image a is the 
horizontal section containing the parahippocampal region. The image is a quantitative representation of cerebral blood flow corresponding 
to the calibrated grey scale. Image b is the same tomographic section with the left half representing cerebral blood flow and the right half 
representing the difference in blood flow between right and left hemispheres, expressed as a percentage of the left hemisphere blood flow in 
the grey scale. All asymmetries depicted on the image are right > left. The region of abnormal asymmetry corresponds to the area of maximal 
asymmetry indicated by the line at the right of the image. This parahippocampal asymmetry was observed in all patients in group a (panic 
disorder with a positive response to sodium lactate), but not in the other subjects (see Fig. 1). Other asymmetries appearing in the image 

varied randomly among patients. 




























insular gyri and amygdala. These regions of interest were iden- 
tified in a stereotactic atlas'’ of the brain. Their locations on 
the positron emission tomography images were then found using 
an anatomical localization technique that is entirely independent 
fthe visual appearance of these images'*. All regions measured 
{3.5 x 13.5 mm in the plane of the slice and were 13,9 mm thick. 
The regions and their atlas coordinates are listed in Table 1. 

<The data were analysed using one-way analysis of variance 
techniques, including the Newman-Keuls multiple range test 
where appropriate. The three subject groups did not differ sig- 
nificantly in CBF in whole brain, left hemisphere or right hemi- 
here or in the left-right ratio of hemisphere CBF. We then 
compared the left to right ratios for CBF in seven preselected 
regions (Table 1) as a highly sensitive index of regional asym- 
metries. This analysis revealed a significantly lower ratio in the 
parahippocampal gyrus of the seven patients in group a who 
had a positive lactate infusion response (Table 2, Fig. |) than 
in groups b or c (P <0.005). Figure 2 shows a typical study. 


We were unable to determine whether this asymmetry represen- 
ted a decrease in the left parahippocampal gyrus or an increase 
in the right parahippocampal gyrus because the absolute values 
for CBF fall within our range of normal values. No other 
abnormal asymmetries were found. There was no group effect 
for age, sex, handedness or medication. 

After completion of this study, we analysed data from 20 
additional neurologically normal volunteers. Psychiatric his- 
tories were not available at the time of the analysis. Ratios of 
parahippocampal blood flow were indistinguishable from those 
of our six original controls, with one exception, a 34-yr-old 
female who had a ratio of 0,87; this is the mean for our seven 
patients with panic disorder and a positive response to lactate 
(Table 2, Fig. 1). This subject was interviewed and underwent 
a lactate challenge. Her history was consistent with the diagnosis 
of panic disorder! and she had a positive response to intravenous 
sodium lactate. The other 19 subjects were subsequently inter- 
viewed and none gave a history of psychiatric illness. 





Table 2 










Inferior 
parietal 
Group Parahippocampus Hippocampus lobule 
a (n=) 0.87 £0.04 1.03 +0.06 1.01:40.09 
“bin=3) 0.970.001 09740.10 1.01+0.04 
e(n=6) 1.00-0.03 1.00+0.04 1.0340.11 
Pdf =2, 13) 20.41% 0.86 6.10 





Left-to-right ratio (meancts.d.) of cerebral blood flow in selected regions in various human subjects 


Anterior 
cingulate Orbito-insular 
gyrus Hypothalamus gyri Amygdala 
0.380.115 1.044012 1.062:0.10 LOO. 12 
0.802.0.07 0.99-0.08 0.9140.08 1.12033 
0.820.111 0.99£0.03 0.95 40.08 1.04+0.19 
0.54 0.50 3.28 0.53 









Significant at P<0.0001. 





< Group a, patients with panic disorder and a positive response to lactate infusion; group 6, patients with panic disorder and a negative response 
lactate infusion, group c normal controls. The exact locations of the brain regions studied are given in Table 1. 
















© Thus, we have demonstrated here a focal brain abnormality 
“in patients with a discrete psychiatric disorder. Seven patients 
with a history of both spontaneous and lactate-induced panic 
‘attacks were distinguished from other patients with panic attacks 
and six normal controls by asymmetry in local CBF (and, by 
inference, local metabolism'”) in a circumscribed region of the 
parahippocampal gyrus. This abnormality seems to correlate 
with vulnerability to panic attacks but not with the panic state 
itself. 

The abnormality identified here may reflect an exaggeration 
of.a normal hemisphere specialization for the expression of 
emotional responses. It is located in a region of the para- 
hippocampal gyrus that contains both entorhinal cortex and 
subiculum, the major input and output, respectively, of the 
hippocampus. Thus, a predisposition to panic attacks is associ- 
ated with a discrete abnormality in a region of the human brain 
thought to be important in the expression of emotion’ 
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Initiation of synchronized 
neuronal bursting in neocortex 
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‘Epilepsy is characterized by highly synchronized parenn 
. bursts of activity within a large population of cortical neurones n 
Because such spontaneous, synchronized discharges can occur even 
in isolated blocks of neocortex’, mechanisms for initiating and 
coordinating this activity must ‘reside within the cortex itself. 
“However, the specific cellular properties and local neural circuitry 
- responsible for such behaviour are unknown. In a previous study 
of neocortex in vitro, we found that treatment with the convulsants 
penicillin and bicuculline led to synchronized bursts which were 
driven by unusually large and long-lasting excitatory synaptic 
conductances‘, I now report evidence that synchronized bursts are 
initiated by a small, spacially discrete subpopulation of cells 
ated in the area comprising layer IV and upper layer V. Neural 
elements in-these layers appear to project paroxysmal synaptic 
excitation radially, onto the neurones of other layers. 
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Fig. 1 Synchronized bursting in neocortical slices treated with 
50pm bicuculline. a, Stimulation of the white matter (vertical 
artefact) elicited prolonged neuronal burst, recorded intracellularly. 
(lower), and a simultaneous paroxysmal field potential (pfp; 
upper). Voltage records in all figures are negative downward, 
Intracellular recording was obtained 1,000 pm from. the pia, 
extracellular recording 600 pm from the pia. b, Different pathway 
of activation evoke similar synchronized bursts. P.f.p.s were record 
ed 600 pm from the pia and single stimuli were applied to either. 
white matter (wm) or pia. Intensity was adjusted to be near 
threshold and shocks were applied every 4s. Each set of traces. 
shows three consecutive stimuli, two of which evoked p.f.ps-and: 
one of which failed to evoke a p.f.p. Threshold intensity for pial 
activation was about five times that from white matter. c, p.f.ps 
recorded from different laminae. Conditions were the same as in 
b; threshold stimuli were delivered to the white matter and two 
consecutive traces are superimposed at each location. Distances: 
were measured from the pia. Each location was examined in ~ 
sequence by a moveable electrode; a second electrode was. located ` 
at 800 um from the pia to monitor shifts in p.f.p. latency (not 
shown). Arrowheads on each set of traces identify the latency of 
the first negative peak recorded at 800 pm. 
Methods: Slices were continuously superfused with physiological 
solution at 35°C. Intracellular recordings were made with 4M K 
acetate-filled micropipettes (30-40 MQ); extracellular field poten- 
tials were measured with 1M NaCl-filled pipettes (3-7 MQ). 
Monopolar cathodal stimuli (200s duration) were delivered. 
through sharpened tungsten wires. Data were recorded on magnetic : 
tape, digitized and analysed off-line. 





Experiments were performed on isolated, coronally sectione 
slices (400-500 pm thick) of sensorimotor neocortex from 
mature guinea pigs, as. described previously”. Synchronized: 
bursting was induced by bathing the slices in solutions contain 
ing 1-50 pM bicuculline methiodide, a potent antagonist of th 
cortical inhibitory neurotransmitter y-aminobutyric. aci 
(GABA)®. Spontaneous bursting was present only at the highe 
bicuculline concentrations. Low-intensity electrical stimul 
applied to the subcortical white matter, however, could elici 
essentially all-or-none neuronal bursts of long and variabl 
latency at all dosages (Fig. 1a). Blockage of chemical synaptic. 
transmission, by reducing calcium concentration from 2 to 1 mM 
and adding 3 mM manganese, abolished all bursting. The burst» 
ing induced by disinhibition seems to be synchronized amon, 
a very high proportion of the cortical neurones. When the activit: 
of pairs of neurones was recorded simultaneously, bursts wer 
invariably phase-locked*. This was reflected in the extracellula 
voltage; each synchronized burst was concurrent with a paroxys 
mal field potential (p.f.p.) that represented the simultaneou 
activity of a large number of neurones (Fig. 1a). P.f.ps did not 
occur in the absence of intracellularly recorded bursts. The p.f.p 
displayed several traits identical to the intracellularly recorded 
bursts, including long and very variable latencies, all-or-none 
occurrence and an invariant shape when activated by differen 
afferent i pathways e ie): 











Fig... 2 Laminar. analysis of- 
extracellular field potentials dur- 
ing synchronized bursts. Data 
are taken: from. same experiment 
vas illustrated in-Fig. 1e a, pfp. \ 
: amplitudes at two different laten- $ 
“cies ( V{t)) as a function of sub- 
“pial depth. Circles plot measure- 
ments at the latencies of the first 
«negative peak at 800 um (that is, 


+t 


o 
at 


via 
(mV) 
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be easily resolved from the back- -3 
ground noise. Filled symbols S 1000 
; : Ter P 
were derived from p.f.ps initiated p Depth (um) 


‘by stimulation of white matter, 


3000 
wm 


(mV mm?) 


a va 


ax? 





+10} 


+5} 





-sl 


0 leaves 
source “ 





ANS 
\b 





sink 





0 1000 


2000 
pia wm 
Depth (um) 


open symbols from pia stimuli. Five sweeps were averaged to derive measurements at each point. b, Current-source densities calculated 
from data shown in a. Net membrane currents were estimated by numerically approximating the second spatial derivative of V(t) (8 V(1)/ax7) 
using a finite difference formula? with a spacing of 400 um. Current sinks are indicated ie values greater than zero; negative values imply 
` current sources. Cortical resistivity along the axis. of measurement was assumed constant!” 


<: Todetermine the initial site of active membrane current during 
ynchronized bursts, p.f.ps were recorded at defined distances 
between the pia and white matter (Figs le, 2a). An activating 
Stimulus was kept near threshold so that non-burst-related 
potentials could be subtracted, and variations in latency were 
monitored by a second electrode fixed 800 wm from the pia. A 
one-dimensional current-source density analysis was performed 
by estimating the second spatial derivative of the extracellular 
oltage at various latencies’’. The earliest burst-related mem- 
‘brane current sink was invariably centred 900-1,100 ym from 
the pia (n=5 slices; Fig. 26). As the burst progressed, the 
maximal sink current increased greatly in size and moved super- 
ficially, to within 400-600 um of the pia. Within a slice, p.f.ps 
and their associated current-source density distributions were 
iot dependent on the site (that is, pia or white matter) of the 
electrical stimulus (Fig. 2). These data suggest that synchronized 
bursts are invariably presaged by active inward current in a 
ubpopulation of middle-layer neuronal elements. 
Electrical stimulation of the slice elicits a relatively undefined 
pattern of activation. Therefore, I attempted to initiate synchron- 
ed bursts by selectively exciting small groups of neocortical 
neurones using focally applied L-glutamate, an excitatory amino 
acid, or focally elevated potassium concentration. When a 
hreshold level of glutamate was exceeded, typical synchronized 
yursts were elicited (Fig. 3a); this threshold varied systemati- 
cally across laminae (Fig. 3b). Sharp threshold minima always 
occurred in the middle layers, peaking at a distance of 965+ 
225 um (mean +s.d.) from the pia (n = 12 slices), When tested 
n the same slice, K* ejections (25 mM) yielded the same site 
threshold minimum (n = 3 slices). When the loci of glutamate 
hreshold minima were marked with small spots of pontamine 
ue dye and examined histologically, they were found to lie 
thin layer IV or the upper part of layer V (data not shown). 
< Several studies of neocortex in situ, using various species and 
cortical areas, have shown that specific middle layers are 
Specially sensitive to the convulsant effects of penicillin!” "’, 
Similar results were obtained here with bicuculline and neocor- 
cin vitro (n = 6 slices). Slices were bathed in convulsant-free 
solutions and focal pressure applications of the drug were made 
t varying distances from the pia (Fig. 4a). When a suitably 
all bicuculline pulse was applied to superficial (<800 pm 
tom the pia) or deep (>1,200 um from the pia) cortical layers, 
evoked potentials were either unaffected or, at the recording 
ite closest to the application; slightly increased in amplitude 
ig. 4b, 640 and 1,500 pm). However, the same amounts of 
uculline ejected into the middle layers often led to the gener- 
tion of relatively small, all-or-none field potentials of long and 
ifting latency (Fig, 4b, 1,100 pm). Coincident with each of 
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Fig. 3 Triggering of synchronized bursts by L-glutamate. a, L- 
Glutamate applied 1,000 um from the pia (top) evoked a p.f.p. 
(middle) and a simultaneous neuronal burst, recorded intracel- 
lularly (bottom). Extracellular recording was made 500 um from 
the pia, intracellular recording 700 um from the pia. b, Threshold 
for p.f.p. generation (in ms of L-glutamate pulse duration) as a 
function of the distance of glutamate pipette from the pia. 
Examples from three different slices are illustrated. Each point 
signifies the pulse duration at.which p.f.ps were generated on 50% 


of the trials. 


Methods: L-Glutamate (0.5-2 mM in physiological solution) was 
pressure ejected (3.5 kg per cm* of N,) through micropipettes of 
2-5 um tip diameter. The duration of the pressure pulses was varied 
by digital control of a rapidly switching solenoid valve (General 
Valve Inc.), A minimum command of 5 ms was required to open 

; othe valve, i 

















n Fig.4 Laminar sensitivity to focally 
> applied bicuculline. The tissue slice 
“was bathed in bicuculline-free sol- 
ution. a, Schematic diagram of 
experimental design. Low-intensity 
shocks were applied to the white mat- 

¿z ter (0.1 Hz) and two extracellular 
electrodes (V1 arid V2) were located 
at fixed distances of 700 um and 
1,600 pm from the pias;Bicuculline 
was released in constalt amounts 
froma micropressure pipette (500 ms 
pulse; 100 ùM in physiological sol- 
ution) at three distances from the pia 
(dots). b, Only middle-layer ejections 
led to paroxysmal potentials. Each 
set of traces shows records from V1 
and V2 before (arrowheads) and 

l min after bicuculline ejections. 
Ejections were spaced 10 min apart; 
each location was tested twice and 
similar results were observed. Only 
the ejection at 1,100 jm led to large, 
negative, shifting latency waves at 
VL. The simultaneous response at V2 
was smaller and positive-going, but 
extracellular action potentials (filled 

- triangles} were seen.to discharge syn- 
- Chronously: with the shifting late 
“owave-at VI. V2- traces at 1,100 pm 
| arë separated for clarity. c, Intracel- 
lular recordings (bottom) confirm 
that neurones displayed. paroxysmal 
depolarizations during extracellular 
negativities (top). Four consecutive 
Superimposed traces are shown, 
including three paroxysmal poten- 
tials and one failure. Recordings 
were made from same slice as for b. 


15 ms (b) 
50 (c) 


near the extracellular recording sites revealed a depolarizing 
wave {8-25 mV, 25-65 mis) which could evoke from one to four 
action potentials (Fig. 4c). Such behaviour is very similar to the 
paroxysmal synchronized bursting observed in slices uniformly 
exposed to penicillin*, a weaker convulsant agent. 

These experiments provide three converging lines of evidence 
which implicate. a specific region of neocortex in the initiation 
of synchronized bursts. The area comprising layer IV and super- 
> ficial layer V is where: (1) the first burst-related inward mem- 
_ brane current occurs, (2) the minimal amount of L-glutamate 
excitation evokes a burst, and (3) relatively small areas of 
disinhibition lead to widespread synchronized bursts. Further, 
in vivo studies of cortical epileptic foci in rats have shown that 
reductions in extracellular calcium activity precede burst onset 
- most prominently in the middle layers'*. These data are most 
simply explained by assuming the presence of a subset of middle- 
layer neurones with properties unique within the neocortex’. 
Such cells would have membranes endowing them with intrinsic 
bursting capabilities, a system of short-latency reciprocal excita- 
tion to synchronize their activity, an extensive set of divergent 
axons to powerfully excite other cortical neurones within a local 
area, and adjacent local circuits of GABA-mediated inhibition 
to control. bursting in normal conditions. The middle layers 
pinpointed by this investigation coincide with the position of a 
small population of intrinsically bursting neocortical neurones 
_ observed in control recording conditions’. These cells must now 
be considered strong candidates for a pacemaking function in 
synchronized discharge. Within hippocampus, pyramidal cells 
of the CA2/CA3 region apparently serve an analogous role by 
-< virtue- of their specific membrane properties and excitatory 
synaptic contacts'*'*, 

. The possible: task of a middle-layer synchronizing system in 





: ‘normal neocortical function is unknown. An-oscillatory synaptic. 





ive “from these neurones may, underlie the Spontaneous 
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spindle-like rhythms of extracellular voltage often observed in 
large, isolated neocortical slabs in situ*'®. Additionally, giver 
their position, such cells probably receive direct monosynapti 
contacts from specific thalamic afferents!’ , implying an impo 
tant role in the integration of sensory information. Thus, the 
temporal patterns of both normal and epileptic cerebral activit 
may result, in part, from the interactions of separate; cortical 
and subcortical (that is, thalamic) neural pacemakers'® 

I thank C. P. George for help in some of the early experiments 
Drs D. A. Prince, B. R. Ransom and J. W. Lighthall for the 
comments on the manuscript, S: Lyon and J. L. Kadis for 
technical assistance and C. A. Joo for secretarial help. Th 
study was supported by Biomedical Research Support grant RR 
$353 and NS 12151 from the NIH. 








Received 4 January: accepted 4 June 1984. 


. Matsumoto, H. & Ajmone-Marsan, C. Expl Neurol. 9, 286-304 (1964). : 
. Jasper, H. H., Ward, A. A. & Pope, A. in Basie Mechanisms of the Epilepsies (Lite, Brow: 
Boston, 1969). 

. Kristiansen, R, & Courtois, G, EEG clin. Neurophysiol 1, 265-272 (1949). l 

Gutnick, M. J., Connors, B. W. & Prince, D. A, J. Neurophysiol. 48, 1321-1335 (1982): 

. Connors, B. W., Gutnick, M. 1.& Prince, D. A. J. Neurophysiol. 48, 1302-1320 (1982). 

. Johnston, G. A. R. A. Rev. Pharmac. Tox. 18, 269-289 (1978). 

. Nicholson, C. & Freeman, J. A. J. Neurophysiol 38, 356-365 (1975). 

. Freeman, J. A. & Nicholson, C. J. Neurophysiol. 38, 369-382 (1975), 

. Mitzdorf, U. & Singer, W. Expl Brain Res. 33, 371-394 (1978). 

10. Lockton, J. W, & Holmes, O, Brain Res. 190, 301-304 (1980), 

it. Ebersole, J. S. & Chatt, A. B. Neurology 30, 355 (1980). 

12. Elger, C. E., Speckmann, E. J., Prohaska, O. & Caspers, H. EEG clin. Nenraphysto. y Si 
393-402 (1981). 

14. Pumain, R., Kurcewicz, L & Louvel, J, Science 222, 177-179. (1983). 

14. Schwartzkroin, P. A. & Prince, D. A. Brain Res. 147, 117-130 (1978). 

15. Wong, R. K. S. & Traub, R, D. J. Neurophysiol, 49, 442-458 (1983). 

16. Andersen, P. & Andersson, $. A. in Physiological Basis of the Alpha Rhythm 71-83 (Appleton: 
Century-Crofta, New York, 1968). 

17, White, E. L. Brain Res. Rev: 1, 275-312 (1979). 


Ne 


Re a 












Inducible expression of H-2 
and Ia antigens on brain cells 








Grace H. W. Wong", Perry F. Bartlett, Ian Clark-Lewis, 
Frank Battye & John W. Schrader 
























































e. Walter and Eliza Hall Institute of Medical Research, 
oyal Melbourne Hospital, Victoria 3050, Australia 





Cells in the brain express unusually low levels of antigens encoded 
by the major histocompatibility complex (MHC)'”. This is some- 
what surprising as class I (H-2) and class H (la) MHC antigens 
have critical roles in immune responses’. The activation of T 
lymphocytes is associated with the enhanced expression of these 
antigens and this effect is mediated by a specific T-cell lymphokine, 
y-interferon (IFN-y) Y. Here we show that IFN-y induces a 
dramatic increase in the expression of H-2 antigens on the cells 
of the brain. After exposure to IFN-y in vitro, all surviving cells, 
including most astrocytes, oligodendrocytes, microglia and at least 
yme neurones, express H-2 antigens. Direct injection of IFN-y 
into the brains of mice indicated that H-2 antigens were alse 
induced in vivo, Furthermore, IFN-y induced Ia antigens on a 
subpopulation of astrocytes. The induction of H-2 antigens by 
IFN-y may render brain cells competent to initiate and participate 
immune reactions and may therefore contribute to both 
mimunoprotective and immunopathological responses in the brain. 
Cell suspensions were prepared by trypsinization of brains 
‘om 2-day-old mice. H-2 antigens were detected by monoclonal 
antibodies and indirect immunofluorescence and the levels 
‘quantitated by flow cytometry. The proportion of cells express- 
ing detectable H-2 antigens in the starting population was less 
than 1%. These cells were cultured with or without IFN-y 
produced by monkey (COS-I) cells that had been transfected 
with the cloned murine IFN-y gene'*. Within 24h of IFN-y 
‘treatment, H-2 antigens were detectable on 99% of viable cells 
(Fig. 1) and 87% of cells expressed levels of H-2 antigens similar 
to those on IFN-y-treated macrophages or spleen cells. The 
mean H-2-specific fluorescence per cell was increased by at least 
60-fold. Brain cells exposed either to control supernatants con- 
taining no IFN-y (Fig. 1) or to medium alone did not express 
significantly higher levels of H-2 antigens than did the starting 
Opulation. 

Detectable induction of H-2 antigens required an 18-h 
exposure to IFN-y and maximal induction occurred at 24-48 h. 
Induction was dose-dependent and the maximal response was 
observed at a concentration of IFN-y corresponding to 1-2 
‘units per ml of antiviral activity. Similar results were obtained 
with IFN-y derived from antigen-stimulated T-cell clones or 
mitogen-activated spleen cells. Actinomycin D (0.05 pg ml7!') 
‘and cycloheximide (5 pM) blocked the induction of H-2 anti- 
gens without affecting cell viability, suggesting that the induction 
equired new RNA and protein synthesis. The induction of H-2 
ntigens is not due to inhibition of cell division because mitomy- 
C (40 wg mi”) inhibited DNA synthesis but did not induce 
+2 antigens on brain cells. 

The brain cell types that expressed H-2 antigens were iden- 
fied by antibodies to cell type-specific components, glial fibril- 
lary acidic protein (GFAP) for astrocytes’’, galactocerebrosidé 
(GC) for oligodendrocytes”, Fc receptors for microglia”’ and 
y a monoclonal antibody A2B5 for neurones”. Although. it has 
een shown that A2B5 also binds to glial progenitor cells**, the 
A2BS* cells we examined were GFAP” and GC, suggesting 
‘that they were neurones. Neurones were also identified with an 
antiserum, that reacts with neurofilaments (NF)”. The cellular 
‘composition of the viable cell population before and after. 24h 
culture with or without IFN-y is shown in Table 1. Double- 
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Fig. 1 Induction of H-2 antigens on brain cells. a, Analysis of 
cells stained with fluorescein-conjugated avidin alone, b, cells 
stained with biotin-conjugated monoclonal antibody (11-4.1) to 
H-2K* antigens and fluorescein-conjugated avidin. c, Results of 
analysis of the same samples as in b except that fluorescence 
intensity (H-2 antigens) is plotted against forward light scatter, 
an indicator of cell size. The level of increase in H-2 antigens was 
calculated as the ratio of mean fluorescence intensity of the IFN- y- 
treated sample to that of the control. 
Methods: Cell suspensions were prepared from entire brains of 
2-day-old CBA mice. The tissue was carefully dissected free from 
the meninges, finely sliced and incubated at 37 °C for 30 min with 
trypsin (1 mg ml!) and DNase I (10 ug mi~?) to prevent the forma- 
tion of aggregates. Trypsinization was arrested by the addition of 
fetal calf serum (10%). The cell suspension was centrifuged and 
the pellet was dispersed by pipetting. Approximately 1.2 x10’ 
viable cells were recovered per brain and the viability was ~80%. 
These cells (~~ 10° per ml) were cultured in Dulbecco’s modified 
Eagle’s medium with fetal calf serum (10%) in Corning flasks 
(75 cm?) at 37 °C with either supernatant (5% ) of cultures of COS-I 
cells transfected with the cloned murine IFN- y gene” containing 
40 units per ml of IFN- y or a control supernatant (5% ) of cultures 
of nontransfected COS-I cells (both supernatants were a gift from 
P. Gray and D. Goeddel) (Genentech). IFN-y was assayed as 
previously described*. After 24h, culture of the recovery of total 
viable cells was 38% and 35% in the absence and presence of 
IFN-y (2 units per ml), respectively. The non-adherent cells and 
adherent cells removed by trypsinization were pooled and stained 
with optimal amounts of biotin-conjugated mouse monoclonal 
antibody against H-2K* antigens (11-4-1)°° at 4°C for 20 min, 
followed by washing and addition of fluorescein-conjugated avidin 
(Sigma). Trypsinization has been reported to have no effect on the 
expression of MHC antigens****. Detection of the observed 
fluorescence was specific for H-2 antigens in that a monoclonal 
antibody (34-1-28)>° of the same class (IgG2a), but specific for a 
different H-2 haplotype ((H-2K4D*), did not bind to IFN-y: 
treated brain cells from CBA (H~2K*, D‘) mice. Approximately 
10,000 stained cells per sample were analysed by flow cytometry 
in a fluorescence-activated cell sorter (FACS H, Becton-Dick- 
inson). The % of the viable cells within the set gates were 90 and 
91% of the control and IFN--y-treated samples, respectively. The 
intensity of fluorescence (proportional to the level of H-2 antigens) 
is shown in arbitrary units on a three-decade logarithmic scale. 
The non-viable cells in the sample were stained with propidium 
iodide to allow: their exclusion from analysis as cells that fluogesce ~~ 
; bright red. : 


. 











Fig. 2 Induction of H-2 antigens on oligodendrocytes and H-2 and la antigens on astrocytes by LFN-y. a, Oligodendrocytes viewed with: 
1, phase contrast; 2, rhodamine fluorescence (GC*) and 3, fluorescein fluorescence (H-2*), b, Astrocytes viewed with: 1, phase contrast: 2, 
fluorescein fluorescence (GFAP): 3, rhodamine fluorescence (H-2"). c, Astrocytes viewed with: 1, phase contrast: 2, fluorescein fluorescence 
(GFAP*); 3, rhodamine fluorescence (la*). 

Methods: Brain cell populations from 2-day-old CBA mice were grown for 6-7 days on coverslips and then exposed to [FN-y (2 units per 
ml) for 24h. The oligodendrocytes were first stained with biotin-conjugated monoclonal antibody against H-2 antigens (11-4-1)** and 
fluorescein-conjugated avidin, followed by monoclonal antibody against galactocerebroside (GC)*! and thodamine-conjugated rabbit anti- 
mouse immunoglobulin. The astrocytes were stained first with biotin-conjugated monoclonal antibodies against either H-2 (1 1-4-1)° or fa” 
(14-4-4S)° antigens, followed by rhodamine-conjugated avidin. The staining was specific in that fluorochrome-conjugated avidin binds only 
to biotin-conjugated antibodies whereas fluorochrome-conjugated rabbit anti-mouse immunoglobulin did not bind to the monoclonal antibody © 
11-4-1 which has been conjugated to biotin. The failure of rabbit anti-mouse immunoglobulin to bind biotin-conjugated mouse monoclonal 
antibodies is of some technical interest and will be reported elsewhere (G.H.W.W. et al., in preparation). All cells were examined by fluorescence 

microscopy using x 1,000 magnification. 


labelling studies showed directly that the percentage of GFAP*, 
GC*, Fc* and A2B5* cells that expressed H-2 antigens at the 
levels detectable by fluorescence microscopy were 100, 100, 85 
and 9, respectively. Examples of double-labelled H-2* astro- 
cytes and oligodendrocytes are shown in Fig. 2. 

IFN-a/B produced by Semliki Forest virus-infected L cells* 
was also examined in the same system and was found to be less 
effective. A concentration of 200 units per ml of IFN-a/B was 
required to induce detectable levels of H-2 antigens on only 
50% of the viable cells (not shown). Comparison of the antiviral 
titres showed that the H-2-inducing activity of IFN-a/ B was 
at least 200-fold less potent than IFN-y. 

To determine whether IFN-y had similar effects on brain cells 
in vivo, IFN-y was injected directly into the brains of 2-day-old 
mice. After 36 h, cell suspensions were prepared from the brains 
as before and assayed immediately for expression of H-2 anti- 
gens. Cell populations from IFN-y-injected brains expressed 
high levels of H-2 antigens (at least 30-fold increase over con- 
trol) on about 50% of cells (Fig. 3d), whereas <2% of cells 
isolated from the brains injected with control supernatants 
expressed detectable levels of H-2 antigens (Fig. 3a). H-2 
antigen induction was detectable at 24 h and was maximal 36h 
-after injection. A maximal effect with a single injection required 
25 units per brain. In contrast to the experiments with cultured 


cells (Fig. 1), treatment of brain with IFN-y in vive did not! 


result in the expression of H-2 antigens on all cells. This differ: 
ence probably reflects the uneven distribution of the IFN-y 
injected locally, because the percentage of H-2-positive cells’: 
rose to above 80% in mice given two injections into different 
sites over a 3-day period. 

Because neurones could not be readily maintained in vitro 
(Table 1), it was of particular interest to examine the inductio 
of H-2 antigens on neurones in vivo. As shown in Fig. 3), . 
352% of the viable cells freshly isolated from the brains wit 
or without IFN-y treatment were A2B5*. Double-labellin; 
studies showed that 15+ 1% of these A2B5* cells from IFN-y 
treated brains expressed detectable levels of H-2 antigens (Fig 
3f) whereas <1% of A2B5* cells from the control brains wer 
H--2* (Fig. 3c). About 30% of the brain cells were NF* and. 
10+3% of NF* cells from IFN-y-treated brains were H-2* by 
fluorescence microscopy. Double-labelling of H-2* cells with 
either A2B5 or antibody to neurofilaments is shown in Fig. 4. 
Other double-labelling experiments showed that the percentages 
of GFAP”, Fc* and GC* cells that expressed detectable levels 
of H-2 antigens by fluorescence microscopy were 62, 45 and : 
55, respectively. 

We also examined the effect of IFN-y on the expression of 
la antigens. Freshly isolated brain cells or cells that had been. 
cultured for 24 h with or without IFN-y did not express deteg 
able levels of la antigens. However, when populations of brain. 









Fig. 3 Induction of H-2 antigens 
on brain cells in vivo. The results 
show the levels of fluorescein fluor- 
escence indicating the levels of H-2 
antigens on cells obtained from the 
aentrol (a) or IFN--y-injected (d) 
. brains, and levels of rhodamine 
fluorescence, indicating the levels of 
A2B5 staining on célls derived from 
“the control (b) or IFN-y-injected (e) 
brains, in each case plotted against 
cell number. Also shown are the same 
data from control (¢) or IFN-y-in- 
jected brains (/) in which the levels 
of green (H-2) are plotted against 
_.. red (A2B5) fluorescence. 

Methods: Cerebra and cerebella of 
2-day-old BALB/c mice were in- i 
jected with a total of 50 wl per brain ' 4 
of control supernatant lacking IEN- y 

activity or IFN-y (50 units per 

brain). Single-cell suspensions (with 

85% viability) were prepared as 
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described for Fig. 1 and were first 4 40 400 
stained with —_ biotin-conjugated Green (H-2) 
monoclonal antibody against ne oe 
H-2K"D° antigenas (34-1-28)°" 


using the FACS Il, and 
and 89% of the control and IFN-y-treated cells, respectively. 
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cells that had been cultured for 6-7 days and consisted of ~90% 
‘astrocytes were treated with IFN-y (2 units per ml) for a further 
24h, about 10% of the cells expressed la antigens as detected 
by fluorescence microscopy. Double-labelling studies with anti- 
GFAP and antibodies against la antigens showed that the label- 
ded cells were astrocytes; an example is shown in Fig. 2c. In 
contrast, IFN-a/ B (200 units per ml) did not induce detectable 
Ja-antigens on these cells. In cells freshly derived from brains 
irectly injected 36 h previously with IFN-y, about 5% of cells 
displayed la antigens, compared with less than 1% of cells from 
the control brains. Double-labelling experiments identified these 
cells as astrocytes. The significance of these findings is empha- 
ized by the recent finding of Fontana et al.** that astrocytes 
which displayed these antigens following contact with T cells, 
‘ould present myelin basic protein to encephalitogenic T-cell 
lines. 
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followed by fluorescein-conjugated avidin and then with a monoclonal antibody (A2B5)”? against the GQ ganglioside, followed by rhodamine- 
conjugated rabbit anti-mouse immunoglobulin. Propidium iodide was added to stain non-viable cells and allow their exclusion from analysis 
25,000 stained cells per sample were analysed. The percentages of the viable cells within the set gates were 85% 


Overall, these results indicate clearly that IFN- y induces H-2 
antigens on astrocytes, oligodendrocytes, microglia and at least 
some neurones in vitro and in vivo, Although H-2 antigens could 
be induced on 99% of the cells that survived 24h in vitro, we 
could not exclude the existence of subpopulations of cells such 
as neurones which might not be inducible but were selectively 
lost during the culture period. Similarly, because of uncertainties 
about the distribution of IFN-y in vive it cannot be concluded 
that negative cells are necessarily uninducible, The experiments 
both in vitro and in vivo rely on a similar technique for isolating 
the brain cells and bias in the recovery of cell types could occur. 

T cells have been shown to be actively involved in certain 
brain lesions", and the pathology of certain virus infections 
in hey brain appears to be caused by virus-specific cytotoxic T 
cells’’, Given the absence of H-2 antigens in the normal brain, 
it ehi be expected that virus-infected brain cells would escape 


Fig. 4 Induction of H-2 antigens 
on neurones. Celis from the brains 
of BALB/c mice injected 36h pre- 
viously with IFN-y (50 units per 
brain) were prepared and stained 
with anti-H~2 (34-1-28) and A2B5 as 
described in Fig. 3 legend. Another 
group of H-2* cells was cytocen- 
trifuged, fixed and further stained 
with antibody which binds to 
neurofilaments” as described in 
Table | legend. a, Cells viewed (760- 
fold magnification) with: 1, phase 
contrast; 2, rhodamine fluorescence 
(A2B5*); 3, fluorescein fluorescence 
(H-2*). b, Cells viewed (x 400 mag- 
nification) with: 1, phase contrast: 2 
fluorescein fluorescence (NF”): 3 
rhodamine fluorescence (H~2*), 
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Table 1 Composition of the brain cell population before and after 
sie culture 





Before culture After culture 


(%) (%) 

Without With 

IFN-y IFN-y 
GFAP* (astrocytes) 37.342.1 63.8+11.5 61.6+10.2 
GC* (oligodendrocytes) 1.7+0.4 L5+0.4 1.2+0.3 
Fe* (microglia) 4741.1 9.54 1.8 6.91.1 
A2B5* (neurones) 38.3+9.8 8.1405 8.4414 
NF* (neurones) 32.345.5 3.7440 3.3431 


nitrite ae ntseien 
Brain cells, either freshly prepared or cultured for 24 has described 
in Fig. | legend, were stained for cell type-specific markers and fluoro- 
chrome-conjugated anti-mouse or anti-rabbit immunoglobulin. Mono- 
clonal antibodies to the GQ ganglioside (A2B5)?, galactocerebro- 
side?! (anti-GC, from Dr Barbara Ranscht)?! and Fe receptor 
(2.4G2)” (from A. Lopez) were used to identify neurones”, oligoden- 
drocytes™?! and microglial cells’, respectively. Astrocytes and 
neurones were identified by staining with an antiserum against cytoplas- 
mic glial fibrillary acidic protein (GFAP)! (rabbit anti-human GFAP; 
Dako-Santa Barbara) and rabbit antiserum to a-MSH which binds to 
neurofilaments” (Immunonuclear), respectively, while the controls were 
incubated with normal rabbit serum. For identification of cytoplasmic 
markers, cells were cytocentrifuged and fixed in 5% acetic acid in 
_ ethanol before labelling with rabbit anti-GFAP or rabbit anti-NE serum 
“and fluorescein-conjugated. goat anti-rabbit immunoglobulin. All cells 
-Were fixed on coverslips, mounted in glycerol, sealed with nail varnish 
‘and examined by fluorescence microscopy using 1,000-fold magnifica- 
“tion. Dead cells were identified by uptake of propidium iodide and 
excluded from the analysis. Results are expressed as the mean + s.d. 
from three separate experiments. About 20% of viable cells were not 
identified; they could be leptomeningial cells, fibroblasts or cells belong- 
ing to the indicated lineages but not expressing any of these markers. 


recognition and destruction by cytotoxic T cells which can 
‘recognize viral antigens only in association with the H-2 antigens 
of the cell”. However, our results suggest that in the presence 
of activated T cells or IFN-y, H-2 antigens can be induced on 
brain cells, thus rendering them susceptible to lysis by cytotoxic 
T cells. 
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It has long been assumed that a rise in cytosolic free Ca**, [Cath 
is a necessary and sufficient event for the stimulation of a vari ty 
of cellular processes'*. The development of a technique which 
allows monitoring of [Ca?*], in small intact cells’ has led to’ 
critical revision of this simple postulate’. We have recently shor 
that in neutrophils, Ca?*-ionophore-induced elevations of [Cat 
quantitatively similar to those caused by chemotatic peptides, a 
ineffective in stimulating cell responses®, which suggests that an 
additional signal is required for receptor-mediated activation. Here 
we show that subthreshold concentrations of phorbol myristate 
acetate (PMA) and of a Ca** ionophore can quantitatively mimi 
the effect of a physiological agonist. However, PMA at higher: 
concentrations can trigger NADPH-oxidase activity, exocytosis 
and protein phosphorylation, even when [Ca”*], is lowered 10-20. 
times below the normal resting level. These results strongly suggest 
that activation of protein kinase C is sufficient, by itself, to induc 
NADPH-oxidase activation and exocytosis of secondary granule 
in neutrophils. : 

Recently, Rink et al’ have shown that in platelets, the effect: 
of thrombin on cell function can be mimicked by a combinatio: 
of subthreshold levels of a Ca?* ionophore and of PMA o 
l-oleoyl-, 2-acetyl-glycerol (OAG). Both compounds are know: 
to substitute for diacylglycerol, the supposed physiological. 
activator of the ubiquitous phospholipid-dependent Ca?*-acti 
vated protein kinase C (ref. 9). A similar synergistic effe 
between PMA and the Ca?* ionophore, ionomycin, can be 
obtained in human neutrophils (Fig. 1, trace b). Addition o 
ionomycin in Ca’*-free medium, which is not stimulatory pei 
se (trace c), induces a classical respiratory burst in neutrophils: 
pretreated with a subthreshold concentration of PMA. Trace.a 
of Fig. | shows that in the same batch of quin2-loaded cells, 
PMA slightly decreases [Ca°*], while ionomycin causes an 
abrupt and transient rise of [(Ca**}. In Ca**-supplemented or. 
Ca**-free medium, a synergistic effect occurred between sub 
threshold levels of ionomycin and PMA with regard to th 
secretion of specific granules (vitamin B,. binding protein) @. 














glucuronidase) (not shown; see also ref. 10). Two important 
_ differences were noted between the synergistic effects of PMA 
: and ionomycin on O, consumption and on secretion. Secretion 
starts immediately after ionomycin addition and is complete 
within about | min, whereas O, consumption starts about 30 s 
after ionomycin addition, that is, when [Ca’*], is falling towards 
“basal levels, and survives the return of [Ca?*], to resting level. 
The most popular interpretation'' of the synergism between 
Ca’* ionophores and protein kinase C activators is that PMA 
or OAG activates protein kinase C which increases the Ca’* 
_ sensitivity of processes triggered by the Ca’* ions themselves. 
An alternative possibility, however, is that protein kinase C, 
once activated by OAG or PMA, is sufficient per se to trigger 
ome cellular metabolic responses'?, In this case, the role of 
a’* will be indirect, synergizing with subthreshold levels of 
PMA or OAG to activate protein kinase C and/or sensitizing 
some other intracellular process to subthreshold activation of 
‘protein kinase C (for example membrane fusion). One way to 
-distinguish between these two possibilities would be to decrease 
-{Ca’*], to very low levels (1078-107? M) at which all known 
~Ca’**-dependent processes are practically inactive (see, for 
example, refs 13-18) and to see whether a response can still be 
elicited with PMA. One problem with this approach is that in 
vitro protein kinase C is itself considered to be Ca?" dependent 
Veven in the presence of PMA”. The simplest way of detecting 
=the activity of protein kinase C in intact cells is to look at protein 
-phosphorylation and, indeed, a change in the pattern of protein 
phosphorylation is among the first detectable effects of PMA 
on intact neutrophils’’. Very low [Ca’*], can be obtained by 
ading cells with quin2 in Ca**-free medium containing EGTA 
(ref. 3), conditions under which Ca?" homeostasis cannot be 
maintained. In neutrophils, quin2 loading in Ca**-free medium 
plus EGTA results in a decrease of [Ca**], to 5-10 nM, that is, 
10-30 times below resting values (see also Fig. 2). No significant 
difference in the pattern of protein phosphorylation induced by 
PMA at resting [Ca**], (100 nM) or at low [Ca’*], (8 nM) was 
observed (data not shown). Thus, even at [Ca?*], as low as 8 nM, 
intense protein phosphorylation can be obtained with PMA, 
presumably a result of protein kinase C activation. The question 
then arises whether the cellular responses that can be activated 
_ by protein kinase C can still occur at negligible [Ca°*],. 
Figure 2 (lower trace) shows that in neutrophils loaded with 
quin2 in Ca**-free medium plus EGTA, [Ca2*], 5x10 M, 
dition of 20nM PMA potently stimulates O, consumption. 
nomycin does not cause any further stimulation of O, con- 
sumption or release of Ca**, showing that the depletion of 
intracellular Ca** stores was complete. When Ca** is added to 
the cell suspension, its cytosolic concentration rises to micro- 
molar levels but O, consumption is unaffected. Furthermore, 
while the dependence of O; consumption rate on PMA con- 
centration is affected by [Ca**], maximal stimulation is practi- 
cally independent of it (Fig. 3). This result suggests that [Ca’*], 
i fluences the activity of NADPH oxidase indirectly, through 























































Table 1 Release of vitamin B,, binding protein 





10°* M[Ca?*], 107? M[Ca?*}, 
Stimulu: +CB ~CB +CB -CB 
PMA 3740.7 351.0 3642.8 2242.5 
FMLP 20.3 441.5 242.5 1242.5 








CB, cytochalasin B. Quin2 content, 0.69 nmol per 107° cells. Cell 
number, 2.5 x 10° per ml. PMA and FMLP concentrations were 30 nM 
and1 uM, respectively. Cytochalasin B was 5 ug ml7'. The values are 
xpressed as % of the total content after 15 min of incubation with 
her stimulus subtracted from basal release, Values are means +s.d. 
of triplicates of a typical experiment. The loading was performed as 
“described. for Fig. 2. The cells were stimulated in media of the same 
composition as used for the loading. 10°7 M is the level of [Ca?*], before 
addition of the stimulant. [Ca**], decreased to. 9 x 10°" M or increased 
6x10°7.M. after PMA or FMLP, respectively, At 107° M [Ca], 
neither PMA nor FMLP affected [ca]. 
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Fig. 1 lonomycin-induced. release of Ca’* from intracellular 


stores triggers NADPH-oxidase activation in neutrophils pre- 
treated with subthreshold PMA concentrations. Trace a, [Ca**], 
changes; traces b, c, O, consumption in two aliquots of the same 
batch of quin2-loaded human neutrophils. The suspending medium 
contained 140 mM NaCl, 5 mM KCL 1 mM MgSO,,0.5 mM CaCl, 
I mM NaHPO,, 5.5mM glucose, 20mH HEPES. pH 7.4 (37°C). 
I nM PMA, 5 mM EGTA and 0.2 nie ionomycin were added where 
indicated. Cell number, 2.5 10° ml”'. Quin? content, 0.15 nmol 
per 10° cells. Human neutrophils were obtained from healthy 
donors and isolated (>95% pure) according to standard pro- 
cedures®. O, consumption and fluorescence measurements were 
performed with an oxygen Clark electrode and a Perkin Elmer 
650-40 fluorimeter, respectively. Both the fluorimeter cuvette holder 
and the oxygen electrode glass vessel were thermostated (37°C) 
and magnetically stirred. Excitation and emission wavelengths 
were 399 +3 and 492 + 10 nm, respectively. To minimize light scat- 
tering artefacts, two cutoff filters UV D 25 and UV 35 for excitation 
and emission, respectively, were used. Quin? loading and calibra- 
tion of fluorescence as a function of (Ca**}, were performed as 
described previously**. The rise in [Ca?*], induced by ionomycin 
in this experiment was much larger than previously reported in 
the same conditions", This was obtained by reducing the cellular 
quin2 content, thus minimizing the Ca?” buffering by the indicator. 


protein kinase C, rather than by affecting the enzyme itself. This 
finding is consistent with the observation that maximal OF 
production by inside-out vesicles isolated from preactivated 
alveolar macrophages can occur at 10°? M Ca?” (ref. 21). 
Phorbol esters not only trigger the production of toxic O, 
metabolites in phagocytic cells but also have pleiotropic effects 
on cell functions. In particular, they can cause secretion of 
exocytotic granules in this and other cell types’??’. Exocytosis 
involves fusion between membranes and rearrangement of 
cytoskeletal components and it has been generally assumed that 
such processes require Ca°*. It was therefore of great interest 
to see whether PMA could also induce exocytosis at [Ca**] 
levels of <10°* M. Table 1 shows that the release of vitamin 
B, binding protein is stimulated by PMA even in cells in which 
cytosolic Ca** has been buffered at 107° M. The secretion is 
very little affected by cytochalasin B and, surprisingly, is slightly 
larger than in the controls with a normal resting [Ca]. 
Similarly, PMA-induced secretion of 8-glucoronidase, in the. 
presence of cytochalasin B, is not affected by reducing [Cat]; 
to 10nM and is hardly above 10% of the total content after 
15 min, both at resting and at low [Ca?*], (not shown). However, 
when [Ca’*], is elevated above resting level with a dose of 
ionophore. which is: not. stimulatory per se, the release of B- 
glucuronidase induced by PMA reaches values as high ds 50% 
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Fig.2 Activation of oxygen consumption by PMA at low [Ca +]. 
Upper trace, [Ca?*], changes; lower trace, ©, consumption. The 
suspending medium was as for Fig. | except that CaCl, was omitted 
and EGTA was present. The loading was performed as usual, but 
in a medium without Ca’*, containing 1 mM EGTA, that is, 
[Ca?*},=10°°M. 208M PMA, 0.24:.M ionomycin and 2 mM 
CaCl, were added where indicated. Cell number, 2.5 10° mI". 
Quin2 content, 0.55 nmol per 10° cells, The small decrease of 
fluorescence on addition of 20 nM PMA, but not of 1 nM (see Fig. 
1),-is.due to: an autofluorescence artefact. As 5 nM [Ca?*],, fMet- 
Leu-Phe neither stimulates:O, consumption nor increases {Ca?*], 
; {not shown). 
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Fig.3 Dependence of O, consumption on the PMA concentration 
at three different [Ca**], @, Cells loaded with quin? in Ca?” 
medium, kept in the presence of Ca?* throughout the experiment 
and treated with 0.2 uM ionomycin 3 min before the addition of 
PMA ((Ca?*],=800nM). W, Cells loaded with quin2 in Ca** 
medium and stimulated with PMA in the same medium ((Ca?*], = 
100 nM). A, Cells loaded with quin2 in Ca?*-free medium +1 mM 
EGTA and stimulated with PMA in Ca?*-free medium + EGTA 
— ((Ca’*],=10nM). Cell number, 2.5x10°mI™’. Quin2 content, 
0.55 nmol per.10° cells. In this experiment, in contrast to Fig. 1, 
PMA 1M slightly stimulated O, consumption, probably due to 
7 minor differences among the various cell batches. 















































{see also ref. 10)..We stress that. the difference in release 
primary and secondary granules induced by PMA ‘is-onk 
quantitative and that massive release of primary granules is 
laboratory artefact, because it occurs only in the presence 
cytochalasin B. 

In contrast, secretion induced by the chemotactic peptide 
fMet-Leu-Phe is practically abolished when [Ca**}, is reduce 
to 10 nM. One might speculate that at low [Ca”*],, fMet-Leu- 
induces the formation of only part (diacylglycerol?) of ‘th 
effective signal which is rapidly inactivated. Only when there 

a simultaneous elevation of [Ca?*], is the metabolic respons 
fully expressed. On the other hand PMA, which is only slow 
metabolized!”, leads to a practically irreversible cell activati 
and does not require Ca?*, 

Two main conclusions can be drawn from these results: 

PMA- induced protein phosphorylation can occur independently 
of [Ca?*];; (2) PMA-dependent activation of O, consumptio 
and secretion may be modulated by cytosolic Ca’* concen 
tion, although it is possible to stimulate these responses -by 
increasing PMA concentration at any [Ca?*]. 

The identification of the intracellular target of PMA as prote 
kinase C in many cellular systems****, the stimulatory activi 
of OAG*""®, the modulation of PMA- or OAG-dependent activ 
tion by [Ca’*], (ref. 5) and the recent report by Helfman et 
of a Ca? *.phospholipid-dependent protein kinase activity in th 
membrane fraction of neutrophils, point to the involvement 
protein kinase C in the responses we have investigated. Th 
main question raised by our results is whether reactions occu 
ring at 107" M Ca?* or less can be considered Ca?* independen 

We know of no report of a Ca**-dependent reaction with a K 

for Ca** lower than 50-100.nM. We, however, observe maximu 

activation of exocytosis and NADPH. oxidase at 5410nN 

[Ca**],. The ability of PMA to stimulate these metaboli 

responses at less than 10 nM [Ca]; suggests that protein phos 

phorylation by protein kinase C does not simply increase ‘th 

Ca** sensitivity of Ca’*-dependent processes but itself trigger 

responses until now considered strictly Ca?* dependent. : 
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Photosynthetic organs of most higher plants normally have access 
to atmospheric CO, through stomatal pores which also serve as 
ariable valves to control the loss of H,O vapour which accom- 
‘panies CO, uptake'. The acquisition of stomata is commonly 
thought to have been a crucial development permitting ‘conquest’ 
“of land and direct access of plants to atmospheric CO,. Only in 
< desert stem succulents during drought do stomata remain so tightly 
closed in the light that the photosynthetic tissues are dependent 
“on internal CO, generated through the photosynthetic pathway 
known as crassulacean acid metabolism’. Functional stomata are 
absent in submerged aquatic plants and in non-vascular land plants 
(for example, mosses) which are normally covered by a water film. 
Although it is now clearly established that some aquatic plants 
assimilate large amounts of CO, from the sediment via roots’, 
“terrestrial plants are thought to assimilate only insignificant 
amounts of CO, via this path“. Here we report on a terrestrial 
plant, Stylites andicola, which lacks stomata and is unable to 
~ exchange gas with the aerial atmosphere. Rather, it derives nearly 
all of its photosynthetic carbon through its roots. In addition, this 
species possesses characteristics of crassulacean acid metabolism. 
= S andicola (Isoetaceae) is a rare fern ally found in small 
: populations in the high Andes of Peru’. We studied a small 
population in the vicinity of Lago de Junin (4,135 m) in Decem- 
ber 1982. There, as well as at other sites®, it forms dense colonies 
of hundreds of plants most commonly on hummocky ground 
elevated above the water level of the surrounding (seasonal) 
bog. The substrate is a highly decomposed peat (largely derived 
from Stylites) exceeding 1m depth and overlying limestone. 
interstitial groundwater pH was 6.4-6.6 and alkalinity ranged 
from 50 to 70 g m” CaCO. 

Stylites produces an evergreen rosette (2-3 cm across) of 
aves (2-4 cm long) arising from an elongated corm which may 
be branched (Fig. 1). These plants are embedded in the peat so 
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Table 1 '*CO, uptake by chlorophyllous portions of Stylites leaves 








CO, uptake by green leaves* 
(umol CO, per mg chlorophyll h”') 


'4CO, fed to leaves “CO, fed to roots 


Light (Moist) 0.74#0.14 (3) 39.75 +£6.14 (3) 
(Wet) 112+ 1.05 (2) 18.78 + 0.79 (2) 
Dark (Moist) 0,26 + 0.16 (2) 0.51 £0.07 (2) 
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Leaves and roots were isolated in separate chambers similar to those 
used in aquatic plant studies**. In all trials green portions of leaves 
were kept in air and roots in 25 mM NaH,PO,, 2 mM NaHCO, buffer 
At pH6.5, which approximated field carbon and pH conditions. 
‘NaHCO, (4.7 mCi amol™') was injected into either the root medium 
a small tray of HCI in the leaf chamber to produce a final activity 
{2pCiml”!, Plants were incubated for 2h at 25°C with 1,000 pein- 
eins m? 5”', Gentle stirring was applied in both the top and bottom 
of the.chamber. Tissues were killed in boiling 80% ethanol, ground in 
glass homogenizer, dried and resuspended in distilled H,O and coun- 
ted. Values are the mean-ts.d. (n= number of experiments). Before 
experiments, the plants had been maintained in either moist but drained 
eat or water-satutated peat at 13°C during the day and 7°C during 
the night on a 12-h photoperiod. 

* These tissues contained 1.0 + 0.2 mg chlorophyll per g fresh weight. 









































Fig. 1 Stylites andicola ; scale is a 12-cm ruler. 


that the bulk of the plant is underground; the only exposed 
surfaces are the upper-third chlorophyllous portion of the leaves 
which constitute a small part of the total biomass. Average plant 
dry weight =0.829g (s.d.=0.19, n=4): green portions of 
leaves = 6.6%, white portions = 18.0%, stems =44.0% and 
roots = 31.4%. 

Stylites leaves lack stomata and are covered with a thick 
continuous cuticle which is essentially impermeable to CO, and 
H,O vapour. Measurements with a dual isotope porometer’ (on 
plants maintained as described in Table 1) gave CO, conduct- 
ances (mms!) in the morning and afternoon of 0.001 (s.d. = 
0.001, n= 4) and 0.005 (s.d. = 0,007, n= 4), respectively. These 
conductances are nearly an order of magnitude lower than those 
observed for desert cacti with closed stomata’. 

When the photosynthetic tissues were exposed to “CO, in 
the light, negligible rates of '*C incorporation were observed 
(Table 1). However, when the root system was exposed to '“CO), 
up to 50 times the amount of C was incorporated in the 
photosynthetic tissues. In field conditions this difference could 
be even greater as, during transplanting, the original root systems 
died and were only partially recovered at the time of these 
experiments. The root/green tissue ratio for oven-dried plants 
from the field was 5.5+3.3 (1 =9), in contrast to a ratio of 
2.5+1.1 (n = 12) for the plants in Table 1. 

In natural conditions the chlorophyll-containing tissues of 
Stylites showed a nighttime increase and a daytime decrease in 
titratable acidity and malic acid content (Table 2), characteristic 
of crassulacean acid metabolism (CAM) which is common in 
aquatic species in the Isoetaceae’’. However, the amount of 
CO, recycled through CAM each night was only equivalent to 
~1h of photosynthesis when roots were exposed to “CO, 
Carbon isotope discrimination, often helpful in identifying 
photosynthetic pathways and CO, sources in CAM, does not 
help to evaluate these processes in this case. The 6'°C for green 
leaves (-25.7%) was similar to that of the peat (~26.64) and 
groundwater carbonate (—25.0%). These data are consistent with 
the assimilation of peat-derived CO, in a closed system, either 
through CAM or C, pathways of photosynthesis. The 
chlorophytlous tips of Stylites leaves. contain sufficient activities 
of ribulosebisphosphate. carboxylase (70-134 pmol per mg: 











Table 2° Titratable acidity (to pH 6.4) and malic acid content in green 
“portions of leaves of Stylites collected from moist sites and wet or 
“temporarily submerged conditions in December at the Junin site 





Acidity Malic acid content 

Site (wequiv. per g fresh weight) (pmol per g fresh weight) 
a.m. p.m. am. p-m. 
Moist 20+ 10 9+] 3446 1741 
Wet 3244 10+2 4147 2425 


For methods, see ref. 10 (n = 2). 


chlorophyll h~') to support the measured rates of CO, fixation 
(Table 1) and phosphoenalpyruvate carboxylase activity (24— 

: 34 umol per mg chlorophyll h™') was adequate to support obser- 

‘ved rates of acid accumulation. 

‘The path of carbon movement from roots to leaf tips in Stylites 
is unknown. The leaves are connected to the roots with a vascular 
trace? but nothing is known of the gas exchange characteristics 
of these tissues. The leaves and roots have abundant air spaces; 
the former have four large air canals and more than 25% of the 

cross-sectional area is air space. Chloroplasts are especially 

_ abundant in cells bordering these air spaces. Due to the collapse 

of cortical tissue early in development, the roots are relatively 
hollow; 75%: of the cross-sectional area is air space. The 
youngest roots are initiated at the top of the corm and extend 

_ through the corm to the middle of the rosette of leaves. However, 

older roots. may be separated from leaves by a centimetre or 

_more of spongy corm tissue. 

This study raises intriguing questions concerning the photo- 
synthetic physiology, as well as ecological and phylogenetic 
relationships of these primitive land plants. In the natural habi- 
tat, colonies of Stylites are interspersed amongst a dense array 
of other plants. Some degree of convergence is evident in the 
superficially similar rosette arrangement of photosynthetic parts 
¿of Stylites and associated species. However, in the major aspects 
‘discussed here, Stylites is unique; all the other rosette-forming 
species associated with Stylites possess stomata and finely 
divided-roots with a dense cortex. 

Whether the morphology and photosynthetic physiology of 
 Stylites represents an important link between aquatic plants and 
primitive land plants, or whether it is merely an interesting 
Variant, merits further careful assessment. Although cuticles of 
leaf-like structures which lack stomata are known from the 
Devonian/ Silurian, it is not always easy to find stomata even 
in well preserved fossils''. Organisms such as Stylites may rep- 
‘resent relics of many marginally successful compromises from 
which present day terrestrial photosynthetic systems were selec- 
¡tedi With their principal functional counterpart, the seasonally 
sealed stem succulents, Stylites share an ability to carry out 
CAM. Their capacity for CAM supports the notion that this 
pathway of photosynthetic carbon assimilation has long been 
part of the metabolic background of higher plants'*. Because 
Stylites lacks stomata and exhibits CAM, this unusual organism 
does not conform to the hypothesis that CAM may have evolved 
from stomatal guard cell metabolism’. 

This research was supported by grant DEB-8206887 (J.E.K.), 
and by J. Teeri (University of Chicago). L. Bates, 8. Keeley, C. 
Lopez, C. Osmond, I. Ting and D. Walker contributed to this 
project. 
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Lignocelluloses are a major source of carbon into ecosystems an 
represent the principal constituent of agricultural, forestry an 
municipal wastes. The large proportion of cellulose and hemicel-. 
lulose in these wastes leads to a high C:N ratio which often results 
in N limitation during decomposition. This could be overcome i 
the decomposer organisms combined both the cellulolytic (cel 
lulase) and N,~-fixing (nitrogenase) functions, With the exceptior 
of bacteria isolated from the specialized environment of marin 
shipworms'*, no organism possessing both cellulase an 
nitrogenase has yet been isolated from nature or genetically 
engineered. We now report the cooperative degradation of cellulose 
in which the fungus Trichoderma harzianum provides the cellulase 
function and an obligately anaerobic bacterium, Clostridiu 
butyricum, provides the nitrogenase function. These co-cultures- 
utilized cellulose as the sole carbon source for N, fixation, resultin: 
in a substantial increase in the rate of substrate decompositio 
compared with the fungus alone. The co-cultures developed: i 
apparently aerobic environments, demonstrating that aerobes.and 
anaerobes can co-exist, the aerobe presumably providing respira- 
tory protection to the anaerobe. 

Complex materials such as plant residues require a variety of 
enzymes for their complete degradation which in. natura 
environments is usually provided by mixed microbial com- 
munities. Communities with both cellulase and nitrogenase 
functions are often associated with the degradation of cellulosi 
residues which have a high C:N ratio. N, fixation has been: 
found associated with the decomposition of straw**, detritus. 
from salt marsh plants’ and wood*”, In these residues, restricted 
aeration seems to be a prerequisite for substantial N, fixation: 
whereas the total exclusion of O, inhibits N, fixation®'®. Isola- 
tions from a straw-decomposing N,-fixing system® reveal that: 
aerobic fungi represent the major cellulase producers and: 
anaerobic bacteria the major N, fixers. Restricted aeration in 
these systems is often achieved by waterlogging'’, N, fixation 
being maximal at the interface between the aerobic and. 
anaerobic environments”? 

Using co-cultures of the cellulolytic fungus T. harzianum and. 
the anaerobic N,-fixer C. butyricum, N gains, measured b 
elemental analysis and confirmed by acetylene reduction assays, 
of 18.5 pg ml , equivalent to 7.87 mg N fixed per g carbon lost, 
were achieved using cellulose as the sole carbon source (Table. 
1). Neither acetylene reduction nor N gains to the system were: 
found in pure cultures of T. harzianum or C. butyricum. ; 

The amount of substrate decomposed and the formation of 
cell protein were much greater in the co-culture than with fungus. 
growing alone. It seems likely that the increased decomposition. 
rate by the co-cultures is a consequence of the bacterium using. 
the end products of fungal cellulolysis, relieving any end product. 
inhibition of fungal cellulases. The fixation of N also helps to 
alleviate N deficiency, allowing greater microbial development, 
as demonstrated by the increase in cell protein concentration: 
The N, fixed in the mixed culture (18.5 pg N ml7!) is equivalent 
to lowering the C:N ratio to 71.9. Degradation of the substrate; 
by pure cultures of T. harzianum causes the C:N ratio to fall 
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Measured CGH, Weight Cell 
N gain reduced loss Final protein Acetate Butyrate Final 
Inoculant (ug mi!) (amolmi-') (mg mi~!) C:N (ug ml~’) (umol mi~’) pH 
a Clostridium butyricum 0 0 0 107.8 0 0 0 7.0 
b Trichoderma harzianum 0 0 3.40 76.0 106 0 0 6.4 
¢ Trichoderma harzianum + 
Clostridium butyricum 18.5 1.958 6.43 29.6 235 8.14 9.03 4.5 
P2#0.05 0.001 0.001 0.001 
bc Amo b,c a-c 





Organisms were grown in 100 ml (pH 7) mineral salts medium” contained in a conical flask (capacity 325 ml). (NH4)2SO, (0.1 g17') and yeast. 
‘extract (0.1 g 17?) were added as an initial N source and as a source of growth factors. Total carbon was determined using a Carlo Erba elemental 
nalyser model 1106. The initial C:N ratio of the complete medium was 231.8 before addition of the N source and 107.8 after its addition. Wet- 
ball-milled Whatman CF11 cellulose powder was the carbon source. Oxoid Bacteriological Agar (2g17') was added to prevent convectional 
movements in the medium and to keep cellulose in suspension in the static cultures. A spore inoculum of the fungus was inoculated into the | 
medium and shaken at 200 r.p.m. for 7 days before inoculation of the bacterium; subsequently, the flasks were not shaken. Acetylene reduction”. 
was measured every 48 h and integrated over the 20-day culture period. Acetate and butyrate were determined by gas chromatography'” and cell 
protein was determined colorimetrically using Coomassie brilliant blue’? with bovine serum albumin as standard. The cultures were freeze-dried 
‘to determine weight loss and the N content of the residue measured using an elemental analyser’. N gain was determined from the difference in 


total N content between the culture and uninoculated controls. 


from 107.8 to 76.0 solely as a result of C loss. The fall in C:N 
of the mixed culture is far greater, from 107.8 to 29.6. This fall 
is -a consequence of the increase in the total N content as a 
result of N, fixation and the stimulation in substrate decomposi- 
tion (C loss). Using ‘*N-labelled cells of C. butyricum, it has 
been demonstrated that bacterial N is available to T. harzianum. 
Thus, N, fixed by C. butyricum could be available for cellulase 
‘production and thereby stimulate substrate decomposition. 

Not only were rates of decomposition increased by co- 
‘cultures, but also the products which result from cellulolysis 
were different, as only in the mixed cultures were acetate, 

utyrate and vigorous gas production observed. 

Consistent with the findings of Jensen’? and Vartiovaara'*, 
we found that the addition of a small amount of N (0.1 mg mi~’ 
(NH, ), SO,) to the medium was required in order to establish 
‘good fungal growth before inoculation with the N>-fixer. 
“Without this added N, fungal development was poor and con- 











sequently growth and N, fixation by the bacterium were low. 
The added N does not suppress N, fixation because it is conver- 
ted into fungal biomass, removing its inhibitory effect on 
nitrogenase. 

These mixed cultures were grown in static conditions in aero- 
bic environments. The fungus permitted the growth of the. 
anaerobe in these conditions presumably by intercepting avail- 
able O,. Thus, not only does the fungus make the substrate 
available to the N, fixer, it also protects the anaerobe from O. 

In a second series of experiments, T. harzianum was replaced 
by an exogenous supply of the enzyme cellulase. In the absence 
of O,, growth and N, fixation took place, as indicated by butyrate 
production and acetylene reduction (Fig. 1). At enzyme con- 
centrations less than 2 x 1074 enzyme units (EU) ml7', growth 
and nitrogenase activity were dependent on the cellulase con- 
centration and were probably limited by the rate of cellulolysis. 
In the total absence of cellulase, C. butyricum was unable to 
utilize cellulose and neither cellulase nor yeast extract in the 
absence of cellulose support substantial growth or acetylene 


7 reduction. Thus, C. butyricum is dependent on the hydrolysis 
Pon as of cellulose by cellulase to produce the simple sugars (cellobiose 
and glucose) which it is capable of fermenting. 
1,000 f- are ans In nature, N, fixation is expensive in energetic (ATP) terms 
i Fi and in free-living bacteria is generally considered to be limited 
= a by available carbohydrate’. The present observations demon- 
= 7 74 E strate the potential of cellulosic compounds to satisfy that need: 
z z Indeed, we have already provided preliminary evidence that 
E 3 associative N, fixation can occur with straw as a substrate? and 
= 43 § have more recently isolated a range of organisms capable of 
2, i0 ° 3 forming such associations®. 
E F 3 Our ultimate objective is to exploit cellulolytic No-fixing 
E -2 S associations to produce novel composts for use in agriculture. 
§ Š and horticulture’ć, The use of such associations offers an alterna- 
D š 2 tive to the genetic manipulation of single species. 
3 41 8 We thank S. H. T. Harper and S, J. Chapman for helpful 
a comments. The work was supported in part by EEC contract: 
f vA RUW-033-UK. D.A.V. is an AFRC research student. 
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Cellulase activity (EU ml” +) 


‘Fig. 1 Acetylene reduction (@) and butyrate production (W) by 
<C butyricum and supplied with cellulase (BDH; ex Trichoderma 
viride) growing on a medium introducing cellulose as the sole 
carbon source. No activity occurred in the absence of cellulase. 
“Cultures: wére contained in static glass tubes (capacity 18 ml) 
, containing 5.ml of sloppy. cellulose agar as described in Table | 
À legend except that no{NH,),SO, was added. 
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or by cycloheximide treatment 


Reiko Makino, Kenshi Hayashi & Takashi Sugimura 


Biochemistry Division, National Cancer Center Research Institute, 
t-t- Tsukiji 5 chome, Chuo-ku, Tokyo 104, Japan 





Tn rats, partial hepatectomy induces reasonably synchronized DNA 
replication in the remaining liver after approximately 20 h’, Events 
occurring during the earlier Stages of liver regeneration are of 

interest because they may tell us how cells in vivo respond when 

they move from a differentiated resting state (Gy phase) to a 

proliferative state. We report here that the expression of the c-myc 

oncogene is increased up to.10~15-fold of the normal level within 

1-3 h after partial hepatectomy. This expression begins to decrease 

rapidly after 4h and has returned to less than double the normal 

level after 8h, at which time replicative DNA synthesis has still 

not begun. A still larger increase in c-myc transcription (~ 600- 

fold) is observed in the liver when protein synthesis is inhibited 

by an injection of cycloheximide. These findings suggest the 
existence of a short-lived: protein that is synthesized soon after 
partial hepatectomy, and which suppresses the expression of c-myc. 

Rats were killed at various times after partial hepatectomy* 
and total RNA was extracted from their regenerating liver. 

Figure 1 shows the results of Northern blot analysis’ of the 

RNA with the 3’-half fragment of v-myc’ as a probe. Essentially 

similar results were obtained when a cloned fragment containing 

exon I of the rat c-myc gene (manuscript in preparation) was 








Fig. 1 Levels of c-myc transcripts in the liver at various times 
after partial hepatectomy. Male Sprague-Dawley rats (200-250 g) 
were partially hepatectomized under ether anaesthesia following 
the method of Higgins and Anderson’. The rats were killed at the 
indicated times after the operation and total RNA was extracted 
from the liver by the guanidinium thiocyanate-hot phenol 
method'". The RNA (10g per lane) was separated on 1.2% 
agarose gel containing 6% HCHO,, blotted onto a nitrocellulose 
filter and hybridized to a nick-translated 3'-half Sall~ Pst! fragment 
of v-myc*. Each lane represents an RNA sample from one animal. 
After exposure, the probe was removed and the RNA was rehybrid- 
ized’ to **P-labelled v-ras and mouse rDNA sequences. These 
probes were insert fragments of plasmids BS9 (ref. 19) and p6.6 
“(ref. 20), respectively. The size of the c-myc transcript was estimated 
<i + from. the position of its band relative to that of rRNA. 












used as a probe. As shown in Fig. 1, the amount of the 2 
kilobase transcript of c-myc had already increased 30 min after 
the operation; it reached a maximum at !-3h and the 
decreased, The bands were traced with a densitometer and 
quantitated from their peak areas. Figure 2 compares these 
values with those of normal liver, together with the time course 
of incorporation of *H-thymidine into the acid-insoluble fraction 
of the liver, when injected intraperitoneally 1h before death 
At 30 min, the amount of c-myc transcript was 10-fold that in. 
control liver, increased to a maximum of 10—15-fold at 1 h and 
decreased after 4 h. The decrease was rapid and c- myc transcripts: 
had returned to approximately no: :aal levels after 8 h, although | 
DNA synthesis had not begun to increase. : 

Fausto and Shank’ reported that c-myc expression was 
increased three- to five-fold at 12-18 h after partial hepatectomy 
In our results over the same period, levels of c-myc expression 
were also high, although they were never more than double that. 
in normal liver. Examination of c-myc expression at earlier. 
stages of the regeneration revealed a conspicuous peak soon. 
after partial hepatectomy, whereas the previous report did no 
determine c-myc expression at that time. We also examined the’ 
expression of the Harvey ras gene (c-ras™) during liver regener- 
ation using the same filters as for analysis of c-myc expression 
In accordance with earlier reports*”’, we observed an increase 
in c-ras™ expression, but this became evident after 8h, and 
peaked at a level two to three times that in normal liver, at about 
30 h after partial hepatectomy. (data not shown). 

In vitro stimulation of B lymphocytes, T lymphocytes or 
cultured fibroblasts with their respective specific mitogens: is 
known to induce an immediate increase in the expression öf 
c-myc". This increase is temporary, and the expression returns 
to the uninduced level by the time DNA replication starts. It 
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Fig. 2 Relationship between the appearance of c-myc transcript: 
and DNA synthesis in regenerating liver. The X-ray film shown in 
Fig. | and the autoradiogram of rRNA of the same filter were 
scanned with a densitometer. The amount of c-myc transcript in 
each sample relative to that of 28S rRNA of the same lane was 
determined and expressed relative to the value for control liver; 
The RNA to DNA ratio did not change appreciably (data not 
shown) during the first 19h of liver regeneration. Because rRNA 
represents the majority of the total RNA, the relative amount of 
c-myc mRNA per DNA and therefore per cell in each sample, can ` 
be approximated by the relative ratio of c-myc transcript to 288 
tRNA. DNA synthesis was measured as follows, Rats were injected 
intraperitoneally with *H-thymidine (TAR) at 100 pCi per rat Lh 
before death. Their livers were homogenized in 20-fold excess of © 
the PK buffer described by Favaloro et al.?'. 100 pl of the homogen- 
ates were spotted onto a glass fibre filter and their acid-insoluble: 
radioactivities were counted. The points shown are the average of. 

duplicates with the ranges indicated. 
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has also been shown that c-myc induction is not blocked by 
inhibition of protein synthesis but is instead enhanced in 
itogen-stimulated cells in vitro. 

The present findings show that the same is true for an in vivo 
system in which differentiated resting cells are stimulated to 
proliferate. We examined the effect of inhibition of protein 
synthesis on the expression of c-myc in regenerating liver under 
the protocol indicated in Fig. 3c. As shown in Fig. 3a, we 
observed a 100-fold increase in c-myc transcription in samples 
from rats treated with cycloheximide | h before partial hepatec- 
tomy and killed 2h after the operation (CH). The amount of 
c-ras" transcript was not significantly changed by cycloheximide 
eatment (Fig. 36). Therefore, the increase in the amount of 
yc transcript observed in cycloheximide-treated liver is likely 
obe the result of enhanced synthesis rather than of stabilization 
of mRNA in general’. However, other possibilities such as 
specific stabilization of c-myc mRNA cannot be excluded. Inter- 
estingly, a similar increase has also been found in a sample from 
a rat without partial hepatectomy treated 3h previously with 
eycloheximide (C). This effect of cycloheximide alone was pro- 
longed and was even increased by about 600-fold 6h after 
treatment with and without partial hepatectomy (HCC and CC, 
see Fig. 3 legend for calculation). Thus, the mode of induction 
of c-myc by cycloheximide seems to be different from that in 
regenerating liver, where the induction is temporary and the 
extent of induction is increased up to 10-15-fold. Enhanced 
duction by cycloheximide was also observed when treatment 
as preceded by partial hepatectomy (HCC). Hence, inhibition 
f protein synthesis seems to block the switch-off of c-myc 
transcription observed at 4h or later after partial hepatectomy. 
. As shown here and in an earlier report”, c-myc transcription 
is increased immediately after the cells have been stimulated to 
proliferate, but this expression of c-myc stops soon after it has 
ched a maximum. Because inhibition of protein synthesis 
nhances the induction of c-myc, it seems likely that c-myc is 
pressed by a short-lived protein that becomes abundant soon 
ter the onset of the proliferative process. 

Based on observations in Burkitt’s lymphoma cells (in which 
-myc genes were translocated to immunoglobulin gene loci), 
Leder et al.” have elaborated several possible models concerning 
the regulatory mechanisms of the c-myc gene. Among these, the 
utoregulatory model is the simplest, yet it is consistent with 
the facts that c-myc is expressed transiently following inductive 
imulation and that its mRNA is induced by the inhibition of 
rotein synthesis. In Escherichia coli, analogous autoregulatory 
echanisms have been described for a stress protein, dnaK, and 
‘ora repressor protein in the SOS function, lexA, which becomes 
extensively but transiently expressed after inductive stimuli ™'?, 
The induction following the proliferative signal can be explained 
y supposing that the signal activates a process, such as modifi- 
tion of c-myc protein, thereby abolishing its repressor activity. 
pression of c-myc at a low but distinct level in various tissues’? 
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Fig. 3 Effects of cycloheximide on c-myc transcription. Rats were either treated with cycloheximide”? 

“partially hepatectomized, or both, according to the protocols shown in ¢ Then c-myc (a) or c-ras” 

analysed as described in Fig. 1 legend. c, Protocol of treatments. Arrows labelled C, H and S denote times of cycloheximide treatment, partial 

hepatectomy and death, respectively. The relative level of c-myc transcript was quantitated on X-ray films of various exposure times. The 

levels in HCC and CC were found to be 60 times that in H2 (killed 2h after partial hepatectomy), which was elevated to 10 times that in 
normal liver. Therefore, in HCC and CC, c-myc transcription was increased 600-fold over the level in normal liver. 
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is also consistent with autoregulation. Another possibility is that 
c-myc expression is repressed by some other ‘early gene’ prod- 
ucts'*, Such gene products are expressed transiently at an early 
stage in mitogen-stimulated fibroblasts and the levels of their 
mRNA are enhanced by inhibition of protein synthesis. 

We have found previously that in all chemically induced 
primary hepatomas examined, the level of c-myc transcript was 
three to five times that in normal liver or normal liver tissue 
adjacent to the tumour’. Altered regulation of c-myc in some 
B-cell lymphomas and in other cancer cells as a result of translo- 
cation, viral enhancer insertion or gene amplification are well - 
established phenomena’*'*. Recently, Campisi et al.” observed 
that in non-transformed A31 mouse fibroblast cells, c-myc could 
be induced by growth stimulation, but that it was constitutive 
in two chemically transformed derivatives of A31. These facts 
strongly suggest that altered regulation, and perhaps abnormal 
increase in the expression of c-myc, might prevent the cells from 
entering the G, phase and thus lead to their infinite growth. 
Further studies on the regulation of c-myc expression may 
increase our understanding of the processes involved in the 
development of cancer. 
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The mammalian cardiac atrium has recently been shown to contain 
numerous peptides that exert marked effects on kidney function 
and vascular resistance’ °. With one exception, the peptides have 
potent natriuretic and diuretic activities, and sequence similarities 
Suggest that they may be derived from a common atrial natriuretic 
factor (ANF) precursor'*"'*. The exception, cardiodilatin (CDD), 
differs from the ANF peptides in possessing potent vasorelaxant 
activity, but not natriuretic and diuretic activities’. Here we report 
the cloning and sequence analysis of the cDNA for the human 
precursor protein (preproCDD-ANF) containing both the CDD 
and ANF sequences. The CDD sequence represents the N-terminal 
sequence preceded directly by a signal peptide, while the ANF 
sequence is present at the C-terminal end of the protein. Using 
hybridization analysis, we further show that the amount of rat 
preproCDD-ANF mRNA, which is synthesized selectively in the 
atria but not the ventricles, markedly decreases on water depriva- 
tion, suggesting that the water~electrolyte balance may be an 
important factor in the regulation of the expression of the pre- 
proCDD-ANF gene. 




























cDNA clones specific for human preproCDD-~ANF were 
isolated from a human atrial cDNA library by hybridization 
with an oligodeoxyribonucleotide mixture representing the 
cDNA sequences predicted from the pentapeptide sequence 
Met-Asp-Arg-Ile-Gly of human ANF” (see Fig. 1 legend for 
experimental details of cloning). Clone phAF48, which carried 
a large cDNA insert, was subjected to nucleotide sequence 
analysis according to the strategy indicated in Fig. la. The 
primary structure of the: mRNA coding for human preproCDD-— 
ANF was deduced from the 845-nucleotide sequence of the 
cDNA insert (Fig. 1b). The sequence of nucleotide residues 
370-453 corresponded precisely to the 28-amino acid peptide 
of human ANF, named a-human atrial natriuretic polypeptide: 
(a-hANP)'*. Furthermore, the sequence (amino acids 79-123) 
preceding a-hANP is highly homologous to the N-terminal. 
sequence reported for the intermediate form of the 73 amino 
acid residues of rat ANF"; only 5 of the 45 amino acid residues 
preceding a-hANP (positions 88, 90, 104, 120 and 121) are 
different from the rat sequence. a-hANP is followed by the: 
translation termination codon UGA and the 3’-untranslate 
region of the mRNA is 293 nucleotides long (excluding the 
poly(A) tract). The sequence AAUAAA commonly found near. 
the 3' end of the eukaryotic mRNAs’ is present 17 nucleotides 
upstream from the poly(A) tract. 

The N-terminal sequence from residue 26 to residue 55 is 
remarkably homologous to the 30-amino acid sequence reported. 
for the N-terminal portion of porcine CDD’, only 4 of the:30. 
amino acid residues: (positions 28, 30, 31 and 49) differing 
between the two sequences. We conclude, therefore, that the: 
CDD and ANF peptides are produced from a common pre- 
cursor. È 

The translational initiation site was assigned to the first 
methionine codon AUG (nucleotide residues 1-3) in the 
deduced mRNA sequence because the size of the specific cDNA: 
transcript formed by reverse transcriptase-mediated elongation: 
of the SacI(8)-~Rsal(85) fragment derived from the 5’-termina 
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` ¥éctor-primer DNA. Escherichia coli DH1 was transformed and ampicillin-resistant clones were selected”. Approximately 40,000 transformants 
| were screened by hybridization” at 37 °C with the 5’-°?P-labelled synthetic oligodeoxyribonucleotide probe, and about 100 hybridization-positive 
< clones were identified. Twelve of them were analysed with several restriction endonucleases and at least 9 of the 12 shared several common: 
we restriction cleavage sites. Clone phAF48, which carried the largest cDNA insert of the nine, was subjected to nucleotide sequence analysis 



































CAA GUG CUC AGU GAG CCG AAU GAA GAA GCG GGG GCU GCU CUC AGC CCC CUC COU GAG GUG CCU CCC UGG ACC GGG GAA GUC AGE CCA GCE 


Gin Arg'Asp Gly Gly Ala Leu Gly Arg Gly Pro Trp Asp Ser Ser Asp Arg Ser Ala Leu LeusLys Ser hys Leu Arg Ala Leu Leu Thr 


Ala Pro Arg 3er Leu Arg Arg Ser Ser Cys Phe Gly Gly Arg Met Asp Arg Ile Gly Ala Gin Ser Gly Leu Gly Cys Asn Ser Phe Arg 
GCC CCU CGG AGC CUG CGG AGA UCC AGC UGC UC GGG GGC AGG AUG GAC AGG AUU GGA GCC CAG AGC GGA CUG GGC UGU AAC AGC BUC COG 


Tyr 

UAC UGA AGAUAACAGCCAGGGAGGAC AAGCAGGGCUGRGE CUAGGGACAGACUGLAAGAGGCUCCUGUCL CCUGEGGUCUCIGCUBCAULIUGUBUCAUCUUGUUGCCAUGGAGUUGY 
GAUCAUCCCAULUAAGCUGCAGCUUCCUGLCAACACUUCUCAL AUCUUAUGCU AAC UGUAGAUAAAGUGGUUUGAUGGUGACUUCCUCGCCUCUCCCACCCCAUGCAUUAAAUIUAAG 86 
GUAGAACCUCAC CUGUUACUGAAAGUGGUUUGAAAGUGAAUAAACLUCAGCACCAUGGAC--3° 


Fig. 1 Strategy of sequencing the cDNA insert in clone phAF48 (a) and primary structure of human preproCDD-ANF mRNA (b). In a, 
the restriction map displays only relevant restriction endonuclease sites, which are identified by numbers indicating the 5’-terminal nucleotide 
generated by cleavage; for the nucleotide numbers, see b. C], Sequence corresponding to coding region. The fragment used for priming the 
reverse transcription is indicated by the bar directly beneath the restriction map and the wavy line represents the primer-extended cDNA. The 
direction and extent of sequence determinations are shown by horizontal arrows; the sites of 5’-end-labelling are indicated by short vertical 
lines at the ends of arrows, The slash mark at the end of an arrow means that the site of 5'-end-labelling was located on the vector DNA. In 
b, nucleotide residues are numbered in the 5' to 3’ direction, beginning with the first residue of the AUG triplet encoding the initiating 
methionine, and the nucleotides on the 5’ side of residue 1 are indicated by negative numbers. The predicted amino acid sequence of 
preproCDD-ANF is displayed above the nucleotide sequence, and its amino acid residues are numbered beginning with the initiating 
methionine. Possible cleavage sites of the signal peptide and CDD and the cleavage site of a-hANP are indicated by arrows. 
Methods: A mixture of 36 oligodeoxyribonucleotides, 5’-CCTATYCTRTCCAT-3' and 5'-CCRATNCGRTCCAT-3' (R= G or A, Y=CorTand © 
N =A, G, C or T) was used as a hybridization probe to screen cDNA clones for preproCcDD-ANF., The mixture represents the sequences 
complementary to all possible coding sequences for a portion of the known amino acid sequence of human ANF, Met-Asp-Arg-Ile-Gly (ref, 12, 
excluding the third nucleotide residue of the glycine codon). The oligodeoxyribonucleotides were synthesized by the modified triester methods“. 
Total RNA was extracted from a human atrium” and poly(A) RNA was isolated by subjecting the total RNA extracted to oligo(dT)—cellulose 
chromatography”. A cDNA library was constructed by the method of Okayama and Berg’, using 30 wg of poly(A) RNA and 5.6 pg of the 
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according to the strategy indicated. DNA sequencing was carried out by the procedure of Maxam and Gilbert”. 
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Fig. 2 Identification of the 5' terminus of human prepro DD- 
ANF mRNA by primer extension (a) and blot-hybridization analy- 
sis of human and rat cardiac RNAs (b). An autoradiogram of a 
a: is shown: lane 1, primer extension with yeast tRNA; lane 2, primer 
extension with human atrial poly(A) RNA. The sizes of the primer 
“(82 nucleotides) and the primer-extended cDNA (~190 nucleo- 
tides) are shown on the right side of the autoradiogram. Note that 
-the latter size is very similar to that of the cloned cDNA sequence 
between the 5‘ end of the primer DNA and the 3° end of the 
antimessage strand of the cDNA sequence (184 nucleotides, see 
Fig. 1). An autoradiogram of b is shown: lane 1, human atrial 
RNA; lane 2, rat left atrial RNA; lane 3, rat right atrial RNA; 
lane 4, rat left ventricular RNA; lane 5, rat right ventricular RNA. 
‘The size markers used in a and b are the 5’-end-labelled Hinfl 
cleavage products of pBR322 DNA and the 5'-end-labelled Haelll 
eleavage products of PX174DNA respectively. 
Methods: For a, the ~240-base pair (bp) Rsal fragment containing 
the 5’-sequence of the cDNA insert and its flanking plasmid DNA 
was isolated and labelled with “P at the 5’ end. The labelled 
fragment was cleaved by Saci, and the Sacl-Rsal fragment 
<o (residuės 8-85) was isolated and used as a primer; note that the 
size of the primer strand is 82 nucleotides long (see Fig. 1). The 
“oprimer DNA was denatured in a solution containing 80% for- 
-omamide, 40 mM PIPES pH 6.4, 0.4M NaCl and | mM EDTA at 
75 °C for 10 min and then hybridized to human atrial poly(A) RNA 
“(5 pg) in the same solution at 42 °C for 3 h. The RNA-DNA hybrid 
was precipitated by ethanol and subjected to reverse transcriptase 
feaction®'. For b, the rat heart was dissected into four parts (the 
© Jeft and the right atrium and the left and the right ventricle) and 
each part was pooled from 20 rats. Total RNA was extracted’? 
‘and 20 pg of rat RNA isolated from each part and 5 pg of human 
total atrial RNA were denatured with I M glyoxal and 50% 
dimethyl sulphoxide”, electrophoresed on 2.0% agarose gel and 
„transferred to diazophenylthioester- -cellulose paper”. The 581-bp 
Sact—Pst] fragment (residues 8-588) was used as a probe; the 
probe was labelled by nick-translation™ with [a-“*P]dCTP. 











region of the clone phAF48 indicates that the cloned cDNA 
sequence covers almost the full length of the mRNA sequence 
(Fig. 2a). The first 25 amino acid residues, starting with the 
initiator methionine and preceding the CDD sequence, include 
alarge number of hydrophobic amino acids, including sequences 

f four and two consecutive leucine residues, and end with an 
amino. acid that has a small neutral side chain, alanine. This 
structure probably represents a signal peptide similar to that 
found in other secretory proteins'®!”. 

-Human preproCDD-ANF is schematically illustrated in Fig. 
3 Human -preproCDD-ANF consists of 151 amino acids, 
inchiding a putative signal peptide of 25 amino acids, and has 
a calculated molecular weight of 16,395. The two biologically 

gnificant atrial peptides, CDD and ANF, are contained at the 

-terminal and C-terminal. regions of the prohormone. respec- 








_of the hybridization analysis. Both human and rat atrial RNA 
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Fig. 3 Schematic representation of the structure of human pre- 
proCDD-ANF., The sequences of CDD and. a-hANP are indicated 
by the shaded and solid boxes, respectively, and the putative signal 
peptide by the stippled box; the C-termini of CDD and the signal 
peptide are not definite. Amino acid numbers are given above the 
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Fig. 4 Effect of water deprivation on the level of rat atrial pre- 
proCDD-ANF mRNA. Rats with free access to water (©) and 
those at 2 days (x) and 4 days (@) after water deprivation. 

Methods: Total atrial RNA was extracted from each group of six 
experimental rats and the indicated amounts of RNAs were ana- 
lysed by the blot-hybridization technique described in Fig. 2legend. 
After autoradiography, the portion corresponding to a hybridiz- 
ation band in the diazopheny!thioester-cellulose paper was cut and 

its radioactivity was counted in a toluene scintillator solution. 


tively. A single arginine residue precedes a-hANP; it presum- 
ably serves as a proteolytic processing signal, as is observed in 
some other peptide hormone precursors'*'°. Similarly, the. 
arginine residue at position 92 could be used as a proteolytic 
cleavage site for the formation of human CDD; this would. give: 
a CDD peptide with a molecular weight (7,368) similar to that’ 
of porcine CDD (7,500, ref. 9). a 
It has previously been shown that the number of atrial seere- 
tory granules containing the ANF peptides varies with changes 
in water—electrolyte balance”’, although neither the site of syni- 
thesis of the ANF and CDD peptides nor the regulation of their 
synthesis is well understood. We therefore investigated the distri- 
bution and expression of rat preproCDD-ANF mRNA by the 
blot-hybridization technique; Fig. 2b shows the autoradiogram, 








‘showed’ a single hybridization band with a similar mobility, 
_otresponding to a size of 950 nucleotides. This band was 
observed with RNAs isolated from the left and right atria but 
not with those from the left and right ventricles. No hybridiz- 
ation-positive band was detected with RNAs obtained from the 
rat brain, liver or kidney (data not shown). Thus, we conclude 

„that preproCDD-ANF mRNA is selectively synthesized in the 
atrium. The abundance of preproCDD-ANF mRNA in the 
atrium is noteworthy: although not quantified precisely, it was 
estimated to be between 0.5% and 1.0% (based ona comparison 
of the relative hybridization signal of the RNA with that of a 
known amount of the cDNA fragments run parallel with the 
RNA on the electrophoresis gel). 

In the experiment shown in Fig. 4, rats were deprived of water 
for 2 and 4 days and the effect of water deprivation on the level 
of atrial preproCDD-ANF mRNA was examined by blot- 
hybridization analysis. The radioactivity measured in the 
hybridization band showed a linear relationship with the amount 
of RNA applied to the electrophoresis gel, thus enabling the 
analysis to be performed quantitatively. Atrial preproCDD- 
ANF mRNA decreased on water deprivation, and the levels of 
the mRNA in the rats at 2 and 4 days after water deprivation 
were about two and three times lower than that in the control 
tats respectively (Fig. 4). The amount of total atrial RNA extrac- 

-ted was not significantly changed after 2 days’ water deprivation 
“but. was reduced to about two-thirds of that of the control 
“fats after 4 days’ water deprivation. Thus, the level of atrial 
‘preproCDD~ANF mRNA is specifically reduced in the early 
stage of water deprivation, and after further water deprivation, 
both this level and the total amount of preproCDD~ANF mRNA 
are markedly lowered. 

The results presented here indicate that a major mRNA 
species in the cardiac atrium encodes the common precursor 
for CDD and ANF, which may have multi-functional roles in 
the regulation of extracellular fluid volume and blood pres- 
sure. Furthermore, the marked reduction of the amount of 
preproCDD-ANF mRNA on water deprivation suggests that 
the water~electrolyte balance plays an important part in the 
regulation of the preproCDD-ANF gene expression. Further 
investigations concerning the expression of the preproCcDD-~ 
ANF gene would thus be fruitful for understanding the 
molecular basis of not only the physiological maintenance of 
but also pathological digturbances of water—electrolyte balance 
and blood pressure. 

Since the submission of this manuscript, three groups?!” 
have published the nucleotide sequences of the cloned cDNAs 
for rat and human preproCDD-ANF. The nucleotide sequences 
for human preproCDD-ANF reported by Oikawa et al.” and 
by our group agree with each other, except for slight differences 
in the lengths of the extreme 5' and 3’ regions. 
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Substantial DNA methylation occurs in higher eukaryotes and in 
some cases affects gene expression (for reviews see refs 1-4). 
However, the genomes of some fungi^®, Drosophila’ and other 
lower eukaryotes*” have an extremely low 5-methylcytosine con. 
tent, suggesting*” that DNA methylation might not have a general 
role in gene control. We have now found heavy methylation. of 
transforming DNA which has become stably amplified in complex 
tandem arrays in the fungus Neurospora crassa. Rearranged. 
amplified arrays of this type have not previously been found-in 
fungi, but resemble those of animal systems'*'*, Our results 
demonstrate that this lower eukaryote normally maintains onl 
very low levels of 5-methylcytosine in its genome, but possesses a 
mechanism for substantial methylation of DNA de novo. This 
heavy methylation, which lacks the preference for CG sequences 
found in higher eukaryotes’, does not apparently affect gene 
expression and might be involved in a recombination or repai 
process for which the amplified DNA is a target. 

The transformation system used was unusual because the 
donor DNA (plasmids pBC10 and pEB10, Fig. 1) had no 
sequences in common with the recipient genome, but contained. 
a selectable N. crassa gene, the cloned am gene encoding. 
NADP-specific glutamate dehydrogenase”, which is commonly 
used in transformation experiments for N. crassa (refs 18, 19 
and J.H.B. and J.C.W., unpublished). The am'** recipient has 
a long deletion that completely removes the am coding and. 
flanking sequences (Fig. 1). Transformants of stable phenotype 
(am* and resistant to high levels of antibiotic G418) wer 
obtained by a two-stage selection procedure (see Fig. 2 legend 
for methods and frequencies). Southern blots (Figs 2, 3) probed: 
with the donor DNA clearly showed multiple copies of th 
donor DNA in all nine transformants tested, thus contrasting 
with the single-copy transformants obtained with other N. crassa 
vectors (refs 18-22 and J.H.B. and J.C.W., unpublished). Copy 
numbers were stable and ranged from 4 to ~25, with the majority: 
of transformants in the range 10-20 (Fig. 2). a 

The multiple copies of the donor DNA in these transformants 
are present in tandem arrays consisting of donor DNA that has: 
undergone a complex set of rearrangements and partial dele 
tions, shown by the many hybridizing fragments of different’ 
sizes given by all transformants tested in HindIII and Ahalll: 
digests (Figs 2, 3). The large size of hybridizing smears (Fig. 3) 
shows that segments of minimum length ~30-50 kilobases (kb): 
consist completely of DNA derived from the donor plasmids 
(original length ~7 kb, Fig. 1) and are not interspersed 


































Fig: 1 © Restriction maps of the am 


“terial transposon Tn903, which is 
“expressed, conferring resistance to 
: antibiotic G418, in yeast”? but which 
has not previously been reported to 
be expressed in N. crassa, The con- 
struction and properties of these vec- 
tors will be described elsewhere 
2 (HB. N.H. Grimsley, J.C.W. and 
B. Hohn, in preparation). Black bars 
show the extent of the am gene (the 
two short introns are in white; tran- 
scription is left to right). The 9-kb 
region shown, of which the 2.7-kb 
BamHI fragment containing the am = ____7500 bp M 
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crassa DNA (single lines; bacterial amp or kano? GOS 
vector sequences are shown as Jú 
double lines) are above the corre- amaa A { }---- 
. sponding part of the map of the wild- os 
type N. crassa genomic DNA. H B e B 7 Bi 
kan°™, the aminoglycoside phos- wild type tt ae _ 
-photransferase-3'(1) gene of bac- ‘(cn 
am 


y 
t tf 3933bp l 1013 bp ! aarc 
sites 
B16 bp tt of t off l t t CCGG 
ad sites 
































gene has been sequenced!’, is the 
Hindi insert originally cloned in a phage A vector". The am?” 


ites. Detailed mapping of these arrays will be reported else- 
where, as will meiotic analysis of the integration sites and the 
tow fertility and ‘barren’ phenotype” of these transformants in 
crosses (J.H.B., J.C.W., Z. Nicola and B. Hohn, in preparation). 
“Glutamate dehydrogenase assays showed that the level of 
Xpression of the N. crassa am gene in these transformants is 
“surprisingly low, 5-20% of the normal enzyme levels of the 
wild-type strain, in spite of the multiple copies. Similar low 
levels of expression have previously been found in single-copy 
am gene transformants in cases in which integration was not at 
é normal am locus on linkage group V (refs 18, 19 and J.H.B. 
nd J.C.W., unpublished). 
The amplified transforming DNA is heavily methylated in 
“most copies, as shown by Southern blots of transformant DNAs 
_ digested with the isoschizomer pairs Sau3A—Mbol and HpaI- 
Msp! (Fig: 4). Although a minor fraction of the transforming 
DNA was unmethylated, giving the small fragments (<1,500 
base pairs (bp), Fig. 4) expected from the known sequences of 
he donor DNA, the major fraction of the amplified DNA was 
aved to large fragments (7-20 kb, Fig. 4) by the methylation- 
ensitive enzymes. Therefore, long segments of the amplified 
NA, which include both bacterial and N. crassa am sequences, 
tained- only 5- methylated cytosine in the many GATC and 
“CCGG sites tested (also in CTGCAG sites, from PstI digests 
ot shown). The minor unmethylated fraction might represent 
lor part of some arrays, possibly occurring in different nuclei 
rom arrays that are almost completely methylated, thus resem- 
ng fompartments of methylation found in some inverte- 
tes** and chicken” 
DNA of the wild-type strain of N. crassa contains only a very 
mall amount of 5-methylcytosine, and ethidium bromide- 
ined gels. (Fig. 4, lanes 9-12) showed indistinguishable distri- 
‘butions of fragment sizes between isoschizomers (except for 
some possibly significant uncleaved ribosomal RNA gene bands 
n the Sau3A digest: Fig. 4, lane 9). This was the case for the 
id-type strain, the am'** recipient and all the transformants 
; sted. Therefore, only the amplified DNA in these transform- 
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heavily methylated; an the rest-of the genome, at most Je 


recipient has a deletion of at least 7 kb of linkage group V (shown above 
the wild-type map; the dashed line indicates that the left-hand limit is uncertain). pEB10 and pBC10 probes gave no detectable hybridization 
to blots of digested am'** DNA (Fig. 2, lane 10, Fig. 3, lane 9). Restriction sites: B, BamHI; E, EcoRI; A, Ahalll, A(2), two very close 
: Ahalll sites; H, HindIl1. The enlarged region below the wild-type sequence shows the Sau3A-Mbol (GATC) sites and MspI-~Hpall (CCGG) 
“sites predicted from the DNA sequence (upward-pointing arrows), and the sizes of the fragments detectable on Southern blots following cleavage 
with these enzymes. Y, The GATC site partially resistant to Sau3A cleavage (Fig. 4, lanes 13, 14) in wild-type DNA. 


only a very low level of 5-methylcytosine is maintained, as in 
the normal wild-type genome. A 1,404-bp fragment (Fig. 4, lane 
13) is present in addition to the products of complete digestion, 
providing evidence for a minor amount of methylation at one: - 
Sau3A-Mbo! site in the normal am gene of the wild type 
(indicated in Fig. 1). This is a GATCG site, which therefore 
meets the symmetry requirements (for CG or CNG) arising from 
the action of maintenance methylase mechanism on hemimethyl- 
ated DNA, as proposed for higher eukaryotes'*. In contrast, 
there is little sequence specificity in the heavy methylation of 
the amplified arrays, shown by the unbiased occurrence of all 
four nucleotides adjacent to the GATC sites in the N. crassa 
am DNA probed (sites deduced from the known sequence are 
shown in Fig. 1) and in flanking bacterial DNA of known 
sequence. Also, this DNA was almost equally resistant to 
cleavage by MspI and Hpall (Fig. 4), indicating a great majority — 
of doubly methylated (mCmCGG) rather than singly methylated .. 
sites. 

Clearly, the initial methylation in N. crassa of the donor 
transforming DNA, which was purified from Escherichia coli, 
was de novo, and the proportion of methylated arrays continued 
to increase during vegetative growth (Fig. 4, lanes 17-22 show 
results from mycelial samples at different times). Growth in the 
presence of 300 uM 5-azacytidine completely prevented this 
methylation (Fig. 4, lanes 15, 16), but had no significant effect 
on the level of expression of the N. crassa am genes present in 
the amplified DNA, as measured by glutamate dehydrogenase’. 
assays. This suggests that the heavy de nove methylation is note 
involved in the control of gene expression, but rather must reflect: : 
the presence in N. crassa of a mechanism distinct from a 
conventional maintenance methylase. We suggest that the 
irregular sequence repeats of the amplified DNA are likely to. 
be hotspots for the action of recombination processes and repair 
synthesis, one step of which might involve methylation of 
cytosine de novo. ‘Repair methylation’ has been observed in 
mammalian cells following DNA damage*® or S-phase arrest”, 
and involves methylation specifically of cytosine inserted into; 
DNA strands by repair synthesis. An association of methylation: 





camight either have incorporated some calf thymus carrier DNA into an array or have two relatively small arrays flanked by recipient DNA, 








Fig. 2 Multi-copy DNA in transformants of N. crassa. Digested ` kb 12 3 456789101 


- DNA samples were from the following strains (lane numbers in 231 
parentheses): wild-type N. crassa STA4 (1); untransformed am! 94 
recipient (10); transformants E222 (3); BC3 (2); E223 (5, 8); E224 ; 
(4, 7); ECT845 (6); EBBA7 (9); EB841 (11). The code letters of 67 
the transformants denote the donor DNA: E, EB or ECT for 
pEBI0, BC for pBC10. Restriction enzymes used were (lane num- 44 


bers in parentheses): Ahalll (1-5); HindHI (6-11). Vertical bars 
show the positions and sizes of phage A DNA HindIII fragments 
run as markers on the same gels. 
Methods: Transformation of sphaeroplasts of recipient strain am"? 
inl?! (ref. 33) was carried out essentially as described in ref. 34, 
using in each experiment ~10* conidia in 0.4 ml transformation 
buffer mixed with 20 ug of donor cosmid DNA and, in some 
experiments, 20 wg of carrier DNA (either calf thymus DNA or 
total cellular DNA prepared from the am'** strain; carrier DNA 
did not significantly affect the transformation frequency and was 
omitted in later experiments), After 30 min incubation on ice and 
30-45 min incubation at 22 °C (polyethylene glycol additions were 
as in ref. 34), 10-fold dilutions of treated spheroplasts were plated 
in an overlay of Vogel’s minimal medium” containing 1 M sorbitol, 1.5% w/v L-sorbose, 0.05% w/v of each of D-glucose and v-fructose 
and 3% w/v agar™, supplemented with 20 mM glycine (to suppress the leaky growth of untransformed am'* clones) and 0.1% w/v myo-inositol. 
After incubation for 5 days at 30°C, frequencies of am ` * transformants were 3.5 per pg of cosmid DNA, 7.8 x 107° per viable sphaeroplast 
for pBCIO DNA and 1.8 per pg of cosmid DNA, 5.2 10°° per viable sphaeroplast for pEBIO DNA (averaged results from five separate 
experiments; abortive and dubious slow-growing transformants were excluded from these calculations), These frequencies are ~10-20-fold 
less than those obtained in similar experiments using other cosmids containing the 9-kb HindIII fragment encompassing the am gene (Fig: 
C) which yield single- -copy transformants (J.H.B. and J.C.W., unpublished). am* clones were transferred to plates of Vogel’s/glycine/inositol 
“medium (as above but lacking sorbitol and containing 1.5% w/v agar) containing 2 mg ml”! antibiotic G418 (obtained from P. J. L. Daniel 
: Schering, USA). After 7-12 days incubation at 30°C, G418-resistant clones grew from 85% of the am* inocula, and these were maintained 
oras stocks on both selective and non-selective media. Stability of the G418* phenotypes was shown by resistance tests of duplicate stock cultures: 
j maintained with or without G418 on medium selective for am*. The transformants showed various characteristic maximum tolerance levels 
“to G418, ranging over 2-10 mg ml”! compared with the parental am” strain which is sensitive to 0.5 mg ml”'. DNA for Southern blot analysis” 
was purified from mycelial cultures (grown in 50 ml of liquid Vogel’s minimal medium supplemented with 20 mM glycine for 2 days) of an” 
arbitrarily chosen set of nine of the am* G418" transformants (representing five separate transformation experiments), by the rapid methods 
of refs 36, 37, except that agitation was avoided during extraction and all volumes were scaled down proportionally to fit operations into 
1.5-ml Eppendorf tubes. 0.8% agarose gels were loaded with equal amounts (4 wg per slot) of DNA samples digested to completion with 10 
units of restriction enzymes per 4 ug DNA for 4-6 h. Completeness of digestion was judged from the characteristic size distribution of fragments 
on ethidium bromide-stained gels and the appearance of only the well characterized, completely digested bands of ribosomal RNA genes. 
Following transfer to nitrocellulose filters, hybridization and washes were in standard high-stringency conditions”? using pEB10 DNA as 
probe, **P-labelled by nick-translation to at least 2 x 10° c.p.m. per pg. Copy numbers were estimated by comparison with the single-copy 
bands of wild-type N. crassa DNA (lane | and Fig. 3, lane 16) using microdensitometric scans of the autoradiographs shown, of different 
exposure times of the same filters, and also of other similar filters (not shown) probed separately with labelled restriction fragments containing 
the am- or amp regions of the donor plasmids. Stability of copy number was shown by blot hybridization of separate DNA preparations from ` 
mycelium at different stages of vegetative growth and from cultures inoculated from separate stocks maintained on selective and non-selective 
media. In all such cases the pattern of hybridizing bands was essentially identical to those shown. 
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Fig. 3. Amplified transforming DNA 123 465 6 7 8 9 10 11 12 13 14 15 16 


is present in tandem arrays of high kb 
` molecular weight. DNA samples 231 

were from the following strains (lane i 

numbers in parentheses): wild-type 94 

STA4 (16); untransformed am'*? : 

recipient (9); transformants (coded 67 

as in Fig. 2) EB3 (1, 2); E221 (3, 4, 

13); E222 (5, 6, 14, 15); ECT845 (7); 

EB847 (8); EB841 (10); E224 (11); 44 

E223 (12). Restriction enzymes used 

were (lane numbers in parentheses): 

Sali (1, 3, 5, 7-12); HindIII (2, 4, 

6); Ahalll (13); Kpnl (14); Hpal 

(15); BamHI (16). Probes were 

pBC10 (lanes 1-6) and pEBI0 (lanes 2,3 

7-16), Markers were as in Fig. 2. 2.0 

Methods: Methods for DNA prepar- 

ation and Southern blot analysis 

were as described in Fig. 2 legend. 

Completeness of restriction digestion was shown by ethidium bromide-stained gels which gave the distribution of genomic fragments typical 

of N. crassa in all cases. The minimum size of the tandem arrays of amplified DNA was estimated from the Southern blots of transformant 

DNA digested with restriction enzymes (Sall, KpnI and Hpal) whose recognition sites are absent in the donor plasmids pBC10 and pEB10. 

In these digests the hybridizing DNA gives a high-molecular weight smear in the size range (20-50 kb) typical of N. crassa DNA prepared 

by the rapid methods***’ used. A single exception was transformant ECT845 (lane 7), which shows two Sall fragments (22 and 20 kb) and ` 





= Rescue of the amplified arrays into E. coli by packaging in vitro in phage A heads (to be reported elsewhere, J.H.B., J.C.W., Z. Nicola and . 
oo B; Hohn, in preparation) gave further evidence for the tandem arrangement of the multiple copies of donor DNA, as 'the packaging reaction 
requires pairs of cos sites spaced at 38-52 kb”. : 






















Fig. 4. Amplified transforming DNA 12345678 
is heavily methylated. and 5-azacy- b 
tidine prevents. methylation. DNA 234 
‘samples weré from the following 9.4 
Strains (non-standard growth condi- 6.7 
‘tions are indicated if relevant; lane 44 
“numbers in. parentheses): wild-type 
STA4 (13; 14; the hybridizing bands 03 
of wild-type DNA were ~ 15-fold less 50 
“intense than those of the transfor- 
imant DNAs, but the autoradio- 134 
graphs were exposed for longer to 087 
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give a similar appearance); transfor- 0.60 
' ‘mants BC3 (1—4); E222 (5-12); E221 
(15, 16; DNA prepared from 
mycelium grown for 16h in medium 
containing 300 uM 5-azacytidine); , 
E222 mycelium from 4h liquid culture (17, 18); E222 mycelium from 12 h liquid culture (19, 20); E222 mycelium from 24h liquid culture (21, 
22). Restriction enzymes used were (lane numbers in parentheses): Sau3A (1, 5,9, 13, 15, 17, 19, 21); Mbol (2, 6, 10, 14, 16, 18, 20, 22); Msp! 
(3, 7, 11): Hpall (4, 8, 12). Lanes 9-12 show the ethidium bromide-stained gel from which the blot of lanes 5-8 was made. For all Southern 
blots the probe was the 2.03-kb BamHI-EcoRI fragment of N. crassa DNA encompassing the am gene (Fig. 1). Size markers (vertical bars) 
were a mixture of phage A HindIII fragments and bacteriophage ®X174 Haelll fragments. Arrows indicate the sizes of hybridizing fragments 
expected from the sequenced region probed (see the map of GATC sites indicated in Fig. 1) and the expected 1,005-bp boundary fragrhent that 
includes bacterial sequences. The 1,404-bp fragment marked (lane 13) results from the failure of Sau3A to cleave the GATC site between the 
i 393- and 1,011-bp fragments. Other clearly defined fragments of ~1,300 and 1,600 bp (from E221 and E222 DNA, lanes 15-22) are probably 
new boundary fragments generated by deletion or rearrangement of DNA during amplification. 
- Methods: Standard medium for liquid cultures was Vogel’s minimal medium (Fig. 2 legend) containing 20mM glycine arid 0.1% w/v 
myo-inositol. 300 pM 5-azacytidine was added as indicated; preliminary experiments showed that 3 uM 5-azacytidine, as commonly used to 
inhibit DNA methylation in animal cells'“*, had no effect in N. crassa. Methods of DNA preparation and Southern blot analysis, and criteria 
for completeness of restriction digestion were as described in Fig. 2 legend. DNA methylation was tested by means of the isoschizomer pairs 
Sau3A (which does not cleave GATmC) and Mbol (which cleaves GATmC)*° and Hpall (which does not cleave CmCGG or mCmCGG but 
cleaves mCCGG) and MspI (which cleaves CmCGG, except in GGCmCGG sequences*’, but does not cleave mCCGG or mCmCGG, 
ref. 40) where mC denotes $-methylcytosine. Completeness of Mbol digests shows that N°-methyladenine is not present at GATC sites. 

















































_with repair has also been suggested for UV-irradiated bacteria” 


nd some recombinogenic lesions of ‘hyper-rec’ strains of E. 
coli”. In animal systems, DNA amplification, a frequent 
mechanism by which cells meet demands for increased amounts 
of gene products'®'*, does not generally'’ involve abnormally 
heavy methylation. However, de novo methylation of transfected 
foreign DNA sequences*’ has been found, and heavy hyper- 
methylation of amplified rRNA genes occurs in rat hepatoma 
and some human cell lines’? which, together with our results, 
“suggests that methylation de novo of some types of amplified 
‘or rearranged DNA might be a widely distributed phenomenon. 
We thank the SERC (research grant GR.B.34423 to J.C.W.) 
‘for financial support. 
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Erratum 


Functions of the canal system in the rotaliid ‘ 
foraminifer, Heterostegina depressa 


R. Rottger, M. Spindler, R. Schmaljohann, M. Richwien & M. 
Fladung 


Nature 309, 789-791 (1984) 


ON page 789, the last sentence of the second paragraph should... 
read: We have examined here the symbiont-bearing Recent 
nummulitid, H. depressa, in which the canal system located’. 
within the test walls replaces the primary aperture seen in other 

foraminifera. a 
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The computer experience 





David Edge 





Turing’s Man: Western Culture in the Computer Age. 


By J. David Bolter. 


University of North Carolina Press: 1984. Pp.264. Hbk $19.95, pbk $8.95. 





DAVID Bolter teaches classics at North 
Carolina, and has been a visiting fellow in 
computer science at Yale. In Turing ’s Man 
he offers us a bold interdisciplinary study 
of ‘‘the impact that electronic logic 
machines are having upon our culture’, 
concentrating on the ‘‘subtler effect’ of “a 
change in the way men and women in the 
electronic age think about themselves and 
the world around them” (p.4). Computers 
are a ‘defining technology” (p.8): they 
direct and reorganize older technologies, 
which are then rendered subservient; and, 
in so doing, they reshape the central ex- 
periences of their age. They therefore lend 
themselves to metaphorical extension, 
leading us to reconceptualize the world in 
their own image — much as some earlier 
technologies (potters’ wheels, clocks, 
steam engines) did before them. ‘‘By 
promising (or threatening) to replace man, 
the computer is giving us a new definition 
of man as an ‘information processor’, and 
of nature as ‘information to be 
processed’’’ (p.13). Bolter calls those who 
hold this view, Turing’s Men. 

Following a brief historical survey of the 
successive cultural impacts of manual, 
mechanical and dynamic technologies, the 
bulk of the book is taken up with a popular 
account of the principles of electronic com- 
puters (which I am not convinced is all 
either necessary or entirely successful for 
the uninitiated, but is still impressive), 
followed by chapters devoted to the impli- 
cations of computer technology for mathe- 
matics and logic, and for our conceptions 
of space, time and progress, language, 
memory, creation and intelligence. 
Turing’s Man “‘thinks of his world, intel- 
lectual and physical, as finite” (p.226), 
emphasizing discrete arrays rather than 
continua; lives, like the Greeks, for the 
moment, lacking historical sensibility, and 
seems ‘‘destined to lose the Faustian 
concern with depth” (p.220); and, since his 
interaction with computers is essentially 
playful, realizes that games are deadly 
serious. Even ‘‘the Western concept of 
God as an infinite being must surely fade” 
(p.226). You can’t really be bolder than 
that! 

Perhaps realizing that his argument must 
be self-exemplifying, in his preface Bolter 
apologizes for his necessarily superficial 
and general approach. But the discussion 
of the subject must begin somewhere, 
and Bolter’s first steps are as good as any; 
his book is a readable and stimulating 
introduction to a profound intellectual 
issue’ If the debate is to proceed, however, 


some clarification of the argument is 
needed. 

To begin with, is this another version of 
technological determinism? Is Turing’s 
Man the necessary result of the develop- 
ment of inherent properties of a physical 
technology — a development which is 
inevitable, inexorable, irreversible and 
beyond social control? Like many other 
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Turing’s children — ‘‘destined to lose the 
Faustian concern with depth”? 


authors, Bolter seems ambivalent on this 
point. His early discussion of the emer- 
gence of computers stresses the importance 
of economic conditions in stimulating their 
development, but he argues that these con- 
ditions ‘‘enabled these devices to express 
qualities that were latent in them from the 
moment the first prototypes were tinkered 
with” (p.5) — and it is from these latent 
qualities that the characteristics of 
Turing’s Man stem. Can such ‘‘hard’’ 
aspects be avoided? In his closing 
discussion, Bolter argues that the 
tendencies he has described ‘‘need not 
overwhelm us’’ (p.228): but his strategy for 
‘building humaneness into the machine’’ 
(p.229) centres entirely on the 
programming, the software; he seems to 
take the hardware as an unavoidable 
*“*given’’. But it is precisely such an implicit 
technological determinism that many of us 
find questionable. The hardware itself may 
be socially shaped. The notion that culture 
adapts to, and stems from, the inevitable 
unfolding of the latent characteristics of 
physical technology is a notion that 
demands further challenge and analysis. 
Secondly, Bolter assumes a cultural 
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homogeneity. The Greek artisans and 
craftsmen are silent: but Plato and 
Aristotle speak for them. The potters, 
weavers and carpenters struggle with their 
“defining technologies’’, experiencing and 
conceptualizing the world in their terms: 
and the artists, playwrights and speculative 
thinkers reproduce that world for our 
inspection. I find this assumption hard 
to accept. There must surely be a very wide 
variation, within any society, of experience 
of the “‘defining technologies”. Turing’s 
Man is essentially a designer and 
programmer of computer technology — 
someone who manipulates and creatively 
explores its potential. Will this kind of 
experience ever be available to more than a 
minority? Just as we are familiar with cars 
and TV sets without designing, mending, 
tinkering with, or even understanding 
them, so we may become familiar with 
computers without sampling the 
experiences which beget Turing’s Men. 
Even the elementary popular under- 
standing which Bolter presents may be 
redundant. Why, then, should Turing’s 
Man be taken as representative of an entire 
culture? Must we all conform to this 
pattern? 

This question leads us back to my point 
about technological determinism. Just as it 
is possible that the precise physical form of 
the technologies we develop are shaped by 
powerful social interests, so it may be that 
the ways in which such technologies are 
metaphorically (conceptually, culturally) 
extended are also socially moulded. In 
other words, the reconceptualizations may 
serve ideological functions, redefining the 
world so that developments sponsored by a 
minority come to seem natural and inevit- 
able. Rewriting history with just the same 
kind of broad brush that Bolter uses, the 
emergence of mechanical clocks, and their 
extension into a Newtonian metaphysics, is 
a story that can plausibly be told in such 
terms. However, my point is not to argue 
over particular historical episodes. Rather, 
it is to stress the importance of increasing 
our understanding of the social processes 
that underly both the evolution of physical 
technologies and their cultural extension. 

Bolter attempts no such analysis. His 
book is an extended meditation on a parti- 
cular technological metaphor. To regret 
that it does not do justice to the relevant 
literature on metaphor (and, in particular, 
to the pioneering work of Donald Schon) 
is, perhaps, a Faustian sentiment which we 
must now eschew. And many of Bolter’s 
speculations seem strained and 
implausible. But no matter. His concern, 
as he says, ‘‘is not that the reader agree with 
all my conclusions but rather that he or she 
agree that it is important to think about 
computers from this perspective” (p.xii). 
And indeed it is. oO 


David Edge is Reader in Science Studies and 
Director of the Science Studies Unit at the 
University of Edinburgh. 
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IN Systems E.ology, Howard T. Odum 


“attempts to wrap virtually all living systems 


in the explanatory mantle of systems 
science and energetics. The mantle is 


“frayed in some places, stretched too thin in 
“others and is certainly far from large 


‘enough to cover everything, yet credit must 
‘go to the author for simply making the 


“attempt. Odum’s arguments touch, in one 


manner or another, on just about every 


aspect of ecology. They are often contro- 


-versial, occasionally wrong, rarely naive 
but never dull. 
The book consists of 27 chapters, 


“divided into four sections, the first of 
which is a general overview of systems 


ecology and modelling. The remaining 


_ three deal with the main elements and inter- 
actions found in ecological models, the 


organization of systems in terms of energy 
and other physical factors, and the system 


attributes of various levels of biological 


organization. This last section concludes 
with a chapter on the unity of systems. 

In the first part Odum makes a laudable 
attempt to describe and compare the 
various possible ways (that is, the lan- 


guages) that can be used to explain the 


workings of a system and translate them 


< into forms understandable by a computer. 


‘Unfortunately, the set of defined ‘‘lan- 
guages” he discusses (given in Table 1-1) is, 


in the sense of comparing apples and 


oranges, a veritable fruit-basket. The lan- 


guage of mathematical notation, for 
“example, has been subdivided into a 
“umber of “different” languages before 


being compared to English or the energy- 


¿circuit language long-used effectively by 





Odum. Many workers choose to use the 
latter in its entirety. Others, myself 
ncluded, use mathematical notation, per- 
haps supplemented by some of the more 
general state-variable symbols of Forrester 
or Odum. A much more careful and 
rigorous definition of “language” would 
have immensely increased the usefulness of 
the comparison. 

In Part II Odum systematically lists the 
functional descriptions of ecological inter- 
actions that have been used in the past. 
These cover control of autocatalytic 
modules, influence loops, serial predator- 
prey interactions, parallel competition 
interactions and food webs. This is a most 


helpful entrée to the literature. But the 


effort to find and convert.all such functions 


to the language of energy circuits has un- 
“fortunately left no room for assessment of 
: pe various functions and their relevance in 
‘light of theory. For example, the important 














topic of rversus K strategy is disposed of in 
a single paragraph of eight lines! 

Part IH deals with the importance of 
energy in system organization and pattern. 
In Odum’s concept of ‘‘embodied 
energy’’, the value of the energy content of 
matter is augmented in proportion to its 
position or distance (in terms of trophic 
transformations) from the Sun. This is an 
important distinction. But I believe it is 
overdone by drawing an analogy with 
temperature, as the latter is used to 
measure the ‘‘availability’’ of heat energy. 
Temperature is an exact reference because 
it always has an absolute (zero degrees 
Kelvin) or a relative reference (the tem- 
perature of the surroundings). But energy 
transformations in living systems involve 
many unknown pathways and are variable; 
organisms often feed from several trophic 
levels while accumulating their stored 
energy. Furthermore, the human value- 
system may often make the concept of 
embodied ecological energy meaningless. 
For example, the pearl has the same 
embodied ecological energy as an equal 
weight of oyster shell, yet, because of its 
value, it can affect ecosystems to a much 
larger degree. 

In general this part of the book suffers 
from too great an emphasis on physical 
examples. The chapter on temperature 
would have profited from mention of the 
temperature functions in models neces- 
sitated by the great wealth of behavioural 
and physiological adaptations of organ- 
isms to ameliorate the effects of varying 
temperature. More importantly, Odum is 
wrong when he says (p.318) that ‘‘The 
energy flow of maintenance respiration 
















divided by the Kelvin temperature gives the 
entropy change”. This old analogy pre- 
sumes the living entity in question to be 
closed to exchanges of matter and in 
reversible thermodynamic equilibrium. 
Neither is true and the entropies of. 
exchanging matter and the irreversible heat 
loss completely swamp the rather small 
entropy changes associated with internal 
chemical transformations. This is why we 
use First Law energy balance equations in 
ecological energetics. 

In Part IV Odum discusses system 
modelling of successively larger ecological 
hierarchies, culminating in a presentation 
of world patterns. This, the freshest and 
most interesting part of the book, contains 
more detailed and free-ranging discussion 
and critical evaluation. In particular the 
modelling of monetary flows as well as of 
energy flows is explained clearly and there 
are some excellent examples of embodied 
energy expressed in monetary terms. 

Alongside the stress on a holistic view of 
ecosystems, throughout the book Odum 
implicitly makes a strong case for model- 
ling ecosystems with components for which 
mechanistic explanations have been 
supplied. This in turn implies an awareness 
of and reliance upon population genetic 
selection and fitness as the basic units of 
evolution in ecosystems. The incorpor- 
ation of these concepts into ecosystem 
models is a prime objective of most 
ecological modellers today. Explicit treat- 
ment of this subject in the next edition of 
the book would be a valuable addition. © 


Richard G. Wiegert is Professor of Zoology at 
the University of Georgia. 
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WHEN a star explodes as a supernova, there 
is a short period in which it is as luminous as 
a whole galaxy of ordinary stars. The 
sudden appearance of such a “new star” 
has in the past been regarded as a portent, 
and two supernovae observed in 1572 and 
1604 played a part in the acceptance of the 
new astronomy in which all objects beyond 
the Moon were no longer regarded as 
perfect and unchanging. Supernovae are 
important sources of heavy chemical 
elements and of cosmic rays; their 
explosions are crucial to the energy balance 
of the interstellar medium; they may 
stimulate the formation of new stars; and, 
in some cases, their explosions leave behind 
highly compact and exotic remnants, 
pulsars. It has also been suggested that 
biological extinctions might have been 


caused by the occurrence of supernovae 





relatively close to the Earth. 

David Clark gives an account of all these 
aspects of supernovae for a general . 
audience. He is at his best when discussing 
the historical significance of supernovae 
and describing how, for example, the 
Chinese and Korean astronomical records 
have provided evidence for the explosions 
of supernovae whose remnants can be 
studied today. Although the book also 
contains a good assessment of the 
astronomical importance of supernovae 
without the introduction of any 
mathematics, it inevitably contains many ` 
complicated physical ideas, some but not 
all of which are conveniently discussed in 
appendices. Because of this the book will- 
be most readily appreciated by readers with ~ 
a basic training in physics. 

Anyone who does read the book will.. 
realize why astronomers are hoping that ` 
there will soon be another bright supernova `> 
in our Galaxy. Every possible instrument: 
would be used to study the supernova and 
the early development of its remnant, and 
the increase in astronomical knowledge: 
would potentially be very great indeed. J 





R.J. Tayler is Director of the Astronomy Centre. : 
of the University of Sussex. $ 
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ADDITIONS to the literature on New World 
monkey behavioural ecology are rare 
enough, so a monograph dealing with five 
species at once is particularly newsworthy. 
In 1976 John Terborgh, originally an orni- 
thologist but now a convert to primat- 
ology, opened up a field site in pristine 
Amazonian rain forest on the Rio Manu in 
Peru, and in Five New World Primates he 
has summarized a fascinating array of 
behavioural and ecological observations. 
As the:first contribution to a new series, 
Monographs in Behavior and Ecology, the 
book sets a standard that augurs well for 
the future. It is essential reading for anyone 
interested in primate behaviour and 
ecology, or in the subject of behavioural 
ecology in a wider sense. 

Terborgh’s account deals in detail with 
five out of the unusually high total of 11 
primate species found at the Manu site, and 
includes useful information on the other 
six. Although the fieldwork spanned little 
more than a year, a demanding rota of 
observations shared with four assistants 
permitted a remarkable weekly average of 
50 hours’ systematic data collection for the 
five main species: two capuchins (Cebus 
apella and C.albifrons), two tamarins 
(Saguinus imperator and S. fuscicollis) and 
a squirrel monkey (Saimiri sciureus). The 
author modestly describes much of the 
work as “first-order descriptive natural 
history”, yet even at that level the informa- 
tion provided is of great value. However, 
the’ text goes far beyond description 





Great Plantain {Plantago major), depicted by 
Sybil J. Roles. The drawing is reproduced from 
the new paperback edition of Flora of the British 
Isles, Illustrations, the companion volumes to 
Clapham, Tutin and Warburg’s classic work. 
The illustrations are published in four volumes 
oy. Cambridge University Press, price £8.95, 
$17:95 each volume. 











because of the emphasis on standardized 
collection of quantitative data on feeding 
and ranging behaviour. Further, there are 
special advantages in conducting a study of 
several species simultaneously — com- 
parisons between sympatric species are 
particularly productive because many en- 
vironmental variables are held constant, 
and it is also possible to obtain quite precise 
information on divergent specializations 
that reduce competition between species. 

Terborgh’s data on feeding and ranging 
behaviour permit construction of detailed 
profiles of the five species studied, the pro- 
files in turn providing a basis for compari- 
son both between these species and with 
other primates. Overall, the picture built 
up by Terborgh reveals a stark contrast 
with the better-known Old World monkey 
species. For example, the Manu primates 
feed far more extensively on animal prey 
(notably arthropods), whereas leaf-eating 
is insignificant. There are also quite 
substantial differences in feeding 
behaviour between the five species, these 
dietary differences being matched by 
general differences in habitat use. There is, 
therefore, good evidence for some avoid- 
ance of competition between species. 

However there is also some overlap bet- 
ween the five species in their feeding ac- 
tivities and thus some observable competi- 
tive interaction (especially between the 
tamarin species). It is therefore all the more 
striking that there are two special cases of 
mixed troop formation (polyspecific 
association), which further enhance the im- 
portance of Terborgh’s work. First, there 
is a definite tendency for Saimiri to form 
mixed troops with either of the Cebus 
species. This has been reported previously, 
but Terborgh’s quantitative data show 
quite clearly that it is Saimiri rather than 
Cebus that seek the association. For in- 
stance, whereas Saimiri travel relatively 
rapidly when alone and slow down when in 
association with Cebus (often after switch- 
ing direction to make contact), the con- 
verse is true of the capuchins. Terborgh re- 
jects a suggestion that Cebus benefits from 
the association by preying on insects flush- 
ed by Saimiri and concludes instead that 
Saimiri may benefit through greater pro- 
tection from predators and through the 
more detailed local knowledge of fruit 
sources presumably possessed by the less 
widely ranging Cebus. 

The second case of troop association is 
even more noteworthy in that an S. impera- 
tor group typically shares a territory with a 
group of S_fuscicollis, while both groups 
vigorously repel conspecific intruders. 
Unlike Saimiri and Cebus, however, the 
two tamarin species do not actually move 
as mixed troops, though their ranging pat- 
terns are closely coordinated. In this case, 
Terborgh invokes Cody’s “local depletion 
hypothesis” (originally proposed for mix- 
ed flocks of birds), according to which the 
two tamarin species increase foraging effi- 
ciency by avoiding previously depleted 


areas. It is; however, odd that the tamarins 















diverge in their patterns of feeding on ar- 
thropod prey, whereas they are extremely” 
similar in their feeding on fruit. Further, 
Cody’s hypothesis does not seem to resolve 
the basic paradox that arises with any mix-. 
ed troop: why does a group of species A > 
associate with a group of species B rather . 
than forming a larger single-species group?” 

Inevitably, such an ambitious study has 
its shortcomings. Because of the over- 
riding need to standardize observation: 








methods, focal animal sampling (requiring 
recognition of individuals) was ruled out 
and replaced by the less rigorous technique 
of opportunistic scan sampling. This latter 
method predisposes towards recording the: 
most obvious activities of the most obvious 
individuals. The reasons for adopting scan 
sampling are understandable, but the 
potential effects of observational bias on. 
inferred activity budgets really required 
some detailed discussion. Also, although: 
Terborgh and his team took pains to assess: 
fruit distribution and productivity at the: 
Manu site, there was no comparable assess- 
ment of arthropod availability. This is un: 
doubtedly linked to Teborgh’s general 
tendency to dismiss competition for 
arthropods as a determining influence in 
relationships between the five species, in 
favour of arguments based on fruit :avail- 
ability and on risks of predation. For this” 
and other reasons, Terborgh’s overall at- 
tempts to interpret the behaviour of the. 
Manu primates in relation to ecological 
factors are not entirely convincing. 

Finally, although Terborgh draws upon’ 
the ornithological literature in interpreting 
the behavioural ecology of the Manu 
primates, there is surprisingly little 
reference to directly comparable research’. 
on Old World sympatric primate species 
for example that of the Gautiers on 
monkeys in Gabon (including the best ex- 
amples known of polyspecific association 
among primates) and of Chivers ef al. on 
monkeys and lesser apes in Malaysia, of 
Charles-Dominique on nocturnal prosi-.. 
mians in Gabon, and of Charles- 
Dominique ef a/. on nocturnal prosimians 
in West Madagascar. All of these studies’ 
establish general principles of direct 
relevance to Terborgh’s work at Manu, but: 
it is left to the reader to make the com 
parisons and the connections. 

However such points pale into insignifi 
cance given the dedication required to 
carry out such a field study at all. The in- 
troductory account of the practical pro- 
blems involved is enough to arouse the 
reader’s unstinted admiration. In this book 
Terborgh has greatly extended our under- 
standing of the behavioural ecology of 
Amazonian primates. As noted in the 
epilogue, one of the benefits of such 
understanding may be the development of 
effective conservation measures for 
primates in this fast-disappearing rain 
forest habitat. a 





















































R.D. Martin is Professor of Physical Anthro 
pology at University College London. 


Not yet the meeting 
_of minds 
_ John Morton 


Handbook of Cognitive Neuroscience. 
“Edited by Michael S. Gazzaniga. 
Plenum: 1984, Pp.416. $45, £34.65. 











COGNITIVE science is a ten-year-old 
conglomerate which is still struggling for 
‘identity, survival and research funds. Its 

scope, as the term ‘‘cognitive’’ indicates, 

includes perception, memory, language, 
intelligence and reasoning. In general it 
_ excludes such topics as motivation, 
intention, feeling and emotion. The core 
‘disciplines are cognitive psychology, 
theoretical linguistics and artificial 

“intelligence. The links between the three 
are still rooted in optimism rather than 
achievement, and the merger with the 


neurosciences, to form cognitive neuro- 


science, is a triumph of faith. 

The urge towards a unified science of 
> mind is understandable, but the success of 
~ a cooperative enterprise depends on the 
existence of a question that is susceptible to 
acommon interpretation. This is rarely the 
case. Thus, workers in artificial intelligence 
often study the same subject matter as 
cognitive psychologists — for example the 

problem of object recognition — but the 
approach is one of finding any solution 
rather than the specifically human 
Solution. When we include the neuro- 
sciences there are difficulties of another 
sort. Given that we believe a particular 
psychological mechanism exists then we 
can ask how it is implemented in the brain. 
But, unless we are attempting causal 
accounts, it is not clear that there are any 
constraints on psychological theory from 
biology except where there is one-to-one 
mapping between the elements at the two 
levels, From what is currently believed, 
such a mapping exists at best for sensory 
and motor functions. 

In practice, then, each cognitive scientist 
(self-defined) gets what he can from the 

other disciplines in pursuit of his own 
objectives. This is profitable in that it can 

Jead to an enrichment of the metaphorical 
and analogical resources available to the 
‘individual. But it is not the same as the 
creation of a unified science. 

By now the reader should have some idea 
of what to expect from a Handbook of 
Cognitive Neuroscience. Michael 

“Gazzaniga, the editor, is a psychologist 
‘pest known for his insightful studies of 
split-brain patients. He has gathered 
together a collection of 19 articles which 
¿well illustrate the diversity of approach that 
-1 have already pointed to. The coverage is 
far from complete, and rather than being a 
handbook we have a collection of contri- 
butions by people, mostly from the north- 
eastern seaboard of the United States, who 
“happen to be doing interesting work. 











“The most ‘neuro’ of the chapters’ 


concern perceptual mechanisms 
particularly the contribution on perceptual 
(perhaps ‘‘sensory’’ would be a better 
word) development by Berkley. In 
contrast, the excellent overview of 
cognitive development by Carey is 
resolutely psychological in tone. Some of 
the other chapters display what might be 
called a pseudo-interaction between 
disciplines. Gazzaniga and Smylie 
capitalize on the fact that 5 out of the 50 or 
so split-brain patients have some language 
function in their right hemispheres. 
Gazzaniga and Smylie’s studies suggest 
that the presence of language helps the 
right hemisphere to perform cognitive 
tasks. However, tasks involving an abstract 
treatment of language materials are still out 
of reach of the right hemisphere, being 
performed, the argument goes, by other 
cognitive systems in the left hemisphere. 
Studies of this kind, as with the work on 
aphasia reported by Zurif, do put 
constraints on psychological models of 
normal functioning but this is only cross- 
disciplinary research in the loosest sense. 
That we happen to be dealing with the two 
hemispheres is really incidental; these are 
psychological studies carried out inside a 


“theoretical framework w ie 
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psychological. 

The same is also true for the work or 
brain potentials reviewed by Kutas anc 
Hillyard. The existence or not of certain 
components of these waves in particular 
tasks can be used to decide between 
competing psychological theories. 
However, what it is that is being tapped can 
only be expressed in terms of the 
psychological theory that the experimenter 
adopts. Furthermore it does not actually 
matter what neural events these electrical 
components correspond to. The technique 
is no more physiological than a key press is 
anatomical. 

In general the book is stimulating 
reading, with chapters ranging through 
pedagogy in chimps (Premack) and the 
psychology of reasoning (Johnson-Laird). 
to a discussion of the mind-brair 
relationship (MacKay) and an attack on the 
computer metaphor for mind (Carello anc 
others). It provides a good opportunity tc 
catch up on work and thinking in a variety 
of areas; but do not expect to find a gran¢ 
synthesis. E 





John Morion is Director of the Medical 
Research Council ’s Cognitive Development 
Unit, University College London. 





Winning at physics 


Roy Porter 








The History of Physics. 

By Isaac Asimov. 

Walker, New York: 1984. Pp. 762. 
$29.95, 





TWENTY years ago you might have given 
your lucky teenage nephew three volumes 
of Isaac Asimov’s History of Physics for 
his birthday. Today you can give it to his 
son (and nowadays his daughter too) all in 
one single volume. 

. Asimov has updated his classic text 
somewhat to digest recent advances in the 
subatomic departments, but all the old 
qualities of the dean of popularization still 
shine through, bright as a new pin. Above 
all, Asimov has the great knack of 
communicating the thrill of science’s in- 
exhaustible intellectual energies. He will 
convince the reader how, once Newton had 
pondered long and hard about an apple 
falling from a tree, his mind would thence 
be “‘never at rest’’, till the law of universal 
gravitation had been hammered out. Story 
after story unfolds this way of how, 
pressurized both by logic and by brute 
experience, the domains of mechanics, 
light, heat, sound, electricity, and the 
micro-world of the particles, successively 
took shape. 

Asimov calls his book a history. It is only 
fitfully that, except in the sense that it 
shows how certain concepts followed 
consequentially from others: For Asimov 


actually takes no interest in the lives. of 





scientists, in the psychology of discovery 
and creativity, or in the chronology of 
progress, let alone in the finer points of 
historical interpretation. Why was it 
during the Renaissance that Copernicus 
advanced the heliocentric hypothesis? -~ 
you will look in vain for “Renaissance” 
here. 

In some ways, Asimov’s rather 
Pickwickian notion of history is a missed 
opportunity. Your grand-nephew or niece! 
won't gather from him what it was that 
made extraordinary figures such as Kepler 
and Galileo tick (give them Koestler 
instead!). And they will get a lopsided view 
of how science works, one which assumes) 
the only sages worth mentioning are the 
giants who ended up on the winning side. 
Boyle, Hooke, Newton etc. all pop upe 
because of their laws, but even towering 
intellects such as Francis Bacon, Descartes; 
and Leibniz, who figured no less in the 
making of scientific thinking and method y 
are wholly omitted or just mentioned ir: 
passing. Asimov is exhilarated by idea: 
but they have a curiously disembodied fe 
to them. 

Asimov says he is attracted to the 
historical approach because, while science, 
changes and grows obsolete, history alway. 
stays the same. Well might the chagrine 
historian riposte: Eppur si muove. Yi 
neither can there be any doubt abo 
Asimov’s own mind being in constan 
motion. For his powers of unfolding the 
structures of physical thought in a style 
vivid and familiar, he still has few peers. | 





















Roy Porter is at the Wellcome Institute for K: 
PRO of Medicine, London. ta 





































_ Work for revision in 
- geomorphology 


Peter Worsley 








Geomorphology of Europe. 
Edited by Clifford Embleton. 
Macmillan Press, London: 1984. 
Pp.465. Hbk £45; pbk £17.50. 





THE publication of Geomorphology of 
Europe raised hopes that at last there 
would be a European equivalent to W.D. 
Thornbury’s Regional Geomorphology of 
the United States, or perhaps C.B. Hunt’s 
splendid Natural Regions of the United 
States and Canada. In the event the overall 
impression is one of disappointment, 
of a work which has failed to fulfil its 
potential. 

The book was originally. conceived as a 


text to complement the /nternational 


«..Geomorphological Map of Europe, a 
“<< project undertaken by. the International 
Geographical. Union. The map is as yet 
< incomplete and the book became ‘‘a work 
“in its own right’’, able to stand 
independently of the forthcoming map. 
Any critique is naturally deflated to some 
extent when it is declared that ‘‘the editor is 
well. aware of shortcomings in the work and 
of uneveness of treatment’’. Indeed one 
ean fully sympathize with the demanding 
task of managing contributions by some 24 
different authors from about ten nations. 
Apart from the og¢asional lapse into 
unfamiliar terminology, Professor 
“Embleton and his Czech colleague Jaroslav 
Dernek have done wonders in producing a 
linguistically well-written text. 

However one cannot altogether excuse 
the admitted variability in detail simply 
because the level of knowledge from region 
to region is uneven. At the level of 
generalization appropriate in a work 

< dealing with an entire continent, it ought to 
be possible to achieve greater uniformity. 
Further, that ‘‘no attempt has been made 
to standardize the contributions from 
different authors’’ is surely a recipe for 
trouble. 

All of the chapters are organized on the 
basis of structural subdivisions of the 
continental areas, except for two which 
deal with the now-submerged shelf. Such 
an approach is sound but does entail some 
unfamiliar division of the material; for 
example the British Isles are discussed in 
three separate chapters (Caledonian 
Highlands, West and Central European 
Highlands, and Hercynian Europe). 
Within each structural unit summaries are 

given of the geology, Cenozoic landscape 
evolution, Quaternary history and coastal 
character (where relevant), sometimes with 
comments on contemporary processes. 
Clearly the newer, climatically influenced 
geomorphological features do not fit 
readily i into a structural framework but we 
yüst recognize the dilemma created by the 








‘need to deal with the entire scope of 


geomorphology. The greatest benefit from 
the book will be derived by those who 
require a briefing on an unfamiliar part of 
Europe. This would have been aided by the 
inclusion of key bibliographic citations at 
the end of each chapter, enabling the 
reader to quickly identify the main sources 
available. For instance one is astonished to 
find no mention in the treatment of 
England of C.A.M. King’s Northern 
England nor A. Straw and K.M. Clayton’s 
Eastern and Central England, both of 
which are extremely valuable guides to the 
literature. 

A close knowledge of each of the various 
regions is of course necessary to identify 
inaccuracies. With reference to Britain, we 
find a strict adherence to a Quaternary 
framework established over a decade ago, 
with no hint that this sequence is 
incomplete or indeed that additional stages 
have now been defined. The generally 
jaded flavour is also apparent, for 
example, in the apparent oblivion to the 
substantial evidence assembled by J 
Boardman for a pre-Devensian glaciation 
of the Lake District or to J.B. Sissons’s 
penetrating work on the Loch Lomond 
Stadial cirque glaciation in the same area. 
One is curious to know where the claimed 
300-m-thick crag sequence is located in 
East Anglia, or where Pliocene crags are 
subject to rapid coastal erosion, or what is 
the evidence for a Beestonian sea level of 
-100 m. In the south-west of England 
consideration of the important Tertiary 
Petrockstow Basin is omitted, as it is of the 
allied major wrench fault which crosses the 
entire peninsula. 

Even less excusable is the poor quality of 
the illustrations. Many of the maps are 
reproduced at an inappropriate size 
(usually too large), the lettering is 
frequently crude and generally they appear 
amateurish. Monochrome photographs 
are dispersed throughout the text, but 
while some are successful many are badly 
reproduced. Printing problems apart, the 
selection of the photographs appears to 
have been haphazard, many being of 
dubious value. Perhaps the prize in this 
respect goes to Fig. 9.36, ‘‘Planation 
surface, probably etchplain with peat 
cover’’, which is devoid of any scale and 
impossible to interpret. The statutory 
(these days) satellite images are restricted to 
France and Central Europe and their 
definition is so poor they serve no useful 
purpose. 

Regrettably, therefore, it is difficult to 
avoid the verdict that this is a work in need 
of revision. Such a conclusion is frustrating 
since the overall objectives are admirable 
and there is a real need for a synthesis of 
European geomorphology. This book is a 
step in the right direction but is, alas, an 
unsatisfactory first attempt at filling the 


gap. 





Peter Worsley is. Professor of Physical 
Geograph y at the VEPRE of Nottingham. 
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J. M. Hayes 


Microbial Geochemistry. 

Edited by W.E. Krumbein. 
Blackwell Scientific: 1984. Pp. 330. 
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THE ocean, about as old as the planet itsel 
and the place of origin of nearly 
sedimentary rocks, is one of the m 
reaction vessels for the processes of glob 
chemistry. Some of the most importa’ 
actors on that grand stage are microscopic 
in size. Though each individual works on a 
scale absurdly small in proportion to the 
environment, unicellular organisms 
effectively control the marine chemistry 
many elements, Further, bacteria living 
the mud and ooze of the ocean flo 
commonly have the last word. befo 
constituents of sediments are more or | 
immobilized by the process of lithificatio 
There are fascinating — and still largels 
uninvestigated, let alone answered: 
questions regarding the possible impo: 
ance of bacterial processes in sediments a’ 
depths of kilometres and over time: 
familiar to geologists but not micr 
biologists. In any event, microorganism 
again play important roles as the rock cycl 
is closed by processes including uplift and 


















Bring Your 
Library Up-To-Date 
With This ANS Edition... - 


J.M. Cleveland 
MONOGRAPH 


The Chemistry 
Of Plutonium 


Approx. 680 pages 6” 
Hardbound $49.00 





x g” a 





American Nuclear Society 
555 North Kensington Avenue 
La Grange Park, IL 60525 USA 









Please take my order for... book(s ye 
G Payment in full enclosed. 
O Bill me and | accept postage and 


handling charges. 





Name 
Organization 
Street 
City 


SATE a Sonia, coca tsegdae tials 








chemical by-products: accelerate weath- 
ering processes ahd soil formation. 
By acting, then, as catalysts and geo- 
chemical gatekeepers, microorganisms do 
uch- to control the global chemical cycles 
at shape the sedimentary record. This 
orm of microbial domination persists even 
day, on a planet teeming with 
multicellular plants and animals. For most 
of Earth’s history, however, there was no 
ontest; all biology was microbial. 
For those good reasons, geochemists 
concerned with low-temperature processes 
ight to be as interested in bacteria as in 
the source of their next pay cheque. Some 
good books are now appearing in the 
prefix-laden field of biogeochemistry, but 
he. subject draws upon so many disciplines 
hat few authors are attempting large-scale 

yntheses. In 1979 T. Fenchel and T.H. 

Blackburn provided us with a superb 
extbook (Bacteria and Mineral Cycling, 
wiblished by Academic Press), and now 

Wolfgang Krumbein, a most engaging 
xponent of modern studies in geomicro- 
iology, has assembled an outstanding 
roup of authors to review aspects of 

microbial geochemistry. 

- The volume includes some particularly 

iotable contributions. K. H. Nealson 
rovides beautifully documented reviews 

the microbial iron and manganese 
cles, J. Berthelin discusses microbial 
weathering processes in similar detail, and 
chapter by C. D. Curtis outlines the roles 
“microorganisms in diagenesis of 
ediments. In each case, diverse lines of 
vidence have been pulled together to 
provide a unique and authoritative view of 
he subject. 

_ The Institute of Ecology and Genetics at 
>» University of Aarhus, Denmark, is 
rrently one of the most active centres for 

esearch in sedimentary microbiology. To 
è large number of excellent papers 

-oming from that laboratory we must now 

idd chapters in this book by T. H. 

Blackburn, on microbial nitrogen cycling, 

ind by B. B. Jorgensen on microbial 

ulphur cycling. The former emphasizes 
neralization — a welcome change from 
gst other reviews — and the latter 
telpfully expands on previous treatments, 
hough, falling as it does in a particularly 
ive area, it suffers slightly from the 
ident lapse of time between its 
reparation and the appearance of the 
200k. 

An otherwise lucid review of microbial 

palaeontology written by A.H. Knoll and 

.M, Awramik suffers even more strongly 

rom the same problem. The volume is 

‘completed by a discussion of microbial 

carbon cycling by Krumbein and P. K. 
swart, and a very nicely illustrated chapter 

in silica. cycling, by Krumbein and D. 





Hayes is Professor of Biogeochemistry in 
ana Cnr of Chemistry and Geology at 
tana University; Bloomington, ; 
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Surfactant Systems: Their Chemistry, 
Pharmacy and Biology. 

By D. Attwood and A.T. Florence. 
Chapman & Hall/Methuen: 1983. 
Pp. 794, £45, $99. 





SURFACTANT science, in its widest sense, is 
a part of a large number of academic 
disciplines, and deals with a wide variety of 
biological and other natural systems, and 
industrial operations. The original 
objective of the authors in writing this 
book was to revise a useful monograph, 
Solubilization by Surface-Active Agents by 
P.H. Elworthy, A.T. Florence and C.B. 
McFarlane, published in 1968 but now out 
of print. This revised version, however, isa 
much larger volume and of considerably 
greater scope. Surfactants are defined 
rather broadly — typical amphipathic 
substances with flexible chains such as 
soaps and detergents, and membrane lipids 
are included, as also are physiological 
surfactants, such as bile salts, and a variety 
of drugs which display interesting surface- 
chemical and colloidal properties. 

The authors’ coverage of the various 
sub-topics is relatively unorthodox. The 
first three chapters consider general aspects 
of surface activity, phase behaviour of 
surfactants and problems of self- 
association and micelle formation. 
Chapter 4, the longest in the book, deals 
with the surface activity and colloidal 
properties of drugs and some naturally 
occurring substances. Solubilization is 


discussed as a general phenomenon and its 
areas of pharmaceutical application are 
covered. Chapter 7 is devoted to some 
implications of the role of surfactants in 
formulations, including their effects on 





The preceding question was designed to 
mislead you! It did not say the areas must 
be congruent to the original area. 








Divisive difficulties from David Singmaster — the solutions 
Answers to the three problems appearing on p. 521 of Nature, 9 August. 











membrane permeability 
and drug absorption, after which there are 
two chapters on emulsions and suspensions 
and an account of some selected toxi- 
cological aspects of surfactants. The 
concluding chapter, on reactivity in 
surfactant systems, includes a brief 
treatment of aspects of chemical and 
photochemical reactivities of solubilized 
species as well as of the chemical stability of 
surfactants themselves. Much emphasis 
has been placed on commercial non-ionic 
surfactants, which are chemically 
heterogeneous but which are used 
extensively because of their compatibility 
with physiological systems. 

The book is aimed at final-year students 
of pharmacy and at 

. post-graduate students of pharmacy, 

biochemistry, biology, chemistry, and those 
working in industrial research and development 
laboratories exploring the value or problems of 
surfactant systems. 
Yet I do not believe this volume can be 
described either as a good textbook or as a 
critical monograph. The literature is 
covered in too descriptive a manner — in 
many cases where an evaluation of 
opposing points of view might have been 
desirable, the authors have merely stated 
those points of view and have left readers 
the task of making their own conclusions. 
On the other hand, the literature has been 
covered extensively. There are 2,427 
references at the end of the chapters, only a 
small fraction of which are repeated. So 
while I feel that the authors have fallen 
short of their primary goal, the book is 
likely to be of considerable value for 
reference and as a review of the literature, 
particularly for those who are interested in 
surface activity of drugs and the 
formulation and use of medicinal products 
containing surfactants. J 





Pasupati Mukerjee is a Professor in the School 
of Pharmacy at the University of Wisconsin- 
Madison. 










Here, the square is divided into five areas, 
but each area has two parts. The question 
did not say that the areas must be 
connected (but did state that many people 
would find this solution unacceptable!). If 
one insists on connected areas, it is 
not known whether there is any way to 
divide a square into five (or even three) 
congruent parts. š 
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For the chemistry laboratory 


Twenty-five new products from American companies, with the emphasis on a 


speed and precision. 


@ The Model 220 solvent delivery system 
from Scientific Systems Inc. is designed to 
perform equally well as a dependable 
system for routine analyses, or as a 
research instrument that can be upgraded 
to gradient operation. The Model 220’s 
flow rate can be set in 0.01 ml increments 
from 0.05 to 9.99 ml per min. The com- 
pressibility compensation control allows 
adjustment when extremely accurate flow 
rates are required, and the wide dynamic 
range pulse damper keeps pulsations to a 
minimum. The prime/purge valve and 
Luer-type drain port, both conveniently 
located on the front panel of the Model 
220, make priming and purging of the 
pump a simple operation. Digital upper 
and lower pressure limits automatically 
stop the pump when beyond the set range. 
Circle No. 100 on Reader Service Card. 

@ A new HPLC absorption monitor with 
very high sensitivity (0.001 A for full-scale 
recorder deflection) is now available from 
Knauer. Its high stability is accomplished 
by using a low pressure mercury cathode 
and the unit features a microprocessor- 
controlled auto zero for the entire sentisivi- 
ty range. The detector also features a bright 
digital readout of absorbance for ease of 
operation. A wide choice of flow cells is 
available ranging in size for use in micro- 
bore through to preparative chromato- 
graphy. An accessory lamp is available for 
operation in the visible region of the spec- 
trum. 

Circle No.101 on Reader Service Card. 

@ The Gilson 401 dilutor is a micro- 
processor-controlled single syringe instru- 
ment which is user programmable in an 
easy conversational mode to store up to 99 
programmes with battery protection in the 
event of a power failure. It uses only four 
syringes to cover the range 0.2yl to 10ml 
with a maximum operating speed of 1.5 s 
using a stepper motor drive for high preci- 
sion and reproducibility, even with small 
piston displacements. Chemical inertness is 
assured by using a glass syringe with PVDF 
piston and ceramic valve. The five function 
keys directly address the basic program- 
mes; dilution, dispensing, pipetting, repar- 
tition, and link each with a capacity of up 
to 12 samples per programme. The 401 has 
been designed for use with automatic pro- 
grammable liquid handling procedures in 
clinical laboratories such as RIA, EIA, en- 
zymology, microbiology and serology. In 
addition it can be used asa slave to an exter- 
nal computor or other Gilson liquid hand- 
ling products such as the new sample 
preparation unit and sample changers in in- 
dustrial and research laboratories. 

Circle No.102 on Reader Service Card. 
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@ The multiple casting chamber, SE 215, 
is a new accessory to the Hoefer miniature 
slab gel unit, the Mighty Small SE 200. The 
SE 215 casts up to ten 1.5 mm thick gels 
simultaneously. Multiple casting of gels 
reduces preparation time and ensures 
uniformity in pore size and/or gradient 
shape. The chamber is made of sturdy 
acrylic and the front panel is removable to 
facilitate assembly and disassembly of the 
stack of gel sandwiches. Gradient gels are 
poured from the bottom. The unit comes 
with ten notched alumina plates, twenty 8 
x 10 cm glass plates, and ten sets of 
T-shaped spacers in each of three 
thicknesses: 0.5 mm, 0.75 mm, and 1.5 
mm. Combs are available for use with the 
SE 215. 

Circle No. 103 on Reader Service Card. 

@ The new “Economy” tray dryer from 
Labconco is a lyophilizer which performs 
bulk or batch drying. The drying chamber 
is made of durable fibreglass and a three- 
inch vapour outlet at the base of the 
chamber allows connection to a Labconco 
freeze dryer-18, -8 or -5. The chamber is 
equipped with three 12 x 12 inch interior 
shelves. Each shelf has a heater embedded 
in the underside with temperature probe 
and all shelves are adjustable to accom- 
modate various sizes of containers. The 
dryer is equipped with a separate shelf tem- 
perature controller and three probes 
provide accurate temperature control 
on each shelf. A vacuum bleed valve 
mounted on the side of the drying chamber 
provides controlled release of vacuum. 
Circle No. 104 on Reader Service Card. 





Labconco tray dryer (top left), Hoefer multiple casting chamber (top right), Scientific Sywtems 
solvent equipment (bottom left) and Chemitrex small orifice cleaners (bottom right). 
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© Chemtrix Inc. of Hillsboro, Oregon, ` 
has produced an intriguing range of devices — 
called SMORCs, standing for small orifice 
cleaners. The 4-inch short-handled 
SMORC features a pin vice tosecurelyhold 
fine cleaning wires and a hollow handle for _ 
storing the wires; it is ideal for cleaning re- — 
corder pens, syringe needles, burettes, 
valves and so on. The 10-inch, long- ” 
handled SMORC is designed to fit into — 
hard-to-reach areas for cleaning. Each 
instrument comes with three sizes of wire 
and a magnet surrounding the handle so it 
can be placed on steel machinery or 
cabinets to avoid loss. 

Circle No. 105 on Reader Service Card. 

© New from Labconco is a digestion unit 
which digests up to 25 samples in half the 
time of conventional methods. The Rapid 
Digestor will digest material such as feeds, 
grains, plant tissue, water effluent, organic 
wastes and food products for protein/ 
nitrogen determination. The Rapid — 
Digestor has 25 individual heaters con- 
structed of ceramic materials and these are 
encased in insulating material to prevent 
heat loss and assure low energy consump- — BF 
tion. A solid-state controlling unit — 
regulates temperature, and monitoring — 4 
lights indicate when the digestor reaches its e t 
preset temperature. The Rapid Digestor 
comes with a carrier rack for easy handling 3 
of digestion tubes and heat shields prevent 
heat loss when in place, and permit quick 
cooling when removed. A fume removal 
system is also available as an accessory rog . 
eliminate hazardous fumes. 

Circle No. 106 on Reader Service Card. 
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fractions to your 
chromatogram. 


Not to the clock. 


Program your collection 
by absorbance peaks, re- 
tention times, timed inter- 
vals, counted drops, or 
pumped volumes. You can 
even enter fraction size 
directly in ml if you have an 
ISCO WIZ pump. FOXY 
rejects void volumes, lo- 
cates and saves desired 
peaks, controls valves and 
pumps to make gradients or 
automate your system, and 
changes racks and volumes 
according to peaks or time. 
For HPLC, collect succes- 
sive injections without re- 
setting, and overlay re- 
peated injections of the 
same sample to collect 
identical peaks in the same 
tubes. The sloped key- 
board, 12-digit display, and 
logical programming make 
it all easy to do. ; 

To learn more, call toll- 
free [800] 228-4250. Or 
write ISCO, P.O. Box 5347, 
Lincoln, NE 68505. 
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@ Designed for use in clinical, biomedical, 
research, industrial and academic lab- 
oratories to supplement the familiar fume 
hood, Mystaire fume enclosures from Heat 
Systems-Ultrasonics return purified air to 
the room. This saves on heating and cool- 
ing expenditure, and, since no ducting is re- 
quired, also on construction and rebuilding 
costs. The system includes a primary 
mechanical filter stage with electrostatical- 
ly charged fibres to trap submicrometre 
particulates at an efficiency of 99.95%. 
The main filter is an activated charcoal or 
chemisorptive filter, or specially treated 
filters for radioactive iodine or mercury. A 
final polishing stage consists of carbon- 
impregnated cloth, and a brushless, spark- 
less motor drives the corrosion-resistant 
fan; all electrical connections are isolated 
from the airstream for safety. Two sizes are 
available and the enclosures may be car 
mounted for mobility. 

Circle No. 107 on Reader Service Card. 

@ The new Spectra-scope from Barnes 
Analytical/Spectra-Tech is a useful in- 
compartment instrument that speeds and 
simplifies sampling and viewing with FTIR 
spectrophotometers. With the Spectra- 
scope, samples of any substance from 
micro range to macro sizes can be mounted 
and viewed immediately in FTIR 
spectrophotometers, with no need for 
external detectors; samples do not require 
cutting or special preparation, in contrast 
to conventional microscopy techniques. 
Although only about 7 inches tall, the new 
sampler includes many of the high- 
performance features of IR microscopes: 
image masking, micro positioning, 
interchangeable reflecting objectives, 
flexible illumination, laser block and 
purge. 

Circle No. 108 on Reader Service Card. 

@ Two new models have been added to the 
Allen Datagraph 600 Series of portable, 
battery powered x/y recorders. The Model 
625 offers a built in x axis time base with 
eight ranges that allow YT recording. The 
Model 635 has the same time base plus 
calibrated offset controls for both axes. A 
1,000 count dial provides voltage offsets up 
to 100 scales depending on the range switch 
setting. This permits very small signals 
riding on large voltages to be recorded. All 
600 Series models feature English or metric 
calibration, battery or mains operation, 
rechargeable gell cell battery and a hysteris 
charging circuit. Twelve fixed recording 
ranges are provided with both modes. 
Circle No. 109 on Reader Service Card. 

® The World Precision Instruments 
model FD223 dual/differential elec- 
trometer, with high impedance, low 
leakage current and very low input 
capacitance, is particularly well suited for 
measuring potential with high source im- 
pedances, such as macro and micro ion 
selective and pH electrodes. Two miniature 
gold-plated probes with driven guard to 
minimize input capacitance and leakage 
current are included. 

Circle No.110 on Reader Service Card. 











Mystaire fume enclosure (top) and Spectra- 
scope from Barnes Analytical. 


@ PolyScience Corporation Chemical 
Division has produced a new analytical 
standards kit, containing fourteen naph- 
thenes — saturated cyclic paraffins in the 
boiling range 30° to 200°C. The substi- 
tuted cycloparaffins exist as cis and trans 
isomers which increases the number that 
can exist compared to substituted straight- 
chain paraffins. These compounds have 
the same boiling range as ‘‘full range 
naphthas’’ that are used in making 
gasoline. This kit, No.281C, together with 
kits 211C (n-paraffins), 221C (branched 
paraffins), and 251C (benzenoid), contain 
many of the compounds found in these 
naphthas. The new 281C calibration 
mixture contains equal parts (by weight) of 
n-pentane (C,) through m-dodecane (C,,) 
and are of the same boiling range as the kit 
compounds, With this mixture it is possible 
to assign Kovats numbers to be used in 
identification of unknown peaks. The 
liquids (2ml each) are sealed in glass 
ampules for shipping; labelled screw-top 
bottles are included for storing them after 
the ampules have been opened. 

Circle No.111 on Reader Service Card. , 
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@ Dapple Systems, Inc. has introduced the 
Autoscan scanning densitometry system 
for quantitative Autoradiography and the 
analysis of two-dimension films, filters and 
gels. A high resolution video camera coupl- 
ed directly to a light microscope or simply 
viewing a photograph produces the video 
image which is then digitized into 64 grey 
levels for analysis. Automatic measure- 
ment of spot location and brightness is ac- 
complished by setting discriminators to 
separate the spots from background. Alter- 
natively, irregular-shaped areas may be 
traced directly on the video monitor and 
these total areas scanned for brightness. 
Density is determined by comparing the 
measured brightness to a stored calibration 
curve. Statistical analysis of the area, 
perimeter and density of the outlined 
features js also possible. The system in- 
cludes a 128 Kbyte Apple Ile computer, 
dual floppy disk drives, monitor, dot 
matrix printer, video camera and cursor 
control touch pad. 

Circle No, 112 on Reader Service Card. 

@ With the introduction of the new 
AccuSpin and Accuspin FR centrifuges, 
Beckman Instruments, Inc. are bringing 
the latest technology to tabletop cen- 
trifugation. Digital controls and displays 
provide accuracy and show run conditions 
at a glance. Diagnostic messages appear if 
something needs attention. Programmed 
acceleration provides optimum acceler- 
ation speeds for fast sample processing, 
while offering a gentle start to protect 
gradients. A digital integrator allows 
precise speed control, accurate to 
10 r.p.m., with no overshoot. The 
refrigerated model, the Accuspin FR, has 
an advanced frost-free refrigeration 
system, which eliminates ice and water in 
the chamber. Safety features include self- 
seating rotor buckets, automatic door in- 
terlock, rotor imbalance detector and 
aerosol containment covers; these covers 
allow users to spin almost every size of 
laboratory tube with reliable protection 
from aerosols. Three rotors are available 
for the digital AccuSpin tabletop cen- 
trifuge: a horizontal rotor with four 
aluminium swinging buckets and two fixed 
angle rotors. The horizontal AH-4 rotor 
reaches speeds and forces to 4,200 r.p.m. 
and 3,200g; the fixed angle rotors reach 
4,900 r.p.m. and generate 4,800g-force. 
Circle No. 113 on Reader Service Card. 


® Vector Laboratories is now offering a 
new fluorescein labelled lectin kit, 
providing a panel of seven fluorescent 
lectins with a range of carbohydrate speci- 
ficities. This kit consists of | mg of each of 
the following lectins: Bandeiraea 
simplicifolia (BSL 1), Lens culinaris 
(LCA), Phaseolus vulgaris leucoagglutinin 
(PHA-L) and erythroagglutinin (PHA-E), 
Pisum sativum (PSA), Sophora japonica 
(SJA) and succinylated wheat germ 
(S-WGA). Each lectin is labelled with an 
optimal number of fluorochromes to pro- 
vide maximum staining. 

Cirele No.114 on Reader Service Card. 


Dapple densitometry system (top left), new filter from Sartorius (top right), and Micro-Plan II image 
analysis system from Laboratory Computer Systems. 


@ The Jouan Inc. C3000 ventilated and 
the CR300 refrigerated tabletop cen- 
trifuges combine high speed operation up 
to 6,000 r.p.m. and RCF of 5,840g with an 
1.8 litre capacity to process more samples 
per run. The high g force significantly 
reduces run time necessary to achieve 
separation. The centrifuges are available 
with either horizontal or fixed angle rotors 
and a full range of inserts, allowing cen- 
trifugation of tubes and bottles ranging 
from 250 microlitre to 450 millilitre. A 
special carrier is available for centrifu- 
gation of microtitre plates. Standard 
features include programmed accelleration 
and continuously variable dynamic brak- 
ing which allows the centrifuge to start 
gently, achieve speed quickly, and allows 
the operator to select braking rate thus pre- 
venting re-suspension of samples in even 
the most sensitive gradients. Safety 
features include an impact-resistant 
stainless steel guard bowl with no pro- 
truding sensors, a steel guard ring and a 
unique lid lock mechanism which prevents 
any operator from opening the lid while the 
centrifuge is in use. The imbalance detec- 
tion system automatically shuts down the 
unit in an imbalance situation. The 
refrigerated model has temperature control 
from 5°C to 25°C and uses a 1⁄4 h.p. true 
refrigeration system. Speed and tem- 
perature readouts allow operator to 
monitor actual values at all times. 

Circle No.115 on Reader Service Card. 

@ For small volume syringe clarification 
of both aqueous solutions and aggressive 
solvents, the Minisart-S filter from 
Sartorius offers convenience and reliability 
for HPLC and other work. The new filter is 
designed for minimum dead volume, high 
flow rates and absolute 0.45 micrometre 
retention. 

Circle No. 116 on Reader Service Card. 


®@ An addition to its Micro-Plan II image 
analysis system has been announced by 
Laboratory Computer Systems Inc. 
Statistical analysis software is now 
included with the Micro-Plan II for use 


with the IBM PC or PC/XT. The Micro- _ 


Plan II is a low cost, tablet-oriented image 
analyser that performs measurements such 
as length, area, centre of area, form factor, 
feret x-y, and maximum diameter of two 


dimensional features traced on the digit- — 


izing tablet. The software allows the Micro- 
Plan II user to analyse these measurements 
statistically and to create data files in 


special formats that can be used for — 


publication or read by Lotus Development 
Corporation’s spreadsheet program 1-2-3. 
The statistical analysis software will accept 
data directly from the keyboard, as well as 
from the Micro-Plan II, to allow corre- 
lation studies between morphometric 
measurements and other experimental 
variables. The software is provided as 
public domain source code so that it can be 
modified by researchers. The Micro-Plan 
II, in conjunction with an IBM PC or 
PC/XT, provides a flexible solution to 
quantitative image analysis problems. 
Circle No.117 on Reader Service Card. 


@ Kirby Lester announces the new 


Microlink modular interface for connec- 
ting laboratory and monitoring equipment 
to microcomputers. The system operates 
with IBM, Hewlett Packard, Apple, 
Commodore, Victor and others. Microlink 
consists of a mainframe with a power 
supply and IEEE 488 interface. Up to 18 
modules can be plugged into the system 
and there are currently 30 modules to 
choose from with 6 more planned this year. 
Included in the range are analog signal 
conditioning, high speed data acquisition, 
timers, and analog to digital converter, 

Circle No.118 an Reader Service Card. 
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A ©® The Jewett range of refrigerators pro- 
vides safeguards for explosion proof 
- Operations in critical applications. The 
_ models range from the more economical, 
_ which provide explosion safe capabilities, 
; to sophisticated units offering total explo- 
sion proof construction for any situation. 
_ These refrigerators are suitable for 
_ petrochemicals research, or in any situ- 
= ation where highly volatile substances are 
handled. Thin-wall design of the 
explosion-safe LR series models LR12C, 
= 17C, 37C, and 55C, increases storage 
= Capacity, while interior surfaces of 
_ 20-gauge stainless steel ensures explosion 
_ safe conditions due to non-sparking sur- 
_ faces and fixtures. These refrigerators are 
= available as custom-finished, upright 
models with single and double doors. 
Undercounter and wall mounted units with 
_ similar features are also available. Three 
- totally explosion-proof refrigerators, 
_ models ULSCE, LR12CE and RE200E, are 
also available, prohibiting combustion 
__ whether air inside or outside cabinets con- 
_ tains flammable vapours. Designed for use 
in hazardous locations, they feature 
_exterior-mounted fully ventilated con- 
_ densers, and automatic condensate 
= evaporators which eliminate the need for 
_ floor drains. All controls and wiring are ex- 
_ ternal and factory-sealed in approved con- 
_ duits and custom cast aluminium housing, 
P providing complete explosion proof pro- 
tection from sparking or arcing in electrical 
x wiring relays, thermostat switches or com- 
_ pressors. They are available in under- 
_ counter versions, 4.9 cubic feet, and single 
~ and double upright models, 11.8 and 21 
cubic feet. 
_ Circle No.119 on Reader Service Card. 
-© Boehringer Mannheim Biochemicals 
has expanded its endoproteinase line to in- 
= clude Glu-C (Staphylococcus aureus V8 
protease) and its specific chromogenic 
_ Substrate, carbobenzoxy-phenylalanyl-L- 
“leucyl-L-a- glutamyl- 4-nitranilide 
4 (CPLGN). This serine protease has become 
G a valuable tool in protein sequencing. In 
- ammonium bicarbonate buffer (pH 7.8), 
_ or ammonium acetate buffer (pH 4.0) en- 
= doproteinase Glu-C will specifically 
_ hydrolyse peptide and ester bonds at the 
carboxyl side of glutamic acid. However, in 
Be ence of phosphate buffer at pH 7.8, 
_ this endoproteinase will cleave at the car- 
_ boxyl side of both aspartic acid and 
~ glutamic acid. 
Circle No. 120 on Reader Service Card. 
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@ A new 1700 Series of Fourier transform 
infrared spectrometers has been introduc- 
ed by Perkin-Elmer. Based on a single high 
performance interferometer, the in- 
struments in the 1700 Series have special 
data handling capabilities. The spec- 
trometer itself uses an improved Michelson 
interferometer designed to compensate in- 
ternally for any effects of dynamic 
misalignment. The result is a highly stable 
system which is resistant to vibration and 
disturbances during a scan. Interferometer 
alignment is very simply carried out by a 
closed-loop servo system and is initiated 
from the control console. The standard 
spectrometer has a frequency range of 
4,400 cm to 400 cm? and a choice of 
resolution down to 2.0 cm. The resolu- 
tion can be increased to 1.0 cm“ by the ad- 
dition of an optional memory board. The 
noise level is good, making the 1700 Series 
ideal for difficult, energy-restricting 
samples. At around 2,000 cm” at 4 cm? 
resolution, the peak-to-peak noise level is 
better than 0.1%T for a 4-s measurement. 
The standard instrument has a second sam- 
ple position adjacent to the detector, which 
can increase the throughput by a factor of 
10 for samples that are highly scattering. 
Stability is a featue of the 1700 Series 
design. Both the air cooled source and the 
fast response DTGS detector are actively 
stabilised and the optical path is sealed and 
desiccated for high background stability. 
Circle No.121 on Reader Service Card. 

© Bio-Rad’s Aminex HPX-42A carbo- 
hydrate analysis column is dedicated to 
fast, high resolution analysis of 
polysaccharides. Packed with a 4% 
crosslinked silver form resin, asingle 300 x 
7.8 mm column can resolve glucose 
polymers as large as Dp-1l1 within 30 
minutes. The primary separation 
mechanism is size exclusion, although 
ligand exchange affects selectivites for 
monosaccharides. A single Aminex HPX- 
42A column provides excellent resolution 
of carbohydrate polymers up to Dp-11, 
and for better resolution of poly- 
saccharides greater than Dp-ll, two 
columns may be used in series. The use of 
two columns allows resolution previously 
only possible with gell filtration 
chromatography. 

Circle No. 122 on Reader Service Card. 

@ A new cryoscope, the Wide Range 
Cryette from Precision Systems, Inc. can 
determine freezing point of 2 ml samples in 
most solvents with freezing points in the 
range of - 6 to +22 C. These data can be 
used to determine molecular weights of up 
to 1,200, as well as to indicate the 
concentration of solutions. Freezing point 
is determined with precision of 0.001 C, 
which is sufficient for molecular weight 
determination of around 1% precision. 
The Wide Range Cryette is also useful for 
making quick checks of reagent and 
solution purity, and can save time in 
monitoring the output of a chrom- 
atography column. 

Circle No. 123 on Reader Service Card. 











A trace from the Bio-Rad Aminex HPX-42A (top) 
and the Perkin-Elmer 1700 infrared spectrometer, 


@ MicroCal’s new MC-2 differential scan- 
ning calorimeter utilizes two thermopile- 
driven feedback systems for ultra high sen- 
sitivity. Designed to operate over the 
temperature range from -20 to +110° C 
with dilute aqueous or non-aqueous sol- 
utions, the instrument is ideal for studying 
structural transitions of proteins, polynuc- 
leotides, lipids, and membranes. In addi- 
tion, an accessory cell is available for solid 
samples. The usable sensitivity is substan- 
tially improved over the earlier MC-1 
model; protein transitions often can be 
studied quantitatively at concentrations 
below 0.1%, lipid transitions at concen- 
trations below 0.01%, etc. The matched 
1.3 ml sample and reference cells are of the 
total-fill type with access only through ex- 
ternal filling ports. Cooling of the cells is 
accomplished by circulating fluid from an 
external bath through veins in the adiabatic 
shield. In conjunction with MicroCal’s 
DA-2 data acquisition and analysis system, 
the analog instrument may be interfaced to 
an IBM Personal Computer for automated 
operation, colour display of data, hard- 
copy printout, and data storage and 
analysis. State-of-the-art software also 
provides the capability for extracting ther- 
modynamic parameters for transition, 
curve-fitting to Van’t Hoff equations, and 
deconvolution of overlapping peaks. 
Circle No. 124 on Reader Service Card. 
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More public understanding 


Everybody approves of the public understanding of science, and next week’s meeting of the Britis 





Association should help to put the responsibility where it lies, on the scientific community. 


THE public understanding of science enjoys the kind of esteem 
normally accorded to the institution of marriage, or to 
motherhood before that went out of fashion. The general opinion 
is that it is a good thing, certainly a better thing than its absence, 
but opinions differ on what it consists of and even on what it is 
for. Yet, in a modest way, the question has recently become a 
lively issue in Britain, where the government startled its electors 
and even itself by declaring, at the Williamsburg economic 
summit in June 1983, that it would assume responsibility for a 
-study of the question. One tangible result is a committee of the 
Royal Society which hopes to report, later this year, on how the 
<- public understanding of science can be improved. Indirectly, the 
issue will also be rehearsed in the minds of those who attend this 
“year’s meeting of the British Association for the Advancement of 
- Science, ten days from now. 

The British Association’s meeting is relevant because it is one of 
the vehicles by means of which, in Britain, the good cause of 
understanding is advanced. That this should be so is a happy 
accident. Begun as an alternative to the Royal Society, then 
largely moribund, in the heady period when the Great Reform Bill 
(1830 and 1832) had established the principle but not the practice 
of universal suffrage, and when PhD meant only what it says, the 
association has fortunately survived as a scientific society to 
which anybody may belong. Like the annual meetings of 
comparable organizations in North America, India (the Science 
Congress) and Australia and New Zealand, the British 
Association’s jamboree isat once an occasion and an informal but 
not usually an exciting meeting at which the agenda is mostly 
about science and a means of amplifying some of the many things 
that are said. Its most valuable function is that it provides 
opportunities for scientists no longer working at the bench 
(perhaps because they teach in school) an opportunity to talk to 
people who still do, and also to bigwigs. In spite of the way in 
which the asociation’s officials have come to judge the success of 
their annual meeting by the number of column-inches devoted to 
it by the popular newspapers, the question whether it adds to the 
: public understanding of science turns on the way in which the 
ambiguity in that phrase is resolved. 


Misunderstood 
Each of the three substantive words in the phrase is used different- 
ly by different people, and none more so than ‘‘understanding’’. 
There is cause to suspect that much of the present enthusiasm for 
the study of the question springs from the conviction of profes- 
sional scientists, especially those in managerial positions, that 
they and their works are at present misunderstood in the sense that 
well-intended activities are not publicly applauded but, instead, 
regarded with suspicion, even hostility. The managers of nuclear 
power plants and pharmaceutical companies have been in the 
front line for many years, and may be forgiven for yearning for a 
state of grace among the general public in which the plaudits they 
consider they deserve would indeed be heaped upon them. 
Trouble has more recently descended on academic scientists (in 
= connection with genetic manipulation) and on computer 
-engineers (whose efficient machines nevertheless change the 
“nature of people’s jobs and sometimes get rid of them altogether), 
2 Wat yearning does not however deserve to be SANEL, The con- 








sistent overoptimism of the management of British Nuclear Fu 
Ltd (whose annual report is published this week) in the face of suc- 
cessive mishaps at its reprocessing plant in Cumbria, which has. 
done as much to set back the British nuclear power programme: 
anything else, would have long since led to the usual penalties fo: 
incompetence if the enterprise were a private company, not ana 
tionalized industry. So understanding does not, or should not 
mean compliant acceptance. 

“Science’’, similarly, means different things to differen 
people. It would be wrong to think that the British Government 
enthusiasm for better understanding could be required by, sa 
better appreciation of the subtleties of Newton’s Laws amo 
those who now believe Newton to have been some kind of 
lawyer. To the British Government just now, science is either 
synonym for ‘‘wealth-creation’’ or a name for the curriculum 
content of the university courses that prepare people to be 
‘Gnformation technologists’’, just as in India science means bot! 
“self-reliance” and ‘rural development”. Everyone’ should 
beware of these flimsy definitions. : 





Awareness 


Even what is meant by the public in the standard phrase must b 
looked at suspiciously. In countries such as Britain, the propo 
tions of the population which are actually taught at school o 
elsewhere about science and other technical matters are substan 
tial and growing. Given the present output of higher educatio 
five per cent or more of the adult population will in due course b 
technically qualified, many of them working in technicall 
related jobs together with perhaps four or five times as many pec 
ple who are formally unqualified. For such a population, sheer i 
norance of science is not a problem — although there are impor- 
tant pockets of society, such as the civil service, where the effects 
of long-standing unnatural selection need to be countered. 
Awareness remains a problem, however, which on the face of 
things bears out the government’s suspicion that the widesprea 
acceptance of new technology could be much more enthusiasti 

The difficulty is that it is no easier to win applause for, say, i 
formation technology by conducting propaganda on a narrow 
front than it is to train engineers without giving those concern 
an understanding of the roots of engineering in science. Eve 
cultivated societies such as the British could, with advantage, 
much more alert to the interest as well as the importance of col 
temporary science. Why is it otherwise? ; 

Over the years, the British Association has made a useful co 
tribution to this end, but the constraints on its success are tellin 
Although ostensibly a scientific society, and one designed for i in- 
formal communication between scientists and others, the associa- 
tion is administratively too cumbersome to be able to tell those 
who attend its meetings about the current excitement in research 

— last year’ s excitement is more easily stage-managed. The 

association is also a perpetual prisoner of the establishment, peo- 
ple whose own success as scientists was achieved in the days when 
more general participation in the transformation of society b 
technology was neither feasible nor — on the face of things 
desirable. 

The association is still rather old-fashioned and tundernoeat 
even by the standards of scientific societies. Part of the troub. 








the association’s endless | penury, which has made it depend on 

‘government hand-outs in the past decade, and has thus cramped 
_itsindependence. This year the association is taking a positive step 
-by launching a popular magazine.This move may give it a 
-necessary and welcome measure of freedom from past conven- 
: tion. Let us hope so. 


Understanding 
More generally, and in the context of the Royal Society’s in- 
-quiry into public understanding, there is also a need to break with 
“past conventions. Avoiding the sense of being wrongly 
misunderstood is too narrow a platform for reform, just as 
~ ceastigation of the public prints for paying too little attention to 
science — or for paying attention and then for getting it wrong — 
is the wrong place from which to start. In Britain, in contrast with 
the United States, the chief impediment to a better public 
“understanding of science is the reticence of the scientific com- 
munity, springing perhaps from its lack of conviction that a better 
“understanding is necessary. 
=: ` There is still a tendency to divert public curiosity by ex cathedra 
declarations, to assume that the most exciting developments in 
science are by definition too obscure to be widely shared, to 
behave as if telling a wider audience about new developments con- 
_ stitutes an offence against one’s peer group — and to be lazy. The 
ssumption in the United States that there will be no financial sup- 
port for research unless scientists take pains to tell the general 
public what they are about is probably false, and the practice of 
othe precept more probably a part of the sectional competition for 
‘funds in the ring of Congress, but the British community is, by 
comparison with the American, tongue-tied against its own in- 
erests. 

The case for changing tack is complicated. The avoidance of 
public discontent with innovation is neither feasible nor a 
legitimate part of what the scientific community should be doing. 
That is a task for governments and the managers of innovation, 
who must understand that true enlightenment about science will 
often make their task harder than it is by allowing a wider circle of 
people to know when new projects are being mismanaged. 
Similarly, it is not sensible to sound the case for more general 
understanding on the belief that democracy requires informed 

_ participation in technical decisions by the totality of voters — an 
informed opinion on the safety of nuclear power stations does not 
require first-hand knowledge of radiobiology. The simplest and 
most easily attainable benefit of a better public understanding 
- would be the banishment of superstition — mistaken beliefs in 
hings as different as astrology, the view that neutron bombs are 
ualitatively different from conventional nuclear weapons and 
ssertions that this or that change in the natural environment will 
pell catastrophe. That would be a negative gain, so to speak. The 
Ositive side of the coin, too often neglected, is that more general 
articipation in the sense of excitement in discovery is both a 
means of making sure that there will be future generations of 

Ople capable of and eager to make other discoveries and that the 
intellectual value of this important element of human activity will 

more generally enlivening. For the rest, public understanding 

science is like science itself — the course of events cannot be 
oretold, but their consequences are almost certain to be 
beneficial. o 


Living without coal 
Most industrial economies have become more 


flexible in their use of fuels since 1973. 

Tis nearly half a year since the coalminers of Britain came out on 
strike, and there is every sign that the bulk of them will continue to 
withhold their labour for at least as long again. Quite apart from 

he causes of the affair, which are at root political, the question 

1as inevitably arisen how it can be that a fuel economy such as the 
ritish, in which:coal has traditionally been the most important 
ource of energy, could possibly have'survived for as long as this 











without economic disaster. Is it possible that even fuel supply i is 





now more directly subject to pressure bens market Fokes thant 
used to be? 

First, of course, it is important that the coal strike began when 
there were substantial stocks of coal scattered around the 
country, especially at the electricity generating stations which are 
the principal consumers of this fuel. In aggregate, at the outset of 
the strike, there was more than enough coal in stock to keep the 
power stations going for half a year — since when there has beena 
long hot summer and a policy, inevitably expensive, of generating 
electricity from any fuel other than coal. It is also the case that a 
large part of the British coal industry, the Midlands coalfield 
which is a prolific source of low-quality coal, has kept working 
throughout the strike, causing great bitterness within the miners’ 
union in the process. The practical result, however, is that it has 
been possible for the National Coal Board to maintain supplies to 
its customers other than the electricity generating stations, and 
perhaps to add modestly to its stocks at the same time. Naturally, 
it will be very different when the winter comes when, on past 
form, the average demand for electricity will be doubled, but 
there seems no reason why, even then, the British economy should 
not get by with the help of imported coal (if the striking miners 
and their supporters were unable to prevent this from being 
landed). 

There are two important parts of the explanation of this state 
of affairs, of which the most immediate is the very great 
improvement during the past decade of the efficiency with which 
fuel is consumed. Most industrialized countries have responded in 
this way to the increases of petroleum prices beginning in 1973. In 
Western Europe, for example, the energy needed to produce each 
unit of Gross Domestic Product has fallen during that period by 
25 per cent. In the United States, the energy-intensiveness of the 
economy has declined even faster. The only surprise in these 
developments is that they appear to have happened with so little 
fuss. While governments have conducted campaigns to encourage 
awareness of the need for economy, what has mattered in the end 
is that people faced with the need to pay fuel bills have elected to 
ensure that they will pay as little as possible. 


Flexibility 

At the same time, the international market in energy has become 
more flexible. The oil company giants in the old days, locked into 
special relationships with particular producing countries, behav- 
ed conservatively. Now, like many others, they find themselves 
buying and selling cargoes of oil on the short-term markets based 
on Rotterdam and the Gulf of Mexico. These informal ar- 
rangements for trading oil have flourished partly because the de- 
mand for energy, especially in the Western democracies, has been 
depressed during the past decade’s recession, but there is no 
reason why they should not survive now that most economies are 
picking up again. 

In Britain, the economy’s capacity to survive without coal is 
further emphasized by the way in which there is also a tacit 
moratorium on the development of nuclear power. Although the 
present government announced soon after its election. in 1979 that 
it would support a ten-year programme of nuclear construction,’ 
in reality nothing has been done. In the mistaken belief that it was 
bound by its predecessor’s commitment to hold a public inquiry 
into any new construction project, the government agreed that 
there should be a public inquiry into the proposal to build a single 
pressurized-water reactor at Sizewell in Suffolk. This has now oc- 
cupied more than four years already — more than two years of. 
preparation, and eighteen months already for the formal inquiry, 
which cannot now be complete until the end of the year and could 
continue for many months yet. 

During the past few months, nuclear power stations have been 
generating 30 per cent of the electricity supply. If there had been 
more of them, the proportion would inevitably have been greater. 
The miners profess they are on strike because of a threat that jobs 
will be lost as uneconomic mines are closed. What they seem not 
to appreciate is that they are, by their strike, providing the 
strongest case there could be for thinking that coal is the least 


cece and flexible of fuels. + Oy 
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‘US election 









Heads you win, 


tails you win 


Prospects good for science 


Washington 
SCIENCE policy will not play a role in the 
presidential election campaign this year, if 
the two parties’ platforms are any guide. 
Last week at the Republican National 
‘Convention in Dallas, President Ronald 
Reagan’s party adopted a platform which 
devoted just four sentences to the subject, 
calling for a continuation of present 
policies and noting the 50 per cent increase 
_ in support for basic research that Reagan’s 
Administration has brought about. The 
only specific proposals in the platform are 
for an extension of the research and 
< development tax credit (which, according 
_ to the latest data, has actually done little to 
imulate. private investment in research; 
see Nature 23 August, p.615) and for an 
casing of anti-trust laws to allow 
-companies to collaborate on research. 
© The Democrats, who, as a rule, have 


tended to make public support for science | 


“their issue — albeit a minor one — find 
~ themselves at a loss for ammunition with 

which to launch an attack. 

“~The Democratic platform calls among 
-other things for an unspecified increase in 
“commercially rated’’ research and 
development, apparently.a reference to the 
one area in which the Reagan 
Administration has cut back applied 
research. It also includes some vague 
language about establishing a programme 
to:train scientists and engineers modelled 
on the Land Grant Act that created the 
state agricultural colleges and continues to 
provide them with an automatic annual 
handout: and some much vaguer language 
about fostering cooperation between 
academic and industrial researchers. 

The problem that the Democrats and 
their nominee Walter Mondale face is that 
the Reagan Administration has actually 
been very good to science. After faltering 

_ the first year (cutting the National Science 
Foundation budget and sending shivers 
down the spines of scientists who feared 
that. David Stockman’s axe would be 
turned on them), Reagan has been 
unfailingly generous to research — basic 
research, that is. 

Federal support for basic research was 
-> running at $5,000 million a year in 1981 
‘owhen Reagan became President; his 
proposed budget for 1985 provides for 
$7,900 million. The National Science 
Foundation has fared particularly well, 
receiving a 17 per cent increase last year and 

a 1S per cent increase this year. 

cco These gains for basic research have 

however, come at the expense of civilian 
applied research — overall, civilian 

















research and development has not grown 
under Reagan. The major victims have 
been the large energy demonstration and 
engineering projects that the Carter 
Administration favoured. The absolute 
gains have been reserved for defence, 
which has seen an enormous growth in its 
research and development. budget, from 
$16,500 million in 1981 to the $33,900 
million proposed for 1985. Still, by 
refocusing civilian spending on basic 
research, Reagan has apparently neutral- 
ized those in the research community who 
might otherwise be complaining that 
civilian research and development has been 
sacrificed for a defence build-up. 

Dr Frank Press, science adviser to 
President Carter and now president of the 
National Academy of Sciences, agrees that 
science is not going to be an issue this year: 
‘Both candidates are going to be extremely 
supportive of science’, he says. 

Mondale has picked up on several 
related issues that may show greater 
sympathy with the scientific community, 
however. In addition to pledging a real 











growth of at least 3 per cent per year fo 
civilian research and development and'a 
$4,500 million fund for a five-year modern: 
ization of university laboratories and 
research libraries, Mondale has in several 
recent statements rejected the Reagan. 
Administration’s efforts to clamp down on™ 
scientific communication. i 
Mondale says that the administration, 
“in its exuberance to restrict technical’ 
products and information to the Bast”’, has $ 
hurt the competitive position of US 
companies seeking to trade in the West 
And he has called for the minimum 
controls on open scientific discussio 
necessary for national security. Althoug 
the Department of Defense (DoD) recenth 
dropped plans to restrict publication of 
‘sensitive’, though unclassified, research. 
— plans that were strongly opposed by th 
research universities — the administration 
is continuing to close certain scientific. 
meetings under DoD sponsorship to non 
US nationals; and Washingto 
representatives of the universities ar 
convinced that a second Reagan term wil 
bring about a redoubling of similar effort 
to clamp down on the free flow o 
information. S7 
And of course sharp differences between 
the candidates emerge on science<in- 
society issues: space weapons, arms 
control, federal support for elementar 
and secondary education and environ 
mental regulation. 
Stephen Budiansk 





Databases 


Limited access to BIONET 


THE. cules for allowing access to the accom- 
modation of nucleic acid sequence data 
sponsored by the US National Institutes of 
Health (NIH) have now been made public 
by Dr Joshua Lederberg, president of the 
Rockefeller University, New York, and 
chairman of the National Advisory Com- 
mittee of BIONET. 

The database consists chiefly of two 
streams — data accumulated by the NIH 
project, which is managed by 
Intelligenetics Inc. and Los Alamos 
Scientific Laboratory, and data 
accumulating on the parallel database at 
the European Molecular Biology 
Laboratory in Heidelberg, West Germany. 

According to a statement by the 
BIONET committee, access to the NIH 
database will be open without charge to 
users at government and non-profit estab- 
lishments, but access by overseas users and 
scientific investigators working for com- 
mercial organizations will be considered on 
a case by case basis by the advisory 
committee. 

The plan is that applications for access 
(on a special form) will be accepted from 
qualified applicants until the system is full, 
“at which time...steps will be taken to 
remedy the situation’, The database can 


be reached through the CompuServe data 








network, which links the database with 
most major cities in the United States. 
Users will have access not merely to nucleo 
tide sequences but to libraries of computer 
programs developed for analysis and other 
purposes. 
As well as ordinary users of the data, 
applications will also be considered from 
people whose chief interest is collaboration 
in the development of the databank, 
chiefly through the design of computer 
programs. aay 
Just now, it seems, the Heidelberg data 
bank is something like one million nucle 
tides behind the accumulation in the 
United States, chiefly because of the ne 
to incorporate a mass of material recently 
obtained from the NIH system. Accordin 
to Dr G. Hamm, in charge of the Heidel 
berg database, these are still early days iz 
the use of sequence data — even thoug 
more than 2.5 million nucleotides ar 
included in the store at present. By his” 
account, while most investigators. still us 
the database as a means of comparing new 
sequences with those already known, and 
for searching for common elements in: 
variety of genetic data, there is increasing! 
an interest in using the database as a mean 
of identifying interesting problems still 
besolved. ; 



























US space research. 


La Jolla, California 
AFTER 15 years of coasting along with ill- 
defined goals, the National Aeronautics 
and Space Administration (NASA) is set- 
ting its sights on a future which may include 
areturn to the Moon. 
= Since President Reagan’s State of the 
Union speech in January — when he ap- 
proved the idea of a civilian space station 
and proposed his ‘‘star wars” defence 
~~ the agency has sponsored three study 
groups which asked ‘‘What should we do 
-after the space station is built in 1992?” 
~The first met at Los Alamos in April. 
_ Called the Lunar Base Working Group, the 
40 space experts in attendance concluded 
that the United States should return to the 
Moon. Their report to NASA, which will 
= pe released at a press conference in 
Washington, DC, in October, includes a 
list of scientific experiments that could be 
conducted on a lunar base. These include a 
radio telescope on the backside of the 
Moon which would not suffer electro- 
magnetic interference from Earth and a 
laboratory for exploiting the Moon's 
vacuum. 
- The second, working under the rubric of 
a ‘*Technological Springboard to the 21st 
Century”, met for ten weeks at the Califor- 
‘nia Space Institute in La Jolla. The 20 par- 
ticipants made their recommendations to 
NASA last week. It “makes sense”, said 
-the study’s leader David McKay, a geo- 
“logist at Houston’s Johnson Space Center, 
for the space agency to consider using lunar 
‘Materials for carrying out its future space 
missions. Whenever pioneers have ven- 
_tured onto new territories, Dr McKay said, 
the first thing they do is use local materials, 
If astronauts go to the Moon after a 
-space station is finished, the study group 
Said, they will inevitably start to become 
more self-sufficient and to rely less on com- 
junication with the Earth. Thus it is not 
‘00 early to think about planning a space 
programme that relies on resources found 
in.space. 
+> The group, half of whose members had 
n0 previous association with NASA, was 
ot, however, unanimous in this con- 
lusion. 
“Proponents of the space resources 
cenario foresee the Moon and the 
asteroids as ‘‘gas stations” in the sky. The 
‘Moon, they note, is half oxygen which can 
e extracted and liquefied. The asteroids 
re rich in water. Thus rocket propellant — 
quid hydrogen and liquid oxygen — is 
ere for the taking. Unprocessed regolith 
ean be thermally sintered for bricks, tiles 
d pipes. Carbonyl chemical processing 
‘ould turn out iron alloys. A solar furnace 
uld cook up-glass, ceramics, metals and 
three kinds of cement. 
Critics of this scenario rested their case 
on economics. ‘‘A lunar. base is a dead- 
Atd”, said Rocco Pazzolare of the Univer- 




















Moon beckons for NASA 












sity of Arizona. ‘‘It’s silly to put Manhat- 
tan on the Moon’’, said William Lewis of 
Clemson University. 

The Earth is a water planet, Dr Fazzolare 
said. It is abundant in hydrogen and oxy- 
gen. The problem, he said, is not to figure 
out how to mine the Moon but how to get 
resources out of the Earth’s gravity for less 
cost. Thus, he and others proposed that the 
American space effort should focus on 
“Big Dumb Boosters” to lift more material 
into orbit more cheaply. 

The third group is working within NASA. 
to analyse the many suggestions coming its 
way. The direction the space programme 












will take after the space station, they note 


will affect how the station should be built. 
As the station is now on the drawing board, 
planners want to know what comes next. 
At the La Jolla meeting, there were three 
reasons given for US space efforts — fear, 
greed and curiosity. The fear people said 
the Soviet Union might get ahead of the 
United States and that is reason enough to 
go. An expert on space law pointed out that 
American interpretation of space treaties 
says that whoever gets to the Moon first 
will have the biggest say in how it is used. 
The greed people said continued com- 
mercialization is inevitable and that it 
ought to drive NASA’s engines. Infor- 
mation is already big business and 
materials processing is soon to follow. 
Sandra Blakeslee 


Small space platforms favoured 


Washington 
A SCIENTIFIC advisory panel has strongly 
urged the National Aeronautics and Space 
Administration (NASA) to drop plans for 
including two large orbiting platforms as 
part of the design of the proposed space 
station (see above). The Task Force on 
Scientific Uses of Space Station recom- 
mended instead that NASA should develop 
a fleet of small platforms that could be 
tailored to the needs of individual experi- 
ments. Separate platforms could be 
pointed in different directions and would 
avoid the problems of interference and 
vibrations caused by combining many 
experiments on a single large platform. 
The task force’s recommendations come 
just one month before NASA is due to issue 
its request for proposals for an initial 
design and definition study for the space 
station. Dr Burton Edelson, associate 
administrator of NASA for space science 
and applications, assured the task force 
that its views would be taken seriously. 
NASA is known, however, to favour the 
concept of two large platforms; John 
Hodge of the space station programme told 
the task force that the large platforms 





would offer a more ‘“‘unified’’ approach to 
the station programme and would also be 
well suited to commercial projects, such as 
materials processing in space. One idea is to 
have one of the platforms orbit along with 
the station while the second travels in a 
polar orbit. 

The official estimate of the cost of the 
space station is $8,000 million. Task force 
members have suggested, however, that if 
the cost of scientific instrumentation and 
of launching the station are included, the 
true figure approaches $18,000 million. 
Congress has so far appropriated only $155 
million, for the initial design work. 

Other recommendations from the 
scientific task force include the 
construction of a “garage” within the 
station that could be used to assemble and 
repair satellites; construction of a separate 
module in the station for animal housing 
for experiments; and expanding to 10 the 
proposed 6-8 man capacity of the station 
to allow for six scientists. 

The chairman of the task force is Dr 
Peter Brinks of Stanford’s electrical 
engineering department. 

Stephen Budiansky 





Voodoo on the campus 


Washington 
For those who have forgotten that 
medicine is a young science, the University 
of Virginia is sponsoring a seminar this 
week featuring Dr Reinhold Voll, a 
German physician and the inventor of 
“electrodermal diagnosis?” (EDD). 
According to Dr Voll, EDD can detect 
“chronic and terminal disease’ by 
measuring skin resistance. A device, called 
the EAV Dermatron, is used to probe one 
of 850 acupuncture points on the skin that 
correspond to various internal organs, 
according to Voll, who has based his tech- 
nique on traditional Chinese medicine. 
The seminar is being held by the medical 
school’s Health Information Center, 
which, in announcing the seminar, felt 
compelled to include a modest disclaimer: 





“Admittedly, some of Dr Voll’s claims 
sound rather speculative to Western scien-. 
tific thought, such as the assertion of a 
direct relationship between acupuncture 
points and specific anatomical structures 
and physiological body functions, or 
EDD’s ability to test the efficacy and © 
tolerance of medication prior to its pre- 
scription. But then wasn’t it scientific 
speculation which led to the development 
of the telephone, light bulb, television, 
laser and transistor, to name but a few- 
inventions in our time?” 

No double-blind trials have yet been’ 
carried out on the technique. Physicians ` 
attending the seminar are, however, 
encouraged to bring along patients with 
“well established or uncertain diagnosis” 
to test it out. Stephen Buditnsky 














- Soviet education 


What prospects for reform? 


© NEXT Saturday, 1 September, the Soviet 
Union will celebrate its new ‘‘Day of 
Knowledge’’. Although the opening of the 
academic year has long been observed with 
special feature articles in the Soviet media, 
the raising of the event to the status of a 
nationwide festival is associated with the 
reform of primary and secondary educa- 
tion which comes into force next month. 

The new reform, aimed at bringing up 
young people to meet the challenge of the 

“scientific and technological revolution’, 
envisages three major changes. Com- 
pulsory schooling is to begin a year earlier 
— at six years of age rather than seven in 
most cases, and at five where, asin Estonia, 

0 the difficulties of the local language are 
considered to need an extra years’ 
schooling. There is to be a ‘‘resolute 

‘improvement’? of ‘‘military patriotic” 

education, preparing boys for their army 

=- service and girls for civil defence work. 

- Most important, the ‘“Leninist principle of 
a unified labour and polytechnical school’ 
is to be implemented so that all pupils 
from senior forms are involved in “labour 
training” in appropriate production enter- 
prises. 

Of these three points, the upgrading of 
‘“‘military-patriotic education” seems to 
have.crept into the resolution at a fairly late 

- “stage. (It was not mentioned, for example, 
in Pravda’s. account of the Central 
Committee meeting on 11 April which dis- 
cussed the resolution in otherwise consider- 
able detail.) The lowering of the school age 


is apparently necessary to allow the pupil to. 


absorb new scientific knowledge, as well as 
providing more time for labour-training 
and ‘‘military-patriotic’’ work. The labour 
training itself, however, has an air of déjà 
vu. Superficially it looks like a return to the 
Khrushchev era, when an over-zealous 
attempt to move classes from school-room 
to factory and kholkoz provided managers 
with a ready-made excuse for missed 
targets — that the children’s presence 
had interfered with production schedules! 
Part of the trouble with the Khrushchev 
scheme, it appears, was that nobody 
seemed quite clear whether the work 
. training was meant to prepare the pupils 
for a job, or was simply an ethical lesson.in 
the value and dignity of labour. This time, 
however, ‘labour training” is to be part of 
an improved programme of ‘‘vocational 
guidance”’, in which a production enter- 
prise, organization or institution will be 
assigned to each school, and must allocate 
to the children ‘‘equipment, workplaces, 
skilled cadres and raw and semi-finished 
materials”. 
Just how this assignment scheme will 
work is not easy to see. Leading party 
activists have reiterated that the aim of the 
reform is to turn out “‘polytechnically”’ 
trained young people, who can respond 



















rapidly to technological innovation 


without requiring major retraining. 
Assigning a factory to a school, however, 
suggests that the opportunities for 
vocational training afforded to the latter’s 
pupils will be limited. On the other hand, 
taking the children to the factory for an 
afternoon or so each week will not solve the 
problem of technical training facilities in 
schools, many of which, to judge from 
complaints in the Soviet media, are under- 
financed, ill-equipped and often housed 
in makeshift and unsuitable premises. 
The reform appears to have caught the 
educational profession somewhat 
unprepared. During the ‘‘public debate” 
which preceded the formal resolution, 
numerous class and head-teachers pointed 
out that the reform would demand new 













textbooks and syllabuses, and also: th 
training or retraining of additional staff. 
This would in its turn require a replanning’ 
of school budgets — no easy matter in thi 
middle of a five-year plan. Pedagogi 
colleges, in particular, were perturbed that. 
they would have hurriedly to revise their: 
teacher-training courses. 

Already, it appears, some doubts. ar 
being voiced as to how rapidly an 
effectively the new reforms can be carrie 
through, A meeting of the Politburo on 
August noted that “not all industria 
ministries and departments’ ha 
“genuinely” started to cooperate with th 
scheme. An All-Union teachers’ confer 
ence in Moscow last month noted thai 
under the present training scheme not mor 
than a quarter of school leavers use the 
labour skills they have acquired, with the 
implication that things may not be ver 
different under the reform. Vera Ric! 

















Japanese space research 


Halley probe on show 


which hydrogen atoms are released from 


Tokyo 

THE construction of Planet-A, Japan’s 
Halley’s comet probe, has just been 
completed and the satellite is now on 
display at the new Sagamihara Research 
Centre of the Institute of Space and 
Astronautical Science (ISAS), near Tokyo. 

Considerable excitement surrounds the 
completion of Planet-A, for it and the 
MSTS test satellite which will be launched 
before it will be the first satellites Japan has 
ever sent into deep space. ISAS, around 
which Japan’s independent, university-run 
space programme is centred, has always 
managed to keep launching scientific 
satellites on a small budget, and Planet-A 
has been cleverly designed to do as much 
science as possible while keeping payload 
weight to the minimum. Altogether the 
satellite will weigh just 138 kg and carry 12 
kg of scientific instruments. The launch 
vehicle will be a specially improved version 
of the three stage solid-fuel Mu3S which 
has already been used to put several 
satellites into Earth orbit. Addition of two 
strap-on boosters to a slightly larger rocket 
will give enough power to put Planet-A 
into orbit around the Sun. 

Planet-A will be launched around 15 
August 1985, after a further round of tests, 
disassembly, reassembly and even more 
tests have been completed, and will fly 
within 200,000 km of Halley’s comet on 8 
March 1986. Its major aim is to take 
vacuum ultraviolet (Lyman alpha line) 
images of the hydrogen coma of Halley for 
ten days or so before and after perihelion. 
Close to the Sun, volatile materials — 
principally water — will sublimate from the 
comet and be photodissociated to form a 
large hydrogen coma.around it. The images 
should help to explain both the processes 
of coma growth and decay and the 
importance of the various routes, involving 


formation of intermediate radicals, by 
































the water. To take images of the hydroge 
coma, the camera lens and the charg 
coupled device detectors should ideally be. 
mounted on a non-spinning platform. But, 
to avoid the weight of a complete 3-ax! 
control system and differential heating.o 
the satellite by the Sun, the satellite will b 
kept stably rotating at about 5 revolution: 
per minute (r.p.m.). While pictures.a 
being taken, a momentum wheel wi 
reduce spin down to about 0.2 r.p.m..an 
the image blur will be prevented by shiftin 
the image on the charge coupled device i 
synchrony with the spin. 

At the higher spin rates, a different set 
instruments will measure the interaction, 
the solar wind with the comet’s plasma ta 
and look out for turbulence produced: 
the tail and a coma by solar flare shock 
waves. This will be achieved by charged 
particle detectors for electrons and. ions 
designed to measure the distribution of the 
solar wind plasma within + 30 degrees 
the ecliptic plane as the satellite cruises 
towards the comet. i 

During this phase, simultaneou 
measurements of the solar wind from 
many probes as possible are desirable, : 
to help achieve this, clever use is to be mas 
of the MSTS test satellite. ai 

MSTS is to be launched in just four 
months’ time — on 5 January 1985 — a 
is principally designed to test the new 
launch vehicle, attitude and control 
systems and the communications link. But 
it will also carry plasma wave probes and 
instruments to measure solar wind. io! 
density and bulk velocity, and the 
interplanetary magnetic field. After 
launch, it will circle the Sun and then return 
to within 0.1 astronomical units of both 
Halley and Planet-A in March 1986. to 
complement Planet-A’s solar wi 
Measurements, Alun Anderty: 






















































Uranium Hima 
Soviet contract 
nobody wants 


THE French ship Mont-Louis, sunk in 60 
eet of water in the world’s busiest seaway, 
‘the English Channel, with a 250-ton cargo 
of uranium hexafluoride bound for the 
Soviet Union, is an embarrassment to 
Europe — not just for environmental 
easons (and the danger may anyway be 
uch less than has been claimed) but 
ecause nobody in Europe wants to carry 
n with the roughly thrice-a-year trade that 
e Mont-Louis was plying. 
"We tried to cancel the contract last 
year’, says Jean-Claude Magnac, sec- 
retary-general of the French nuclear fuel 
cycle company, COGEMA, “but the 
Russians wouldn’t have it”. 
The origin of the agreement in 1973 was 
that Europe seemed set for a vast pressur- 
ized water reactor (PWR) construction 
programme. PWRs need slightly enriched 
uranium (2-3 per cent) and Europe at that 
time had no major enrichment capacity. A 
cility, called Eurodif, was planned, but 
environmental opposition was so great that 
it was feared it might be impossible to con- 
Struct, says Magnac. So France, Belgium, 
the Netherlands and West Germany signed 
deal with the Soviet Union to enrich 
uranium that they would supply (as hexa- 
fluoride). 
The deal was for the Soviet Union to 
provide a certain amount of enrichment 
(measured in units called “swus’’, for 
“separation work units’’) over the period 
1973-85. But then came the embarrass- 
ment: Eurodif was constructed after all, 
while France and to a lesser extent Belgium 
were the only countries to go ahead with a 
large PWR programme. According to a 
spokesman for the Belgian utilities, “we 
just don’t need the Russian swus now’’. 
But the Soviet Union, during renegotia- 
jon last year, insisted on fulfilling the 
Original contract, to provide a certain total 
of swus. Since that seemed unlikely to be 
reached by the 1985 end-date envisaged in 
1973, this entailed actually extending the 
contract at a lower rate of supply — to 
1995, said the Belgian spokesman, until the 
iginal swu total is reached. Meanwhile, 
Eurodif is working well under capacity, 
hough less because of the Soviet supply 
han the shortage of European PWRs. 
Igian reactors, for example, have a 
emand for 650,000 swus a year, while the 
Soviet supply is less than a tenth of that. 
According to Magnac, the supply to 
‘rance is also a small proportion of French 
requirements. None of the trade involves 
enrichment to military grade levels, he 
ys, 80 there is no conflict with the nuclear 
ion-proliferation treaty, to which the 
soviet Union (but not France) is signatory. 
tis simply acommercial nonsense to which 
rope-is ied by a business contract. 








obert Walgate 


Medical education 


New “‘private’’ school to open 


BRITAIN’s first independent medical school 
will become a reality in September, after 
delays caused by problems in finding a suit- 
able site and, more seriously, a lack of 
funds (see Nature 304, 576; 1983). The 
Hunter School of Medicine, which will 
admit its first students in January 1985, isa 
non-profit making body with the status ofa 
registered charity. It will occupy the 
premises in London occupied until now by 
Bedford College, which has merged with 
Royal Holloway College, another college 
of the University of London. The Hunter 
School is to share the premises with 
Rockford College of Ohio in the United 
States. 





‘A Sense. of humour is essential— 
wait pili you 
see the fees 
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Supporters of the project feel that there 
are fundamental faults in the present 
method of selection and training of 
medical students that are unlikely to be 
rectified within the present teaching 
system. Because, they argue, universities 
admit students solely on the basis of 
academic standing, well balanced, broadly 
educated students able to communicate 
easily and sympathetically with their 
patients are ‘‘selected out” in favour of 
those more interested in medicine as a 
purely scientific discipline. Furthermore, 
courses are too information-oriented and, 
in wholeheartedly embracing the new high- 
technology medicine, have paid too little 
attention to the human aspect of doctor- 
patient relations. 

The new medical school will charge its 
students (30 British and 20 foreign each 
year) £7,500 in annual fees. This income 
will provide for the day-to-day running of 
the school while capital funds will come 
from charitable sources. A public appeal is 
to be launched to raise £5 million to buy 
buildings and provide scholarships and 
bursaries and there will be a student loan 
scheme. 

The Hunter School will attempt to select 
its students on the basis of a range of 
desired qualities including adaptability, 
personality, humour, a willingness to take 
on responsibility, a genuine interest in 
medicine and, of course, the ability to carry 
through an arduous programme of medical 


training. It is hoped that, by accepting only | 





students over twenty-one who have com- 
pleted some form of training since school, 
the task of selection will be made easier. 

The curriculum will involve the teaching 
of computer science, information tech- 
nology, ethics, psychology, medical 
administration, community medicine and 
other subjects commonly considered of 
secondary importance. The Hunter School 
takes the view that proficiency in these 
areas is vital to doctors working in sophisti- 
cated modern hospitals. 

As a new medical school (the first in 
London for a century), the Hunter School 
will need to have its courses approved by 
the General Medical Council, but it is 
hoped that by the time the first graduates 
emerge into the outside world, the qualifi- 
cations conferred by the school will be 
recognized. There is however, a European 
Community directive requiring medical 
teaching facilities to be supervised by a 
university, but Professor C.A. Pasternak 
of the Hunter School’s board of manage- 
ment, an advisory body, is confident that 
this should pose no serious problem since 
use will be made by the Hunter School of 
facilities at other teaching hospitals 
connected with universities. 

Marcus Chown 





UK medical research 


Funds scarce 


THE UK Medical Research Council 
(MRC), in common with its counterpart 
the Science and Engineering Research 
Council, is now in the distressing position 
of having to refuse funds for research 
judged by peer review to be of the highest 
merit, 

Applications for research grants are 
graded by the grant awarding bodies with 
an alpha, beta or gamma. Alpha research 
proposals are those to be supported “at all 
costs” and gamma denotes a proposal to be 
rejected outright. 

MRC figures show that the percentage of © 
alpha money approved (for research” 
programmes of three and five years’. 
duration) for the 1983-84 award session 
has dropped to just 53 per cent from the 
previous year’s level of 87 per cent. The 
money requested for alpha research 
proposals has risen in the intervening year: - 
from £48.7 million to £58.6 million, but 
only £31.4 million has been awarded ‘in 
1983-84 against £42.3 million the year 
before. 4 

In 1982-83, over 20 per cent of those. 
applications rated alpha by the Science and 
Engineering Research Council (see Nature 

26 July, p.267) were not supported whereas 

no alphas went without funds and many 

betas also received money until 1978-79, 
Marcus Chown 








¿= During the past few decades, he said, “ʻa 











P h geolo 


‘Government policy attacked 


A LEADING Polish geologist has called for a 
rethinking of the government’s attitude to 
one of Poland’s major natural resources — 
sulphur. Interviewed in the party daily, 
Trybuna Ludu, Dr Stanislaw Pawlowski, 
a member of the Polish Academy of 
Sciences, urged the need for legislation to 
govern the exploitation of mineral 
resources, and criticized current attitudes 
on the development of mining areas. 
a ai 


l Polish sulphur mine 


great number of irreversible errors have 
been made’’. 

Poland, according to the nineteenth 
century ‘‘father of Polish geology’’, 
Stanislaw Staszic, is “built on sulphur” 
but the vast reserves that form the basis of 
the modern sulphur industry were not 
found until the 1950s, although pre- 
liminary surveys started in 1937, and the 
resulting field data were secretly processed 
during the Second World War under Nazi 
occupation. 

Ostensibly, the Trybuna Ludu interview 
deals with Pawlowski’s role in the dis- 
covery of sulphur along the Zawichost- 
Kurdwanow dislocation along the Vistula 
river in the region of Sandomierz and 
Tarnobrzeg. Pawlowski, however, is con- 
cerned not so much with his discovery in 
1953 of vast sulphur beds at depths of as 
little as 15m but rather the bureaucratic 
difficulties which followed. 

Before the new sulphur beds were dis- 
covered, a project had been floated for the 
construction of a sulphuric acid works at 
< Gackie near Buska-Zdroj, using gypsum as 
` the raw material. Although this process at 
least three times as expensive as the pro- 
` duction of sulphuric acid from native 
sulphur, Pawlowski had a hard fight to get 
the decision-makers to change their minds, 
principally because they feared that the 
new beds would prove insufficient. Since 
then, the mood has changed and the abun- 
dance of sulphur has led to a somewhat 
careless attitude. The Basznia mine near 
Lubaczow, with an annual output of a 
< mere 20,000 tonnes, is officially considered 
- torbe of little importance (wrongly so, says 
_ Pawlowski) although a number of mines in 
the United States have outputs of this 
_ order. 

More „seriously, inefficient mining is 
_ causing the irretrievable loss of. usable 


















sulphur. The organization of mining work 
is far from satisfactory, says Pawlowski, 
and many tonnes of workable sulphur are 
being left in the ground to be lost forever 
because ‘‘tectonic, hydrological and other 
conditions are changing’’. 

Poland uses two methods of sulphur 
extraction. 
Grzybów and Jeziérko, a modern 
underground liquefaction process, using 
super-heated water, is employed, yielding a 


| high-quality product. The shallow beds 


discovered by Pawlowski, however, are 
worked by opencast techniques. Apolo- 
gists for the latter method have always 
stressed that operations are carried out 
with due regard for the environment, but in 
the sulphur town of Tarnobrzeg, for 
example, the trees have a sickly yellowish 
tinge and the air has a strong sulphurous 


Palaeontology 


Hungarian flint-mine found 


Budapest 

THE discovery of a palaeolithic flint-mine 
at Farkasrét (Wolves’ Field) on the 
outskirts of Budapest in Hungary seems 
likely to generate radical rethinking about 
the technology of the Mousterian era 
(30,000 BP). Although flint-mines and 
ateliers of this period are fairly common in 
Europe, the Budapest find includes not 
only flint shards left after the shaping of 
tools but also mining implements made 
from deer antlers. Similar picks and 
hammers have previously been found, but 
only from the Neolithic era. Indeed, since 
the form of the antlers imposes severe 
constraints on the design of such picks and 
hammers, Dr Veronica Gabori-Csank of 
the Budapest Historical Museum, who 
found them, assumed that what she was 
investigating was a neolithic deposit. Only 
on 21 June, the thirtieth day of the dig, did 
she discover among the implements a 
typical Mousterian hand-axe, apparently 
discarded by the artificer because of a flaw 
in the stone. Since then, other Mousterian 
flint artefacts have come to light, con- 
vincing Dr Gabori-Csank that the mining 
implements date from some 50,000 BP, 
from a temperate period before the 
Wurmian glaciation. 

The Farkasrét site has been known as a 
potential source of prehistoric material 
since 1969, when a deer-antler mining tool 
was discovered by a university student, but 
he neglected to mark the exact site, noting 
only that it came from a cliff alongside a 
surburban road. This lack of precision, 
and the somewhat. atypical nature of his 
find meant, however, that the site was 
neglected until early this year, when 
another implement was found in the 
exposed face of the cliff, and excavations 


were started. 


In the deep deposits at- 

















































smell, Pawlowski attacks t 

concept of the planning of Tarnobr 
which, he says, has been allowed to expane 
towards the mining area and ‘is ‘no 
surrounded on three sides, by mine- 
workings. : 
Pawlowski’s radical solution would be 
to give the town ‘‘a window on the west?” 
building a bridge across the Vistula, and 
constructing a new town on the west. bank 
where the inhabitants could enjoy “cle 

air, fresh water and uncontamin 
food”. At the same time, Pawlowski urg 
new environmental controls in sulphu 
mining areas, including the designation 
green belts. Geologists working on 
sulphur beds of the Osieka- Baranów 
region have, says Pawlowski, warned. 
the pollution threat inherent in working { 
deposits. As far as he knows, however, n 
action has so far been taken, even thoug! 
Baranów Castle, an important histori 
monument, would be directly threat 
Vera 


Examination of the exposed cliff fac 
revealed a cross-section of a former gulle 
now completely filled by detritus. Worki g 
in only a small section of this gulley, Dr 
Gabori-Csank has so far discovered fi 
eight magnificent specimens of. minin 
tools, which are now undergoing co 
servation treatment. The high quality « 
the specimens, however, has raise 
problems with carbon-14 dating. Althou 
the Nuclear Research Institute of th 
Hungarian Academy of Sciences a 
Debrecen would-seem the obvious place fo: 
such tests, the outmoded equipment ther: 
would require the destruction of some 1. 
kg of material. This Dr Gabori-Csan 
would be reluctant to sanction, particularl 
since the Mousterian finds provide str 
prima facie evidence of the palaeolit 
origin of the tools. Carbon-14 dating 
therefore have to wait until the coming. 
winter, when a slot has been reserved fo 
at a unit in Hanover, which will require th 
sacrifice of only a few grams. 

Hungary may be short of moder) 
equipment, but it is not short o 
enthusiasm. The new rector of Budapest’ 
Eotvos Lorand University, Dr: Joz 
Fülöp, is a geologist with a special interi 
in prehistoric flint-mines. 

In May, while still in his former post as 
president of the Central Geological Offi 
he arranged for the funding of 
geophysical survey of the site, which trac 
the course of the gulley for future 
excavations. In 1986, moreover, Budapest 
will host an international archaeological. 
conference on flint-mines, already 
arranged before the Farkasrét discoveries, 
It is now hoped that an on-site museum 
will be constructed next year and inau 
urated during the 1986 conference. ; 

Vera Ric 





























































R — That the comments on the 
deterioration of East-West cooperation in 
ence (Nature, 28 June, p.735) came from 
a political commentator of the Novosti 
ress Agency, Alexander Sapsai (9 August, 
p.446), and not, as one might have 
pected, from a Soviet scientist, is not 
fficult to explain. All issues of Nature 
ich discuss the problems of Soviet 
fence do not reach the libraries in Soviet 
search institutes, or the Central State 
snin Library in Moscow, or libraries of 
Academy of Medical Sciences of the 
SSR or any other specialized or repub- 
‘an academy in the Soviet Union. More 
an half of the issues of Nature for each 
‘ar are not listed in the libraries’ 
italogues, but are kept in ‘‘special 
yldings’’ where they can be read only bya 
few-scientists with special clearance. 

If Alexander Sapsai thinks that it is only 
S policy which is to blame for poor 
Operation in science between the East 
id the West, I would like him to explain a 
; disproportions. There were about 
000 Western biochemists at the 16th 
EBS Meeting in Moscow last June, 75 of 
em from Great Britain. However, there 
not a single Soviet biochemist at the 
3th FEBS Meeting in Israel in 1980. 
ertainly the Soviet officials consider 
rael as a special case — but these are 
litical reasons, that have nothing in 
ommon with the interests of science. 
‘here were about 1,000 scientists from the 
st at the 9th International Geronto- 
al Congress at Kiev in 1972. However, 
the 12th International Gerontological 
ngress in Hamburg in 1981, there was 
y one Soviet scientist, Professor Dmitry 
ebotarev, who is director of the Kiev 
astitute of Gerontology. All other Soviet 
ontologists who applied to participate 
id were in the programme were unable to 
nd. 

These disproportions I witnessed 
sonally, and I could give many more 
xamples. But that is not necessary. Every 
estern scientist knows how unpredict- 
le and unreliable is Soviet participation 
1 international congresses, conferences 
nd symposia organized outside the Soviet 
nion, even in East European countries 
uch.as Hungary, Romania, East Germany 
nd Poland. At the recent European 
Jongress of Gerontology in Budapest (1-4 
eptember 1983), only a few Soviet geron- 
‘tologists were able to take part, fewer than 
from Poland, Czechoslovakia or 
Denmark, not to mention France or 
‘Britain. 

The examples which Alexander Sapsai 
motes in support of the Soviet Union’s 
Ositive attitude to international 
cooperation in science and technology all 
involve high-level members of the scientific 
élite. At the level of younger scientists, the 
existing restrictions have been introduced 


by the Sovjet. side, more recentlyand | th 













ast-West relations 


irrationally by legislation. A special decree 


| in August 1982 severely restricted the 


scientific and other literature which could 
be sent abroad from the Soviet Union; the 
postal services were forbidden to accept 
books for mailing abroad without special 
permission. A second decree, passed in 
May 1984, made punishable most unauth- 
orized contacts between Soviet citizens and 
foreign visitors. 

The Andrei Sakharov case makes it 
absolutely clear that the Soviet 
Government can keep a prominent scientist 
silent and incommunicado, and can 
completely ignore the opinion of the 
world’s scientific community on the 
matter. Alexander Sapsai was proud to 
mention that the Soviet Union has 1.5 
million research scientists, ‘‘25 per cent of 
the world figure”. But how many of those 
1.5 million have ever met a foreign 
colleague, inside the Soviet Union or 
outside? I once tried to study the real level 
of Soviet scientific cooperation with 
scientists in other countries at the level of 
rank and file young scientists '. I found that 
the Soviet record was better than that of 
only two other countries — Albania and 
North Korea. ZHORES A. MEDVEDEV 


National Institute for 
Medical Research, 

Mill Hill, 

London NW7 1AA, UK 


I. Medvedev, Zh. A. Soviet Science, (Oxford 
University Press, 1979). 





Science in India 


Sir — The trouble with science in India is 
that it lacks a base. It is not possible to 
develop science when the whole educa- 
tional system from the primary school to 
the university is concerned merely with 
learning by rote to secure marks in order to 
pass an examination and secure a job. 
Science in India at best satisfies the in- 
tellectual curiosity of a small elite, which is 
itself divorced from the reality of the coun- 
try and its problems, and which looks to the 
West for cultural inspiration and kudos. 


For the vast majority, science is a means of | 


earning a living. In a highly competitive 
society, this means obtaining the highest 
possible paper qualification. This explains 
why India has the third largest number of 
scientists yet such a meagre scientific out- 
put. 

The scientific elite also ends up being 
frustrated because, having been trained in 
Western countries where the scientific 
culture is an integral part of society, it finds 
that very little can be achieved in a country 
where Western science is not part of the 
culture. This results in time being wasted in 
overcoming petty bureaucratic hurdles and 
delays, by all scientists from those in the 
Department of Science and Technology to 





Jocal head of an institution or depart. 





ment and the support. and. maintenance 
staff. 

A good scientist therefore eventually 
gives up the struggle and emigrates to the 
West if the opportunity arises. Failing that, ` 
he or she joins the majority whose ambition 
is to use science to better their social and 
financial status. These are the future direc- 
tors and heads of scientific institutes and 
departments in both the public and the 
private sector. For them, it is politics and 
not science that is the path to success. They 
lend themselves to being manipulated by 
politicians, bureaucrats and their own 
seniors. Not much can grow under the 
shadow of such banyan trees. A hierar- 
chical approach cannot stimulate the 
young; it only encourages a subservient at- 
mosphere that stifles independence and 
originality. 

It is therefore not surprising that the 
achievements of Indian science fall far 
short of what might be expected from the 
substantial inputs in manpower and 
finance. There is no shortage of problems 
for scientific investigation, nor is there 
anything wrong with the intelligence and 
originality of our young scientists, for they 
mature admirably in the West. It is time 
that India realized that the problem lies not 
with our scientists but with the infertile soil 
we have created in which no worthwhile 
science can grow. N. H. ANTIA 
Foundation for Medical Research, 

84-A R.G. Thadani Marg, 
Worli, Bombay 400 018, India 





Miracles 


SIR — Dr Sam Berry and others have not 
invited trouble as surely as the author of the 
leading article ‘“‘Miracles do not happen”? 
in Nature (19 July, p.171) who takes as his 
title a statement that Berry et al. have 
shown to be logically unjustified. 

As a scientist he can only say, as he 
rightly does, that since science operates by 
generalizations of our experience, miracles 
are by definition excluded from its sphere 
of enquiry. He cannot therefore logically 
conclude that they do not occur: this is a 
statement of faith, or a personal opinion 
based on atheistic belief. The claim that 


“miracles do not occur” is as unjustified «— 


in a scientific context as the claim that 
“evolution does not occur”’ is in a theolog- 
ical context. 

I believe that evolution has occurred — 
this is a scientific belief based on appro- 
priate evidence, and the subject is outside 
the bounds of proper theological study. 

I believe that miracles have occurred — 
this is a religious belief based on appro- 
priate evidence, and the subject is outside 
the bounds of proper scientific enquiry. 

Overstepping the bounds of science to 
argue against miracles is in my view as 
mistaken as unduly extending biblical 
authority to support arguments against 


evolution. JEREMY H. MARSHALL 
St John’s College, 


Oxford, UK * 
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Continuing doubt on gravitation 
The latest measurement of the gravitational constant does not improve the precision with which 
this important quantity is known. Is there a more radical approach? 


EMBARRASSMENT at the difficulty of 
obtaining an accurate value of the 
gravitational constant (G) has long since 
ceased to be a joke. So much is clear from 
A.H. Cook’s latest attempt at a measure- 
ment of G, now published (Y.T. Chen, 
A.H. Cook and A.J.F. Metherell, Proc. R. 
i: Soc, A 394, 47-68; 1984). Part of the joke 
is that Cook and his colleagues at the 
Cavendish Laboratory, Cambridge, set out 
to measure not G, the constant in the 
¿ inverse-square law of gravitational force, 
~but--departures from Newton’s law of 
-: gravitation. Their conclusion is that the 
-oinverse-square law holds even more 
_ precisely than had been thought, but their 
-implied value of G is hardly more accurate 
than that of their predecessors in the 
measurement of this most elusive constant. 

The position is quite tantalizing. 
Nowadays the strength of gravitational 
forces in the neighbourhood of substantial 

_ Masses such as the Sun or the Earth can be 
estimated with increasing accuracy. 
Measurement of Earth-satellite orbits, 
for example, can now yield the value of GM 
(where Mis the mass of the Earth) to within 

“one part in 10’, essentially the precision of 

- its distance measurements, But the value 
of G remains obdurately uncertain to the 
tune of one part in 10°. The consequences 
include enormous absolute uncertainties 
in, say, the mass of the Earth (see Nature 
302, 11; 1983). 

None of this diminishes the cleverness of 
what Cook’s team has been up to. In the 
‘trade, the measurement will be known as 
a torsion balance experiment, in the 
tradition begun by Cavendish at the end of 
-the eighteenth century which has the 
advantage that timing self-oscillations 
obviates the need to know the mechanical 
properties of the dispersion. In this case, 
_the beam of the torsion balance is a 60-cm 

aluminium tube suspended by a tungsten 

. fibre nearly a metre long and 75 um in 

© diameter: much of the effort underlying 


the experiment has gone into the annealing 


of this filament, in a process devised so as 
to eliminate dislocations from the crystal 
lattice and which occupies roughly one 
month for each fibre. The torsion balance 
itself has a spherical mass suspended from 
one end and is entirely enclosed in a 
vacuum vessel. Electric and magnetic fields 
are excluded by shielding. 

= ©: Making measurements with this system 
- iṣfar from being child’s play. The torsion 
balance i is fitted with a 3-m optical lever 












visting ofa beam, from an He-Ne Jaser 


whose angular deflection, detected by a 
photocell, can be measured to a millionth 
of a degree. To ensure the stability (and 
integrity) of the balance, there is a pair of 
electrostatic plates at the blind end of the 
balance beam and an electronic servo- 
system so as to provide appropriate 
negative feedback. 

Breaking with tradition, the Cambridge 
team has used as masses for deflecting the 
test-mass hanging from the balance beam 
neither spheres. (Cavendish) nor annular 
rings (Long, 1977) but cylinders, arranged 
with their axes parallel to the balance 
beam. The calculation is that such an 
arrangement should be relatively 
insensitive to displacements in the accurate 
positioning of the cylindrical masses along 
their longitudinal axes. 

Cook and his colleagues have been to 
some extent constrained in the design of 
their equipment by their underlying 
objective, to measure departures from the 
inverse-square law. For the past decade, 
there has been a train of speculation that if 
gravitational forces are ever to be explained 
as are the three other kinds of natural 
forces between material particles, by some 
mechanism entailing the mutual exchange 
of field particles of some kind, there. will 
be a small exponential correction to the 
inverse-square law at sufficiently small 
distances. D.R. Long startled some of his 
colleagues nearly a decade ago (Nature 260, 
417; 1976) by claiming that there are indeed 
departures from the inverse-square law 
corresponding to a characteristic distance 
of 2 m. Detecting such variations from 
ideality evidently requires substantial 
separations between the gravitating 
masses. The benefit is that Long’s 
characteristic distance has been pushed out 
to between 3 and 4 m. The snag is that the 
uncertainty of G implied by the measure- 
ments is greater than that of the most 
accurate measurement so far reported, that 
of G.G. Luther and W.R. Towler (Phys. 
Rev. Lett. 48, 121; 1982) — in their torsion 
balance experiment. _ 

Two general questions arise, of which 
the most immediate may be the difficulty 
of making substantially more accurate 
measurements. There are two long- 
standing obstacles to further refinement — 
the fact that gravitational forces are indeed 
much weaker than other kinds of forces, so 
that it is not possible to think of balancing 
gravitational and, say, electromagnetic 


forces in some clever electronic experi- 


merit, and the awkward circumstance that 





has recruited a small army of d 























































the gravitational force between two.masse 
depends on the product of the two 
measurements such as that of Coo) 
group, it is beneficial in some way | 
test-mass hung from the balance beam 
need never be directly measured, but ‘th 
consequence is that everything turns 01 
the ratio of the masses of two external 
objects, which boils down to.a problem 
macroscopic: metrology —. and*t 
assumption that the deflecting object: ar 
homogeneous and identical in compo: 
The time therefore seems ripe for 
radically new approach to: the design 
measurements of G. The temptation 
look for oscillating mechanical: syst 
where masses might be made measural 
by some resonance phenomenon shou { 
resisted; the mass of the supports. neede 
to keep an oscillating system stable wo 
probably dominate the measurement 
Levitating superconducting -obj 
magnetically would have the disady 
that they might be made into- 
dynamos. Bending beams of neutro 
might do the trick if it were possible 
measure velocity of momentum =w 
sufficient accuracy. i a 
Meanwhile, uncertainty about the 
rect value of G will persist. The interna 
ally accepted CODATA value is 6.6720 
0.0041 x 107! m? kg! s?. Georg 
Gillies, at the Bureau International. de 
Poids et Mesures, who has shouldered thi 
task of keeping track of G and -relatec 
measurements, points out that the thre 
most recent values claimed to have super 
accuracy (ofe part in 10°) differ amon 
themselves by more than any: of the stan 
dard deviations claimed. It will not be eas: 
to wring an agreed value from these mea 
urements, or even to look for a precision 
much exceeding one part in 5,000. 
_ According to Gillies’ latest review of i 
position, completed in 1983, there ism 
less doubt about other kinds of measur. 
ments made of quantities related to G 
From time to time, people have be 
concerned with questions as odd’ as 
permeability of other materials for. th 
gravitational force, the variation o 
gravitational force with condition o 
interacting masses and-even the tempe 
ature variation. Most of the results are, 
course, null results. There are signs 0 
life only in the question whether. G vari 
systematically with time, as first sugges 
by Dirac. The search for time variation 


but that is another story. John 





No introns in insect globin genes 


from Athel Cornish-Bowden 


ANTOINE and Niessing report in this issue 
of Nature (p. 795) that the genes coding for 
globins in insects entirely lack the introns 
hitherto regarded as a stable feature of the 
_globin gene family. In vertebrates, all of 
‘the known genes for myoglobin and 
haemoglobin are organized in the same 
way, with the coding regions interrupted by 
introns at positions that correspond exactly 
from gene to gene. Not only does this imply 
conservation of intron arrangement 
throughout the 600-800 Myr of vertebrate 

evolution, but the discovery (Jensen, E. O. 

et al. Nature 291, 677; 1981) that the leg- 
chaemoglobin genes of leguminous plants 

contain three introns, two of them corres- 

ponding with the two seen in vertebrates, 
implies a much longer period of 








-Despite the embarrassing existence of 
plant leghaemoglobin, the globins have 
until now been regarded as characteristic of 

vertebrates. Nonetheless, the twelve 
different haemoglobins of the midge 

Chironomus thummi thummi are clearly 
true globins. Their amino acid sequences 
agree with that of the -chair of vertebrate 
haemoglobin at about 16 per cent of sites, a 
degree of similarity that would arise by 
chance with a probability less than 0.01 per 
cent, and one that is not much less than the 

19 per cent identity between human 
myoglobin and lamprey globin. A possible 
way to account for the lack of introns in 
insect haemoglobin genes is by arguing that 
they are not true genes coding for proteins 

‘the normal living state but are ‘processed 
pseudogenes’ that are not expressed in 
yivo. Antoine and Niessing present experi- 

ental results, however, that would make 
this possibility highly unlikely. 

The stability hitherto apparent in the 
organization of globin genes in vertebrates 
is not observed in other gene families. For 

cample, human a,-antitrypsin and 
chicken ovalbumin are two proteins whose 
amino acid sequences show a clear relation- 

ip, but. whose genes have completely 
fferent exon—intron arrangements 

eicht, M. et al. Nature 297, 655; 1982), 
hich requires one to postulate either that 

introns have been inserted independently 
into the two lineages or that both have 
suffered deletion of introns from a 
common ancestral gene that contained at 
least ten. Current work by Nakanishi and 
co-workers (Tanaka, T., Ohkubo, H. & 

akanishi, S. J. biol. Chem. 259, 8063; 
1984) on the gené for angiotensinogen, 
another protein from the same family, 
provides additional information: although 
rat angiotensinogen resembles a,- 
antitrypsin considerably less than aj- 
antitrypsin and ovalbumin resemble one 




















afiother, its gene contains four introns 





located at positions that agree closely with 
the arrangement in the @,-antitrypsin gene. 
This result indicates that intron arrange- 
ment is not maintained unchanged forever, 
and that modifications to. the intron 
arrangement do not occur in step with the 
evolution of the corresponding proteins. 
The lack of introns in the genes for insect 
haemoglobins is not difficult to accept 
unless one is committed to the hypothesis 
of stability of globin genes. Evidence from 
other gene families certainly allows one to 
postulate that an ancestral gene may have 
contained three (or more) introns, of which 
three remain in the plant genes, but only 
two in those of vertebrates and none in 
those of insects. Although, at first sight, it 
might seem surprising that vertebrates 
apparently correspond better to plants 
than to insects, the number of deletions 
postulated is extremely small in statistical 
terms, and if three deletions are placed at 
random on the evolutionary tree relating 


| plants, vertebrates and insects the 











X y y 
about.a 65 per cent likelihood that at least 
two of them will fall on the part of the tree 
connecting the plants to the point of 
separation between vertebrates and insects 
(assuming, for simplicity, that the vert- 
ebrate and insect lines separated about half 
as long ago as the plant and animal lines). 

It may still be worthwhile to consider 
whether the leghaemoglobin gene might 
have been acquired by the leguminous 
plants much more recently than the 
evolutionary separation of the plant and 
animal kingdoms. The light-emitting 
bacterium Photobacter leiognathi carries a 
gene for a copper—zine superoxide 
dismutase that is clearly fish-like, though 
different from the enzyme of its ponyfish 
host (Martin, J. P. & Fridovich, I. J. biol: 
Chem. 256, 6080; 1981); thus, transfer of 
genetic information from a eukaryote to a 
prokaryote appears to have occurred 
during the period of symbiotic association. 
In view of this precedent, it can hardly be 
regarded as impossible for the leguminous 
plants to have acquired their globin gene 
from an animal original. g 





Athel Cornish-Bowden is in the Department of 
Biochemistry, University of Birmingham, PO 
Box 363, Birmingham B15 2TT. 





Developmental biology 


On to the vertebrates 


from Julian Lewis 


THE complexity of an embryo is the result 
of diversification and rearrangement: the 
tissues become subdivided into parts with 
different characters, and those parts move 
and become interwoven to form increas- 
ingly intricate assemblies. The body seg- 
ments of a vertebrate provide a good 
example. As the neural tube is forming 
along the axis of the body, the long slab of 
mesoderm on either side of it begins to split 
up into a series of little blocks, the somites. 
Later, each somite in its turn is partitioned 
to give the dermis of the trunk, the cartilage 
and bone of the vertebrae and ribs, and the 
skeletal muscle cells. While these muscle 
and connective tissue cells are 
differentiating, other cells, with other 
origins, move in amongst them. Spinal 
nerves grow out from the neural tube and 
the spinal ganglia, while invading 
endothelial cells create a network of blood 


vessels. The nerves and vessels, in theirown | 


periodic arrangement, mirror the 
segmental pattern of the somite-derived 
tissues. Any such structure created by 
assembly of components from different 
sources begs the question, how is the 
assembly coordinated? Does the somite 
segmentation dictate the neural pattern, or 
vice versa, or does some common factor 
cause the tissues to segment independently 
in parallel? Experiments on chick embryos, 
described by Keynes and Stern on page 786 


of this issue of Nature, give an answer to: 








this question, confirming the conclusions 
of Detwiler from his work on amphibians 
long ago (J. exp. Zool. 67, 395; 1934). The 
new findings at the same time throw light 
on another question that is deeper, subtler 
and more far-reaching in its implications: 
how is the physical pattern of segmentation 
in the mesoderm related to the pattern of 
intrinsic characters of mesodermal cells? 
The methods used are simple: a whole- 
mount stain for early embryonic nerve 
fibres, and the traditional embryologist’s 
technique of surgical rearrangement of the 
developing tissues. The first observation is 
that the nerve fibres always emerge from 
the neural tube at the level of the anterior 
(or cranial) half of each somite, and. 
proceed to grow out through this half of the’ 
somite only. If a portion of the neural tube 
is excised, before any axons have emerged, 
and is replaced with its anteroposterior 
(cranio-caudal) axis reversed, the pattern 
of nerve outgrowth is the same: the axons ` 
still pass out through the anterior halves of 
the somites. Thus, the sites of nerve out- 
growth are not determined by the neural 
tube, but by its surroundings. If, however, 
a portion of the somitic mesoderm. is 
excised and replaced in reverse orientation 
at a similarly early stage, the nerve fibres: 
emerge through the parts of the somites 
that are now posterior, but were anterior 
with respect to the original orientation of 
the mesoderm. Evidently the somites. 





impose a segmental structure onthe nerves. 
- Neurobiologists will ask themselves the 
“routine questions about factors controlling 
“axon outgrowth; but the observations are 
more remarkable for what they tell us 
about somites and segmentation. It 
appears that the anterior and posterior 
halves of each somite, even though they 
look similar and give rise to the same range 
of types of tissue, are non-equivalent: in 
Jonathan Slack’s phrase, the cells differ in 
their ‘secret names’. Evidently, the nerve 
fibres can sniff these names out. Somehow, 
the mechanism that makes the anterior and 
posterior halves different must be coupled 
to the mechanism that splits up the meso- 
derm into somites. Conceivably, the cleft 
between one somite and the next forms as 
the result of a confrontation between cells 
of posterior character at the back of the one 
: prospective somite and cells of anterior 
character at the front of the other. 
The really topical speculation, however, 
must. concern the parallel with- insects. 
“They: 160 are segmented animals; and in 
“them, too, it has been possible to show that 
each segment is subdivided into an anterior 
‘anid a-posterior compartment, containing 
¿cells that differ in their intrinsic character 
(Lawrence, P.A. Cell 26, 3; 1981; 
Kornberg, T. Dev. Biol. 86, 363; 1981). In 
the fruit fly Drosophila, as in the chick, the 
boundary between the anterior and the 
posterior portions is invisible to ordinary 
inspection, although it can be detected by 
~ the special techniques of clonal analysis. 
But the Drosophila work is far ahead in one 
crucial respect: a gene, named engrailed, 
whose expression marks the difference 
between the anterior and posterior cells, 
has been identified. Herein lies the 
excitement. So many of the genes 
controlling the formation of segments and 
the differences between segments in 
Drosophila have now been found and even 
cloned, that it seems we are at last on the 
verge of understanding how the DNA of an 
insect. specifies its body plan; and if 
developmental biologists working on 
insects have an ultimate goal, that surely is 
it. The problem is no less central for 
vertebrates, but there we know practically 
nothing about the genes controlling pattern 
formation. As readers of these columns 
will have noticed, however, a DNA 
sequence common to several homoeotic 
gene complexes in Drosophila has recently 
been discovered, and it turns out to 
resemble sequences present in vertebrate 
genomes (Struhl, G. Nature 310, 10; 1984; 
Slack, J. Nature 310, 364; 1984). This 
makes it tempting to wonder whether verte- 
brates might after all be homologous to 
insects in the molecular biology of their 
segmentation and hence in their most basic 
developmental principles. This week’s 
account of the paths of nerve fibres 
through somites in the chick may give a 
/little extra encouragement to that 
“Speculation. 





„Julian Lewis isin the Department of Anatomy at 
King S College, London WC2R 2LS8, 





Solar physics 


New lease on life for the Solar 
Maximum Mission 


from E. L. Chupp 


ON 24 April 1984 a major solar flare 
erupted on the Sun. Newly repaired and 
redeployed, the Solar Maximum Mission 2 
(SMM 2) satellite was in a perfect position 
— pointing towards active region 4474 — 
to see it. Several of the instruments on 


board observed this flare, which was the | 


largest seen by any SMM instrument since 
the satellite’s launch in February 1980. 
That the flare was successfully recorded 
would not be an exceptional feat were it not 
for the fact that it occurred less than three 
weeks after repair, in space, of the satellite 
and of two of its instruments. Indeed, 
the astronauts, the Goddard Space Flight 
Center engineers and the men at Mission 
Control in Houston, Texas, turned ‘almost 
failure’ into success. The disaster of losing 
the satellite was at one point imminent but 
a computer program gave the Solar Max- 
imum Mission an extended life. To ap- 
preciate the importance of this accomplish- 
ment, a review of the prospects for the re- 
newed Solar Maximum Mission is in order. 
In February 1980, SMM 1, a multi- 
modular spacecraft carrying seven ex- 
periments intended to observe the Sun, was 
launched from Cape Kennedy (Sky and 
Telescope, 199; September 1980). Equip- 
ped with a grapple-hook and a trunion pin, 
the satellite was designed for space shuttle 
retrieval. Moreover, the box-like units pro- 
viding power, commands and attitude con- 
trol of the spacecraft were replaceable, 
making feasible, for the first time, repair of 
faulty units in space. Although the primary 
purpose of these features was to create a 
retrievable and reusable spacecraft, when a 
pointing failure developed in the SMM At- 
titude Control System in November 1980, 
which meant that the four highly- 
directional telescopes studying ultraviolet 
and soft X-ray emission could not operate, 
plans to repair the satellite in space had to 
be put into operation. Three instruments 
continued observations until just before 
the repair took place. Repair was com- 
pleted this April, and six of the seven 
instruments on board are again operational 
(Sky and Telescope, 498; June 1984); 
Within three weeks of release of the 
SMM 2 satellite, bursts of solar X-rays 
were recorded by the hard X-ray burst 
spectrometer (HXRBS), which detects 
emissions from anywhere on the Sun. Since 
SMM 2 was not pointing its precision 
telescopes at the likely sources of these 
bursts, it was reoriented to point at a good 
prospect, solar active region 4474. Within 
minutes, at 2359 UT on 24 April 1984, a 
solar flare erupted, the most intense flare 
observed by SMM. and possibly the most 











i powerful ever recorded. The SMM. y-ray 

























































spectrometer (GRS), which records 
highest-energy emissions, measured. y- 
line fluences (time-integrated fluxes)” 
0.511 MeV and 2.223 MeV, from nucle: 
processes in the flare, which were >400 
>600 photons cm respectively. A 
pointed telescope measuring soft. X-ray. 
the X-ray polychromator (XRP), wasa 
to localize accurately the source of the flari 
emissions and detect flare X-ray lines 
broadened by turbulence early in the flare 
With its sophisticated set of instruments 
the SMM 2satellite is set to collect datat 
will lead to a new understanding of so 
flares. : 

The prospects for addressing other sig: 
ficant issues of solar physics wi 
repaired SMM are excellent, The ma 
scientific goal of SMM | was to-perfo 
coordinated observations of solar :flar 
with all seven instruments. This require 
that four highly-focused telescopes, record 
ing optical, UV and X-ray emissions; -b 
pointed in advance at the active region t 
might produce the flare. Near the period o 
maximum sunspot number in 1980; ther 
were many potential locations for flares 
and as there are no methods available t 
predict where the largest flare will-occur 
the four pointing telescopes frequent] 
missed the largest flares seen by. t 
HXRBS and GRS instruments, whict 
observe all flares visible on the solar di 
This was a serious concern because coi 
dinated observations are essential 
answer such questions as, how and w 
will a flare occur and, ultimately, how’ar 
the highest-energy emissions produced 
Because there are fewer sunspots now, i 
the declining phase of solar activity, SMM 
scientists have a much better chance’ o 
pointing the spacecraft at the best flare si 
On SMM |, the hard X-ray imaging spec 
trometer (HXIS) was the first to sense ar 
X-ray brightening, and gave a ‘flare alar: 
to the other instruments which then hom 
in on the flaring region and conducted 
planned sequence of rapid-fire obsery 
tions on a smaller field-of-view than ir 
nonflare observations. As the HXIS instru 
ment could not be repaired, the XRF 
will now provide the ‘flare alarm’. 

Several new approaches to studyin 
solar activity are possible on SMM 2, A 
particularly intriguing issue is whether.th 
nature of solar flare emissions changes dur 
ing the solar cycle. Three SMM in 
struments have been observing the Sun 
nearly continuously since February 1980, 
and have collected the largest data base on 
the Sun from any observatory in space. In 
the first three years of the SMM I ope 
tion, the HXRBS, which does not requ 






































































reci pointing, rder 
ares with photon emissions > 25 keV, 

most of which produced X-ray bursts in an 
uneven spiked manner. Some of the bursts, 
hich take on a slowly varying character 
fier 1 minute, seem now to be more fre- 
‘quent than in 1980. 

-o Observations of the detailed timing of 
“flare X-ray (XRP, HXRBS), y-ray (GRS) 
‘and ultraviolet (UVSP) emissions will give 
„insight into the geometry and nature of the 
emission processes. During SMM 1 in 1980, 

ultraviolet and X-ray observations were 
nade with ~ 1 s time resolution; on SMM 
they can be improved to within 0.1 s. This ac- 
curacy may permit SMM scientists to 
‘determine whether ultraviolet and X-ray 
‘emissions are a secondary result of a 
heating (thermal) process or a result of 
nonthermal) electron bombardment of 
“the chromosphere. The mechanism of 
_ generating the high-altitude coronal tran- 
‘sience, which often follows flares, and its 
“propagation in interplanetary space will 
also be studied, with the coronagraph 
polarimeter (CP). HXIS observations on 
MM 1 indicated that the chromosphere 
brightens at X-ray wavelengths just as a 
coronal transient emerges but before the 
associated flare is observed. In some cases, 
transients follow a major flare, while in 
others they are associated with eruptive 
prominences. This raises the interesting 
question of whether the impulsive flare 
causes all the associated phenomena or 
whether it is a byproduct of a more fun- 
damental process. A coordinated programme 
tO observe these prominence. eruptions, 
coronal transience, interplanetary and Earth 
effects will use several instruments on 
SMM 2 and other satellites and ground- 
based observatories. 

` The first accurate (to 0.005 per cent) 


‘Archaeology 


rom Richard Hodges 


DECADE ago the French historian 
rges Duby, in a wide-ranging appraisal 
f Early Medieval Europe, asserted that 
the feeble productive capacity’ of those 
mes ‘‘explains the abiding presence of 
‘amine, particularly in regions where men 
d adopted the custom of subsisting 
marily on bread’’!, Duby’s picture of a 
world of forests, primitive political 
lationships and impoverished agriculture 
was. founded on a few royal and monastic 
Much as he predicted, 


scientific base with which to examine Dark 
ge economics. Post-war excavations of 
ading emporia and villages in England, 
taly, West Germany and the Netherlands 
ffer new. scope for reconstructing life in 
he Dark Ages. Indeed, the great wealth of 
data now assembled in Wietske Prummel’s 
important monograph on the faunal 





long-term obs vations of the solar 
constant, by the active cavity radiometer 
(ACRIM) on-board SMM 1, showed that it 
declined by 0.04 per cent per year from 
February 1980 to July 1982. ACRIM has 
also shown that sunspots on the Sun’s disc 
cause a decrease in the solar constant, 
although it is a puzzle where and in what 
form the ‘missing’ energy reappears. These 
two observations will be studied further 
and can be compared with the new series of 
solar constant measurements initiated on 
Space Lab 1 (Science 225, 180; 1984). 

GRS observations of the highest-energy 
solar flares show that a large fraction of 
them recur with a period of ~ 5.5 months 
(Rieger, E. et al. Abstr. 25th Plenary Mtg 
of COSPAR, 64; 1984). There is also 
evidence that the flare radiation pattern 
>300 keV is anisotropic (Vestrand, W.P. et 
al. Bull. Am. astr. Soc. 16, no. 2, 475; 1984). 
Longer-term observations on SMM 2 
should reveal whether these features are 
characteristic only of the peak phase of 
activity before 1983 or whether they are a 
basic property of all energetic flares. 

In early 1986, SMM 2 will temporarily 
interrupt its solar mission and all its 
pointed instruments will be focused on 
Halley’s comet as it passes near the Sun in 
its perihelion approach. Never before has 
there been such an array of sophisticated 
instruments studying a comet, and the 
scientific rewards could be tremendous. 
Continued observations to the next 
maximum of solar activity (~ 7 years) may 
also be possible, and could produce further 
dramatic discoveries. Ci 





E.L. Chupp is Professor of Physics at the 
University of New Hampshire, Durham, 
New Hampshire 03824, and Principal 
Investigator for the SMM Gamma-Ray 
Spectrometer experiment. 





Diet in the Dark Ages 


assemblage from the recently excavated 
Dutch emporium of Dorestad challenges 
all Duby’s expectations?. 

The largest settlement west of 
Constantinople in AD 800, the great 
emporium of Dorestad lay at the junction 
of the rivers Rhine and Lek, and acted asa 
port, serving the needs of the Carolingian 
aristocracy in the middle Rhineland in the 
eighth and ninth centuries. About a quarter 
of the settlement (forty hectares) has been 
excavated by the Dutch State 
Archaeological Service+. The rivers were 
lined with wooden jetties, behind which 
were warehouses, and in the centre of the 
site was a large village. More than 10,000 
people must have lived here at its zenith 
when it was supplying Charlemagne with 
Anglo-Saxon and Scandinavian imports. 
Prummel’s analysis of the large faunal 
assemblage retrieved in the excavations 





pie 
Dorestad’: $ top apiy, potter 
jewellery . It confirms that this was no — 
shanty town full of aspiring peasants, buta 
community which managed its agricultural 
resources with eminent good sense. 

The traders, farmers and their families in 
Dorestad were far from the bread-line. 
Their diet was rich in protein, of which 30 
per cent came from the consumption of 
animal foodstuffs. Prummel’s statistical 
analyses of the archaeozoological data 
suggest that, on average, almost a third of 
the meat eaten in Dorestad was mutton and 
pork and 50-60 per cent was beef. Diet 
varied across the site, of course, with more 
pork being eaten in the village and more 
mutton being consumed by the merchants 
on the quayside. 

Very little meat, it seems, was acquired 
by hunting or fishing. Instead, Prummel 
estimates an average household possessed 
about 10 cows (including 3 milk cows and 2 
for slaughter), 10 sheep (2 producing milk 
and 2 for slaughter), 10 pigs (of which 3 
were slaughtered each year), 20 chickens (5 
laying hens, 6 for consumption) and a 
goose. A family of six to eight persons 
could have fared comparatively well on 
these animals alone. However, many of 
Dorestad’s citizens were probably either 
part-time artisans or seasonal sailors, 
owning shares in the long-distance trading 
boats and their ventures, and so could have 
supplemented their income with certain 
luxuries. Prummel suggests that some 
animal products might have been 
exchanged for fodder, though no study of 
the agrarian resources surrounding 
Dorestad is available to confirm this. 

At Dorestad, as at most Early Medieval 
sites, the signs of butchery are relatively 
rare. The animals were probably 
slaughtered in the emporium and dis- 
jointed on the spot. Many long bones were 
split longitudinally, possibly for their 
marrow, and many bones bear cut marks. 
The absence of smaller bones implies that 
the meat was stewed in the coarse earthen- 
ware cooking-pots of the time. Indeed, 
archaeozoologists are coming to the con- 
clusion that the Dark Age diet was dull, 
though rich in protein. In western Europe, 
it was only after the turn of the millennium 
that there was areturn to the earlier Roman 
tradition of jointing meat, possibly to meet 
the demand for a more varied tastier 
cuisine®, 

The animal bones from Dorestad and the 
comparable emporium at Southampton, 
and from Dark Age villages throughout 
Europe, challenge the primeval picture of 
Early Medieval life. Those at Dorestad gen- 
erally betray the age profiles and sizes of 
well-managed stock. A significant portion 
of the cattle, sheep and pigs was kept until 
3-4 years of age. The cattle were not the 
small thin creatures implied by some of the 
specimens found on north German and 
Viking-period sites at this time. Instead, 
they appear to have been stocky, owing 
something to their descent from the. well- 


managed herds of the Roman era’. The 
sheep and pigs, too, were comparatively 
< large animals by: Roman and Medieval 
standards. 

The patterns indicate a regulated 
agricultural cycle. This is not altogether 
“surprising as some Anglo-Saxon and Caro- 
“lingian laws indicate that kings were as 
much farmers as warriors, and concerned 
about legislation on crop-rotation and 
stock-breeding as it affected tributes in 
kind made each year to them®. 
Interestingly, the age profiles of the stock 
are much the same in the emporia as they 
are in the countryside. Clearly, a mixture of 
common sense, central authority and low 
taxes helped to sustain good standards of 
husbandry at all levels of society, This 
contrasts with the last days of Roman 
control not only in Italy’, but all over 


western Europe, by which time hi gh taxe 
in kind had effectively destroyed stock 
management. Oo 
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Control of translation 


Enzymes and toxins that regulate 
protein synthesis 


n from Mike Clemens 


DIPHTHERIA toxin and toxin A of 
Pseudomonas aeruginosa produce their ef- 
fect in eukaryotic cells by inactivating 
elongation factor 2 (EF-2), an essenial fac- 
torin protein synthesis. This protein of 
about 93,000 molecular weight catalyses 
the translocation of the growing polypep- 
tide chain from the aminoacyl-tRNA site to 
the-peptidyl-tRNA site on the ribosome 
each time an amino acid is added during 
chain elongation. The mRNA template is 
also shifted (by a distance of one codon), in 
a reaction that requires energy derived 
from the hydrolysis of guanosine 
triphosphate. Inactivation of EF-2 by the 
toxins is achieved by the transfer of a 
molecule of ADP-ribose from 
nicotinamide adenine dinucleotide 
(NAD *) to a modified amino acid on the 
factor, 2[3-carboxyamido-3-(trimethyl- 
ammonio)propylJhistidine!? (Fig.1), com- 
monly known as diphthamide. Synthesis of 
this amino acid involves post-translational 
modification of a histidine residue in EF-2 
by at least three enzymes?4, The assump- 
tion that diphthamide is not present in 
EF-2 solely for the purpose of allowing 
protein synthesis to be shut down during 
diphtheria infection is justified by recent 
results’. 
Lee and Iglewski report that polyoma 
virus-transformed baby hamster kidney 
cells (pyBHK) contain an endogenous 
ADP-ribosyltransferase with a similar 
specificity for the diphthamide residue. 
The enzyme from pyBHK cells appears to 
be functionally analogous to, but immuno- 
logically distinct from, fragment A of 
diphtheria toxin — the portion which has 
the mono(ADP-ribosyltransferase activi- 
~ ty. Similar enzymes may occur in a variety 
f other cell types since ‘Lee and Iglewski 









have also identified an: EP-2-specific mono- 
(ADP-ribosyl)transferase in beef liver. It is 
unclear whether these enzymes have any 
relationship to the cellular enzymes or 
microbial toxins capable of ADP-ribosy- 
lating other protein substrates, such as 
adenylate cyclase® or histones’, but the 
absence of diphthamide residues from such 
substrates suggests that the new ADP-ribo- 
syltransferases represent a separate group. 

Since ADP-ribosylation of EF-2 totally 
inactivates it (by inhibiting GTP- 
dependent translocation on the ribosome), 
it is possible that the enzyme identified by 
Lee and Iglewski has a function in the 
regulation of protein synthesis. Such a pos- 
sibility is supported by the observation that 
the covalent modification of EF-2 by the 
enzyme is reversible, at least in vitro in the 
presence of fragment A and nicotinamide, 
and by the fact that pyBHK cells also 
contain an endogenous inhibitor of the EF- 
2-specific ADP-ribosyltransferase5. The 
presence of this inhibitor presumably 
ensures that a catastrophic inactivation of 











































occur, Reversible covalent modification 
of protein synthesis factors by, for 
example, phosphorylation are implicated 
in translational regulation in a number o! 
cases®, although control of ‘protein 
synthesis is normally exerted at the stage o: 
polypeptide chain initiation rather than 
elongation. 
The subcellular distribution and activit 
of EF-2 changes in cells in differen 
physiological states. For example, there 
differences between exponentia 
growing and non-growing cells in cul 
Variations in EF-2 activity have. 
attributed to changes in the amount i 
elongation factor protein. However, sin 
quantification of EF-2 in those studies'w 
based on the number of acceptor sites 
available for diphtheria toxin-catalysed 
ADP-ribosylation, another look at the 
phenomena may now be warranted, Int 
light of the new data, it is possibl 
ADP-ribose may already have been prese: 
on a fraction of the EF-2.as a-result 
activity of the cellular enzyme, resultin 
an underestimation of the total EF-2 lev 
Whatever the role of ADP-ribosyla' 
of EF-2 in normal cellular physiology, it 
clear that the diphtheria toxin fragmen 
represents a further example of a microbial 
product which exerts its effects. 
mimicking a normal cellular control 
process and subverting it to its own.enid: 
Such a mechanism is consistent with: 
suggestion of Pappenheimer and Gill 
that the tox gene of the Corynebacteriu 
diphtheriae bacteriophage f , which codes 
for the diphtheria toxin, was original 
derived from aeukaryotic gene. 
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Gene conversion in the absence 
of reciprocal recombination 





from Gerald R. Fink and Thomas D. Petes 


THE analysis of gene conversion between 
repeated eukaryotic genes has revealed 
söme surprises about the basic rules of 
genetic recombination. Gene conversion is 
he non-reciprocal transfer of DNA se- 
uences from one homologous gene to 
another. When gene conversion events are 
detected between allelic loci in fungal 
genetic systems, approximately 50 per cent 
of the events are associated with reciprocal 
recombination for flanking markers. So 
‘compelling is this 50 per cent rule that it is 
mcorporated into virtually every current 
model of recombination. In higher 
eukaryotes, however, indirect evidence 
suggests that gene conversion events occur 
frequently but are not usually associated 
ith reciprocal cross-overs. We discuss 
below two genetic studies!*, published in 
this week’s Nature, which demonstrate 
hat recombination between some classes 
of-.repeated yeast. genes are conversion 
events that are not associated with 
reciprocal exchange. These and similar 
ibservations suggest that models of recom- 
bination in which gene conversion and 
eciprocal recombination are intimately 
lated may require re-evaluation. 
Gene conversion in fungi is typified by 
mon-Mendelian meiotic segregation in 
rhich heterozygous alleles A and a 
istribute 3A: la or-1A:3a@ instead of 2A:2a. 
‘The simplest explanation for conversion at 
he molecular level is that a DNA segment 
from one chromosome is transferred to the 
omologous chromosome, replacing the 
esident segment?4, This transfer of infor- 
ation occurs without loss of the segment 
used as a template. 
. Most of the evidence for gene conversion 
in higher eukaryotes has been obtained by 
NA sequence analysis of small families of 
eated genes whose sequences have di- 
erged (such as the genes encoding the 
moglobins, immunoglobulins and pro- 
ns of major histocompatability loci)**. 
r example, Weiss et al. found that a 
tant allele of the mouse H-2K® gene 
known as H-2K®™!) contained a clustered 
eries of changes in the middle of the gene; 
he same bases were present in the 
omparable position in the non-allelic 
-2L4'gene. Since the sequences flanking 
he H-2K>™! gene were unchanged, Weiss 
fal, suggested that the variant arose as a 
esult of a non-reciprocal recombination 
ent in which the H-2L4 gene may have 
led as the donor template. It has also 
een suggested’ that a high frequency of 
ene conversion between repeated genes 
ithin a family. of related sequences could 
count for the sequence conservation 
Wwserved in many repeated gene families. 




















Many geneticists are troubled by the 
analogy between recombination in higher 
eukaryotes and gene conversion in fungi 
because conversion in higher eukaryotes is 
apparently unassociated with reciprocal 
recombination, whereas fungal gene con- 
version events are associated with 
reciprocal recombination of flanking 
markers approximately 50 per cent of the 
time '®. If gene conversion events between 
repeated genes of higher cells were associ- 
ated with reciprocal recombination, one 
might expect that half the time they would 
give rise to chromosomal deletions, inver- 
sions or translocations. The absence of 
these chromosome aberrations in associ- 
ation with the non-reciprocal events docu- 
mented in higher cells leads one to think 
that gene conversion in fungi is a funda- 
mentally different process. 

Two papers in this issue describe gene 
conversions in yeast that are not associated 
with reciprocal recombination. Previous 
studies '° that established the 50 per cent 
rule dealt only with recombination bet ween 
alleles; the new work! concerns 
recombination between duplications on 
the same chromosome. 

Klein! reports on meiotic gene 
conversion between inverted duplicated 
HIS3 genes. She finds that intra- 
chromosomal gene conversions between 
the duplicated genes are not associated 
with reciprocal exchange. These data are in 
agreement with recent studies that show a 
lack of association between intra- 
chromosomal conversion of direct repeats 
and reciprocal exchange !!:!? 

In a second paper, Klar and Strathern’ 
describe mating type interconversions that 
occur in mitosis. The mating type switch in 
yeast involves a gene conversion-like event 
in which genetic information at either the 
HML or the HMR locus is substituted for 
the allele residing at MAT without the loss 
of the donor locus, Since HML, HMR and 
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„o [ethe:50 pet cent: rule does: not imply. a: 


nts onthe 
same chromosome, the mating type inter- 
conversions: are intrachromosomal gene 
conversion events like the meiotic 
conversions studied by Klein. Klar and 
Strathern report the striking result that 
although intrachromosomal mating type 
conversion is not associated with reciprocal 
recombination, conversion events between 
two MAT loci at allelic positions on 
homologous chromosomes show a signifi- 
cant association with reciprocal recom- 
bination of flanking markers. 

These results raise the possibility that 
there is a single unifying picture of gene 
conversion applicable to fungi and higher 
eukaryotes. The simplest view is that only 
recombination events involving two homo- 
logous chromosomes are constrained by 
the 50 per cent rule, whereas intra- 
chromosomal events (whether intra- 
chromatid or sister-chromatid exchanges) 
are free of reciprocal recombination both 
in mitosis and meiosis. Indeed, the gene 
conversion events observed in higher cells 
often appear to occur within multi-gene 
families located on the same chromosome 
and qualify as intrachromosomal events. 

Two of the experiments reported by Klar 
and Strathern do not fit exactly into this 
unifying picture. They show that HMR to 
MAT conversions are not associated with 
reciprocal recombination even when the 
two loci are on different chromosomes. 
This result argues against a simple 
dichotomy between intrachromosomal 
exchange and exchange involving two 
homologues. Klar and Strathern argue that 
it is the extent of sequence homology that 
determines whether a conversion event will 
be resolved as a reciprocal recombination 
event; Carpenter has made a similar 
suggestion to explain Drosophila 
recombination data. By this view, in both 
intrachromosomal conversion events and 
conversion events involving homologous 
chromosomes, when there is little 
flanking homology, there will be little 
reciprocal exchange. Yet Klar and 
Strathern find conversion events associ- 
ated with unequal sister-strand reciprocal 
recombination even where there is no 
extensive flanking homology. Moreover, 
other yeast studies '*-'* have demonstrated 
mitotic conversion between repeated genes 
on non-homologous chromosomes asso- 
ciated with reciprocal recombination. h is 
possible that some of these disparate results 
were influenced by the unusual genetic 
constructions required to study the 
conversion event or the sequence of the - 
interacting alleles. ; 

Despite these apparent contradictions, 
there is now clear documentation of gene 
conversion unassociated with reciprocal 
recombination in both mitotic and meiotic 
cells of yeast. Removal of the obligatory 
association between conversion. and: 
crossing-over should have a salutary effect 
on the whole field of recombination. We 
are now free to consider the possibility that, 















“mechanistic association between conver- 
sion and recombination. Perhaps these are 
two fundamentally different events. The 50 
percent association could be merely that — 
an association between two different 
events caused by the highly recom- 
binogenic nature of the substrate. Whether 
it.is the topology of the interaction, the 
extent of homology, the sequence of the 
interacting genes or a combination of these 
factors that determines whether a 
reciprocal recombination will occur 
remains a question for future research, ©) 
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Mathematics 


Three conjectures in one blow 


from fan Stewart 


ALTHOUGH it may not always be apparent 
to the casual observer, a great deal of 
modern mathematics is inspired by the 
time-honoured problem of solving 
equations, particularly those defined by 
polynomials. Early work on curves and 
surfaces defined in coordinate form by 
such equations led to the flourishing field 
of algebraic geometry; the problem of 
solving the equations using only whole 
numbers led to Diophantine analysis and 
algebraic number theory. It might be 
expected that the subject would by now 








100 years ago 


WATER BELLS 


THE accompanying design (from La Nature) 
represents a water bell, the invention of M, 
Bourdon, of more transparent and complete 
effect than those hitherto produced. 

The bell to which we here call attention is 
distinguished by the way in which it causes the 
liquid vein to expand as soon as it reaches the 
orifice of the ajutage. Instead of making it strike 
against a metal plate, the surface of which, 
however carefully polished, always betrays 
some iniperfection, M.E. Bourdon brings an 
antagonistic column of water to bear on it, so 
that the jet expands and falls into the basin, 
forming a bell as clear as crystal and impervious 
enough to cut off all communication between 
the interior and circumambient air. 

The pipe conducting the water from the 
reservoir ends in a truncated form of nozzle, of 
about 12-degrees of angular opening, in such a 
way as to make all the threads of water converge 
towards the middle of the jet. Over this is placed 











concentrically to the truncated nozzle a glass 


tube of about 20 cm. in length, and of the same 
interior diameter as that of the orifice by which 
the water rises from the reservoir. 

The apparatus so arranged and the basin filled 
with water to the level of the overflow, the cock 
will be gently opened, and the water traversing 
the interval between the ajutage and the tube will 
rise a few centimetres high in the latter. A ball of 
ovoidal shape will then come to view. By 
opening the cock very slowly its diameter will 
gradually enlarge till the bell assumes the form 
of a hemisphere. At this point let the opening of 
the cock be reduced a very little, and the bell will 
change its shape; its rim will become lowered to 
the plane of the water of the basin, and its profile 
will show a bell similar to the gardener’s bell 
glass. 

By placing a very thin copper wire vertically 
towards the top of the bell, a vertical incision 
may be made in the bell, parting it into two 
separate sides. Through the gap thus formed, a 
statuette, alighted candle, or a cage containing a 
bird, may be introduced inside the bell without 
wetting it. The tubes hitherto used have not ex- 
ceeded 20 mm. in diameter; but by employing 


apparatus of much larger dimensions, water, 


bells of from 3 to 4 metres in diameter might be 
produced just as perfect.as those of from 60to 80 
centimetres, and under which people might walk 
about or lounge at pleasure. 

From Nature 30, 408, 28 August 1884. 









































have been studied to death, but the reverse 
appears to be true: after some five centuri 
of work we are only beginning to glimpse 
the wonders concealed in its hitherto 
murky depths. 

In any mature branch of mathematic: 
that is not played out, there will be 
number of plausible guesses -- usual 
dignified as conjectures — about the w 
the subject should fit together. The proo 
of a notorious conjecture is one of the most 
celebrated mathematical events... 
establishes the merits of new methods and 
the abilities of new mathematicians; 
dispels confusion and makes previously 
intractable problems look easy. It 
understandable, therefore, that th 
mathematical world should be unust 
excited by the vanquishing of not on 
three important conjectures at’ a 
stroke (Invent, Math. 73, 349; 1983). T 
dragon-slayer in question is the. youn 
German mathematician Gerd Faltings: t 
conjectures bear the names of Morde 
Tate arid Schafarevich. Almost in passin 
the results deal a severe (but not qui 
mortal) blow to the most notorious W 
solved problem: Fermat’s Last Theorem 

Pierre de Fermat stated (without pro 
in a marginal note) that the equation a” 
y" = z” has no nonzero solutions.in who 
numbers x,y,z, whenever n = 3. Madi 
the mid-seventeenth century; ţ 
statement remains unproved — although: 
is known to be true for the first. 
hundred thousand values of n. A simp 
corollary of Falting’s new work is that fi 
= 3, there are at most a finite number 
solutions to Fermat’s equation. This is th 
first time anyone has proved a sign 
ficant fact about Fermat’s equation thal 
is true for all values of n, and it raises hope 
that a complete solution may be found... 

To see the connection with algebra 
geometry, observe that the Ferma 
equation can be written as X” + Y" = 1, 
where X = x/z and Y = y/z. If xyz 
whole numbers, then X and Y are ratio 
-~ and vice versa. Hence Fermat’s L 
Theorem is equivalent to the statement t 
the plane curve X” + Y" = | contains n 
points (X,Y ) with rational coordinates 
Thus, it is a problem about the arithmet 
of curves. 

Associated to any curve is a topologies 
invariant called its genus. Roughly, by 
allowing the variables to become comple 
numbers, the set of solutions can be 
extended to form a surface embedded in a 
two-dimensional complex . space. 
Topologically, any such surface is just: 
multi-holed doughnut, and the genus is t 
number of holes, For the Fermat equation, 
the genus is '2(n~1)(n-2). 

In 1922 L.J. Mordell conjectured th 







































t is, not factorizable) 
\omial equation in two variables, of 
enus 2 or more, could have only a finite 
mber of rational solutions (Proc. 
Sambridge phil. Soc, 21, 179; 1922). He 
id so on the most slender evidence, and for 
long time the conjecture was considered 
be just one of those things that would 
jake the world nicer if it were true — but 
‘Ould just as easily turn out to be false. For 
example, the finiteness result for Fermat’s 
Last Theorem follows immediately, since 
he genus '4(n-1)(1~2) is at least 3ifn = 4, 
ind the case n = 3 was proved by Euler in 
bout 1738. In 1968, however, the Russian 
mathematician A.N. Parshin (Math. 
SSR Izvestija 2, 1145; 1968) showed that 
Mordell’s conjecture would follow from 
another conjecture due to ILR. Shaf- 
arevich, about the behaviour of equa- 
tions under ‘reduction modulo a prime’, 
and that conjecture was more plausible. 
Faltings has proved the Shafarevich 
onjecture -- and hence also that of 
Mordell — by a massive mobilization of the 
vailable machinery of algebraic geometry 
ugmented by some crucial new ideas of his 
ywn. Treading an established path, he 


generalizes the p 
higher- aa objects known as 
abelian varieties. He introduces a measure 
of the complexity of such a variety, named 
its height, and finds a formula describing 
how the height changes if the variety is 
replaced by a different but similar one 
(resulting from a technical operation 
known as an isogeny). One implication of 
this formula is a conjecture due to J.Tate 
(Invent. Math. 2, 134; 1966) about 
mappings between abelian varieties. 

The road to a finiteness result is now 
open: first, show that only a finite number 
of the relevant objects have a given height; 
and second, show that the heights them- 
selves are bounded by some definite upper 
limit. For the Shafarevich conjecture the 
relevant objects turn out to be ‘principally 
polarized abelian varietiesof a givendimen- 
sion having good reduction except for a 
given finite set of primes’. The finiteness is 
established using yet another series of con- 
jectures, made by André Weil, and proved 
by Pierre Deligne in the late 1970s. il 
lan Stewart is at the Mathematics Institute, 
University of Warwick, Coventry CV4 7AL, 
Warwickshire. 








































Neurobiology 


from Jennifer Altman 


London Spinal Cord Club is unusual 
as its membership is based on an interest in 
he tissue investigated rather than the 
academic disciplines of the investigators. 
ts recent symposium* reflected this in the 
wide range of approaches and techniques, 
from cDNA probes and voltage-clamp re- 
rding to studies on clinical patients. 
Two very different conceptual ap- 
‘oaches were in evidence: on the one hand 
reduction of the system to its minimum, 
g tissue culture, tissue slice or isolated 
preparations for intracellular 
cording, and dealing with the physiology 
pharmacology of single units; on the 
er hand, a move back towards studying 
pulations of neurones in situ. The first 
yproach is necessary for studying the 
embrane effects of putative transmitters 
Mayer and G. Westbrook, NIH, 
thesda) and the interactions between 
ugs, transmitters and receptors (A. King 
et al., St Bartholomew’s Hospital, 
ndon). Isolated cord preparations have 
also ‘been used for examining changes in 
ectrical properties of rat sensory 
tones as they mature (B. Fulton, 
University College, London) and for 
tifying abnormal neurone functions in 
ë spastic mouse mutant (T. Biscoe and 
: Ducher, University College, London). 
ich studies.do little, however, to advance 
r understanding of how the spinal cord 





t aävances invibe spinal cord’: a Brain Research 
a symposium, held at the Centre for Neuroscience, 
College London, 6 + 7 July 1984. 








ross-section of the spinal cord 


works as a system, integrating inputs to 
produce defined and precise motor 


outputs. It is here that the whole-animal | 


investigations are essential, and modern 
neuroanatomical and neurochemical 
methods of tracing and mapping neuronal 
populations are proving powerful tools for 
this type of analysis. 

Numerous populations of neurones can 
now be identified because they contain 
specific marker molecules, including 
enzymes and peptides. The development of 
cDNA probes for tissue-specific sequences 
(J. Dickson ef al., Institute of Neurology, 
London), now in its infancy, promises to 
be an important tool for characterizing 
neurones. But the question of the func- 
tional significance of the markers remains 
open. A link between histochemistry and 
function has been found for glycogen 
phosphorylase (C. Woolf et al., University 
College, London), the active form of which 
is found only in stimulated neurones and 
therefore identifies active cells. However, 
in the case of peptides identified in primary 
afferents, there is still no good evidence 
that they have specific transmitter or 
modulator effects on postsynaptic cells, as 
has been shown for cholycystokinin in 
cortex (J. Kelly, St George’s Hospital, 
London). The demonstration that 
developing motor neurone terminals 
contain 8 -endorphin, an opioid peptide, 
that disappears as the neurones mature but 
reappears when their axons are damaged 
(L. Haynes et al., Birmingham Medical 





Research, London), raises the possibility 
that some peptides could be left over from 
development or be involved in synaptic 
maintenance. Haynes ef al. went on to 
show that #-endorphin has a neurotrophic 
effect on cholinergic transmission by 
regulating the type of acetylcholinesterase 
in the synaptic cleft. 

The great advantage of the spinal cord 
over other parts of the central nervous 
system for studying neuronal integration is 
that the outputs can be monitored at the 
same time as inputs are manipulated. 
Between the inputs and the outputs, 
however, lie complex networks of inter- 
neurones, which are still relatively 
inaccessible to investigation. Nonetheless, 
E. Jankowska (Goteborg) has identified 
interneurones of particular reflex path- 
ways using transneuronal transport of 
horseradish peroxidase conjugated with 
wheat germ agglutin. This work, together 
with results from S, McMahon (University 
College, London) on the distributions of C 
fibre terminals in skin and muscle and 
from 8. Hunt (MRC Neuropharmacology, 
Cambridge) showing that cutaneous affer- 
ents containing substance P terminate 
more dorsally than those marked by fluor- 
ide-resistant acid phosphatase, begins to 
establish a picture of functional sub- 
divisions within the laminae of the cord. 

Multiunit recording from neurone popu- 
lations requires sophisticated statistical 
analysis and interpretation is very difficult. 
How significant is a small relatively rare 
event such as the monosynaptic input from 
bulbo-spinal interneurones to intercostal 
motor neurones (P. Kirkwood ef al., 
Institute of Neurology, London)? Record- 
ings from single identified motoneurones 
in the locust during the generation of 
rhythmic behaviour such as flight show 
that inputs of only 1 - 2 mV can advance 
the neurone’s firing providing they occur at 
the right time in the depolarization cycle 
(Robertson, R.M. & Pearson, K.G. J. 
comp. Neurol, 215, 33; 1983). This obser- 
vation supports Kirkwood’s suggestion 
that spinal motoneurone outputs may be 
subtly influenced by quite small changes in 
the timing of the inputs. 

Lastly, the presence of two paraplegic 
observers from the International Spinal 
Research Trust meant that the pathological 
applications of work on the spinal cord 
were kept in mind, Research into reflex 
pathways in humans, both normal subjects 
and patients with clinical disabilities (B. 
Day ef al., Institute of Psychiatry, 
London; J. Hes and R. Roberts, 
Universities of Oxford and London; T 
Davies, Guy’s Hospital, London) is 
confirming results from animal studies and 
should lead to improved diagnosis, 
although the meeting had little immediate 
to offer towards the prevention or cure of 
spinal cord malfunction. m 
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Holebottem, Todmorden, Lancashire OL14. 
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- How did retinoblastoma 
arise? 

Sır — We read with interest the article by 
Kyritsis et al. !, in which they suggest that 
retinoblastoma may have arisen from a 
primitive neuroectodermal cell. We have 
studied the properties of the glycolytic 
enzymes pyruvate kinase, hexokinase, 
aldolase and enolase in these tumours, and 
it is interesting to compare our data with 
the work of Kyritsis et al. 

In normal fetal retina, five different 
forms of pyruvate kinase could be detected 
by electrophoresis (Ka, K;M, KM3, KM, 
and Mé4)?. In retinoblastoma, the M, 
isozyme is completely absent, whereas 
in normal adult retina the K, isozyme is 
_ almost completely absent. In normal 
retina, both fetal and adult, hexokinase 
type I predominated; retinoblastoma was 
characterized by the presence of hexo- 
kinase type II. The study of aldolase in 

*--getinoblastoma revealed a large predomi- 

o mance of the fetal type (for example 

; _ A-type) in contrast with normal retina. 
A Subsequent studies investigating the same 
enzymes in medulloblastoma and neuro- 
blastoma gave support to the hypothesis 
that these tumours have a common 
embryonic origin with retinoblastoma. Ina 
study of enolase* we found that 
neuroblastoma, medulloblastoma and 
retinoblastoma are characterized by the 
‘presence of all three types of enolase, 
‘namely aa, ay and yy. 

Thus we think that the results of Kyritsis 
et al.’ and our findings lead to the same 
conelusions. 
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Sex and generations of 


primroses 


Sir — The highly evolved heterostyle 
incompatibility system of primroses which, 
dn most populations, ensures almost 
complete outcrossing, must surely be of 
sufficient importance to the primrose for it 
to have protected itself from an easy regress 
to an inbreeding species due to the rapid 
“increase of homostyles, readily produced 
jy mutation or, more probably, recombi- 
ation. The controversy concerning the 



















ite of self-fertilization of homostyle | 


primroses, in which I. was involved a 


generation ago and which is rekindled in 
the pages of your journal by Piper et al. 
(Nature 310, 50; 1984) and the News and 
Views item by Richards in the same issue 
(Nature 310, 12; 1984) is thus of some con- 
siderable importance for the sex life of the 
primrose. Richards castigates both myself 
and Crosby for a lack of good data while, at 
the same time, quoting both of our exten- 
sive population studies and my own careful 
investigations into homostyle protogyny in 
my first ever published paper (Heredity 12, 
363; 1958). These and later studies clearly 
showed that the homostyle stigma was 
receptive to pollen well before anthers 
dehisced, and provided a likely explanation 
for a much greater frequency of 
outcrossing by homostyles than might 


‘otherwise be expected. Thus the 


observation of large amounts of homostyle 
pollen on homostyle stigmas is not, by any 
means, conclusive evidence for self- 
fertilization. The earlier arriving thrum 
pollen may successfully compete with the 
later arriving homostyle pollen, as 
Richards indeed acknowledges. 

I, too, have collected extensive data on 
seed counts per capsule and, using domi- 
nantly inherited flower colour markers had 
begun to obtain, in collaboration with 
Vivian Fyfe, direct estimates of the fre- 
quency of homostyle outcrossing. But 
I was diverted from these interests to other 
equally important areas of research. 
Indeed I had hoped that in the quieter years 
following my eventual retirement, perhaps 
a primrose generation or two.in the future, 
these observations could have been 
extended and eventually published 
together with observations on the 
frequencies of homostyles in an ordinary 
population of primroses-on the banks of 
Clare College, Cambridge, to which I had 
added a few homostyles in the late 1950s. 
But now the present excitement has pre- 
empted these aspirations. 

It was already clear from my own observ- 
ations that the frequency of outcrossing 
might vary considerably according to the 
ecological conditions and, of course, also 
from year to year especially as a function of 
climate. Thus, observations in any one 
place or at any one time are clearly subject 


to considerable variation. In my extended | 


discussion of this issue, including a com- 
prehensive theoretical treatment (Phil. 
Trans. R. Soc. B242, $17-549; 1960), I 
pointed out, following Mather and others, 
that the gradual evolution of an incom- 
patibility system would be likely to have led 
to some form of partial self-incompati- 
bility before the final evolution of the in- 
compatibility switch mechanism itself had 
been perfected. This would account, for 
example, for the protogynous phase 
observed in the homostyles, that itself 
could account for the tendency of the 
homostyles to cross-fertilize more than 
expected. The crucial question is, what 
limits the increase in frequency of homo- 


styles in most populations in which they | 








arise? (In collaboration with E.B. Ford, 
was clearly shown that predominantly pin. 
thrum populations did contain’ rare 
homostyles.) Crosby assumed that, giv 
their enormous advantage due. to ‘se 
fertilization, especially if this was comple 
or almost so, it must be viability -d 
advantage that limits their increase. The 
theory, however, demands extraordinari 
low viabilities which appear to be incon 
sistent with the observed ratios from 
breeding experiments. On the other ha 
it can be shown that a reasonable degree 
cross-fertilization by the homostyles.-¢; 
prevent their increase, given only 
moderate viability disadvantage. ' 
result, to my mind, was compatible wi 
the overall data and provided a. simp 
explanation for the protection..of 
heterostyle outcrossing system again 
invasion by variant inbreeding homostyl 

The perturbation theory used to an 
the complex population genetic mod 
underlying this system: clearly 
shadowed subsequent analyses o 
tected’ equilibria and ‘evolutio 
stable strategies’ by John Maynard S 
and others. Furthermore the paper in Ph 
Trans., together with an  accompar 
paper by Crosby, were heralded in t 
pages of your journal as being amongst t 
first applications of computers to gene 
and, more specifically, to the analysi 
complex population genetic models. 
whatever the rights and wrongs of 
theory and data, the problem stimul 
new approaches to the analysis of comp 
evolutionary. systems. Computer. a 
plications have clearly advanced. mi 
quickly in the last quarter of a century th 
work on the sex life of the primrose. Ho 
fully, another generation will be enoug’ 
give rise to a convincing and conclusi 
answer to the important question, for t 
primrose, as to what limits the i increase 
frequency of homostyles. 

WALTER F. Bop 

Imperial Cancer Research Fund, 
Lincoln's Inn Fields, 
London WC2A 3PX, UK 





A weighty problem 


cracked 


Sik — I am writing to tell you abo 
discovery which seems far-reachin; 
implications, and could well throw lig 

a number of outstanding problems 
physics, such as why dropped toast alw: 
falls marmalade-down. 

I must make it clear that I am nol 
physicist in the generally accepted sense 
the word. To be honest, I am not a physi 
in any sense of the word. Anyway, h 
we go. : 

It all started when I had a slight accident 
I fell over in the saloon bar at the Grovel 
ling Toad and struck the back of my he: 
on the space invaders machine.: After tw 
or three more pints I was back to nor: 
except for a severe pain in the neck. which ch 
could i only relieve oy ‘crouching ows an 











my 
ife rather difficult, including watching 
elevision..It was this particular problem 
which led one evening to my laying the set 
on itsside so that I could see it more clearly 
rom my awkward position. 
After an hour’s viewing in this way I 
ticed that the colours on the screen 
peared to be running. One side of the 
figures on the screen had a red shadow, and 
he other side a blue shadow, or, of course, 
nce the set was on its side, the blue 
shadow appeared on the upper edges and 
the red shadow on the lower. Returning the 
to the upright position cured the 
problem. 
‘Athought about this for a bit, and I was 
about to settle for the probability that some 
s had come loose inside the set when it 
curred to me to carry out a little 
xperiment. I laid the television set on its 
her side. I left it for half an hour and then 
returned, confidently expecting that I 
would now see the red shadow at the top 
ind the blue at the bottom — but no! The 
ed.was at the bottom again! 
This called for a lot more thought. 
ypothesis after hypothesis raced through 
y mind, each to be rejected as fast as it 
occurred on the grounds of inconsistency, 
impossibility, or downright stupidity. 
entually only one hypothesis remained, 
id it was this: 
Colours have weight, and red is naturally 
heavier than blue. 

Thus the television set, not being 
justed for sideways operation, did not 
compensate for the weight of the colours. 

T realized at once the possible impli- 
“ations, but, first of all, more evidence was 
‘equired. To rush out and stop people in 
he street to tell them that red is heavier 
han blue, particularly when one is obliged 

adopt a somewhat hunched-up stance 
th one’s head on one side, might have 
vited comment of the worst sort, if not 

tual arrest. No, proof had to come first. I 

dito devise some experiments to support 
my hypothesis. 

I.decided to use as an experimental 
model a tomato plant, of which I had 

eral at the time, growing against a sunny 
+d selected a medium-sized unripe 
mato, hanging from a strong branch, 
checked it for uniformity of greenness 
sumed that green would do as well as 
e). I then measured its mean diameter, 

d the height above the ground in which it 
irew, and then just waited. It took a long 

i€ to ripen, but eventually it became 
iformly red. I eagerly measured its 
ight above the ground once more and 
covered it to be'a quarter of an inch 
wer than when it was green! The red 
ato: was heavier than the green! 
But was this valid? I hastened to re- 
easure the size of the tomato in order to 
if it had sneaked on a bit more mass in 
> intervening days, but it was here that 
mgs went wrong. The tomato had 
come much. softer by this time, and my 
I gihcer’s $ calipers were too much: fori it. It 








ead on one’side. This made ™ 











collapsed in a squashy heap on the ground. 

What I needed was a bit more sensitivity, 
so I devised a much more sophisticated 
experiment involving a vice, a razor blade, 
a 1-foot ruler (white), a saucepan, two desk 
lamps, and some sheets of red and blue 
plastic film. I fixed the razor blade in the 
vice, and balanced the ruler across it. (Have 
you any idea how difficult it is to balance a 
plastic ruler on a razor blade?) I then stuck 
some red plastic film over each of the desk 
lamps and carefully positioned them so 
that one shone on each end of the ruler. I 
forget what the saucepan was for. I then 
switched on the lamps and both ends of the 
ruler glowed red as it hung there on the 
razor’s edge. I waited about a minute, 
during which the ruler remained balanced, 
and then I suddenly replaced one of the red 
plastic sheets with a blue one. For about 
twenty seconds the ruler remained where it 
was, one end red, the other blue. Then 
slowly the red end began to sink, and the 
ruler fell off! 

Of course, I could not let the problem 
drop there. All sorts of questions 
clamoured to be answered, for instance, 
what is the order of weight of the colours? I 
set out to determine this by repeating the 
balancing experiment a number of times 
with differently coloured plastics, and 
after many hours of delicate balancing | 
managed to discover the relative weights of 
the colours. In order of weight, lightest 
first, they are: white, yellow, green, blue, 
orange, pink, red, black. 

I have other experiments under way 
now, some involving coloured balloons 
filled with hydrogen sulphide, others 
involving the production of coloured 
bubbles from a mixture of detergent and 
Dulux emulsion, and, although the 
neighbours are beginning to complain, the 
results are looking very promising. 

WILLIAM HICKMOTT 
3 Lambourn Way, Chatham, 
Kent MGS &PU, UK 


The hand of 
Archaeopteryx 


Sir — Hecht and Tarsitano! defend their 
interpretations of the homologies and 
morphology of the hand of the protobird 
Archaeopteryx against what they believe 
are distorting and misrepresentative 
criticisms by Howgate*. However, 
Howgate is essentially correct on the issues. 
It is Hecht and Tarsitano who are mis- 
reading the data. 

The hands of Archaeopteryx appear to 
be very similar to those of their potential 
ancestors, the predatory theropod 
dinosaurs. Hecht and Tarsitano suggest 
this resemblance is only superficial because 
“the digits of birds must be 2-3-4 based 
on embryological work” 135, while 
palaeontologists identify the digits in 
derived theropods as 1-2-3. Hecht and 
Tarsitano then ask ‘“‘do the similarities 
observed. by palaecontologists have greater 








weight than. the evidence derived from | 














ontogeny by embryologists?”’!. What they 
fail to note is that Hinchliffe, whom they 
repeatedly cite in support of their 
argument, has cautioned that, ‘‘the 
embryological convention that digit 1 is 
missing (in bird embryos) is not. based on 
firm evidence’’®, Even bird embryos never 
have more than four digits, so there is no 
way to establish which digits really are 
present. Such unreliable data cannot be 
used to disprove the homology of theropod 
and bird hands, hence the palaeontological 
evidence does outweigh the embryological 
work, If theropods are bird ancestors, then 
the progressive loss of the outer digits from 
early dinosaurs to derived theropods shows’ 
that Archaeopteryx and birds retain digits 
1-2-3, 

Hecht and Tarsitano also continue to 
defend the possibility that the disarticu- 
lated joint between phalanges | and 2 on 
manus digit III is actually a break '!3°. The 
problem is that there is no evidence to 
support this idea. Having examined the 
Berlin specimen, I can confirm that the 
particular surfaces at this join are well 
preserved. Besides, this joint is present in 
all five of the articulated hands preserved in 
three specimens. Howgate was caustically 
critical of Tarsitano and Hecht’s specu- 
lations on how these hands came to be 
“broken”? This is understandable, for the 
idea that all these hands suffered identical 
injuries is simply beyond reason. 

The criticisms that Hecht and Tarsitano 
direct at the theropod-bird hypothesis are 
based more on procedural grounds than on 
the data. This is annoying since Hecht and 
Tarsitano are not themselves innocent of 
such methodological errors. It is also 
putting the cart before the horse. How the 
theropod-bird hypothesis has been erected 
and defended is not nearly as important as 
its validity. As for the hand of Archaeo- 
pteryx, palaeontological evidence shows it 
to be theropodian in design and homology. 

GREGORY S. PAUL 
Department of Earth and Planetary 

Sciences, 

The Johns Hopkins University, 
Baltimore, Maryland 21218, USA 
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Scientific Correspondence 


Scientific Correspondence is intended 
to provide a forum in which readers may 


raise points of a rather technical 
character: which are not provoked by 
articles or letters previously published 
(where Matters Arising remains ap- 
propriate). 
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Cooling flows in clusters of galaxies 
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Cooling gas in the centre of many clusters of galaxies is compressed and pushed inward by the thei 
pressure of the hot, uncooled outer gas. Gravity acts as a focusing agent until the gas has cooled 
galactic temperatures. The cooling process is thermally unstable, giving rise to optical filamentatior 
Once the gas cools below 1 0* K it presumably forms stars which add to the mass of a central galax 
Accretion rates of up to 400 Mo yr are inferred from X-ray measurements so that the mass of su 
central galaxies may be due to cooling flows. Their optical and UV appearance emphasize that the g 
predominantly turns into low-mass stars with an initial mass function unlike that of the solar neighbor 
hood. Optical and X-ray observations of cooling flows can be used to investigate the contin 


_ formation of the largest known galaxies. 

























MANY clusters of galaxies are strong X-ray sources with 
luminosities of 10-10% ergs”! (ref. 1). Detailed spectra? 
show that the emission originates primarily as thermal 
bremsstrahlung from a diffuse, intracluster gas with densities of 
1072-10 cm and temperatures of 10’~108 K. The mass of the 
_. gas is comparable to the mass of all the stars in all the galaxies 
-ofa cluster, but stars and gas together account for only 10-20% 
of the total cluster mass, most of which is, as yet, unseen and 
unidentified. 
~The hot gas sits in near hydrostatic equilibrium in the gravita- 
<. tional potential of the cluster, so that its density peaks in the 
< clúster core, which is typically 150-250 kpe in radius. In this 
core, the radiative energy loss due to the emission of the observed 
X rays can have a significant effect on the behaviour of the gas. 
The loss may be sufficient to cool the gas and initiate a slow, 
subsonic, inward flow-—the ‘cooling flow’ that is the subject of 
this review. 

In.a cluster, the onset and properties of the flow are deter- 
mined by the properties of the cluster as a whole. Before it 
cools, the speed of sound in the gas, c, is comparable with the 
line-of-sight velocity dispersion of the galaxies in the cluster o.. 
Individual galaxies generally have internal line-of-sight velocity 

dispersions o, « o,, which means that the effect of their gravity 
on the intracluster gas is initially negligible’. Gravitational 
aceretion® onto a central galaxy can occur only after the gas 
has cooled considerably. Most clusters with cooling flows do 
contain central dominant galaxies that are receiving the infalling 
‘material, which passes through a brief stage of visibility when 
optically luminous filaments are produced by thermal 
instabilities’~’. 
~The relevance of radiative cooling in the interpretation of 
X-ray observations of intracluster gas has been realized indepen- 
dently by various workers’*'°, although earlier work*'' had 
noted that the cooling time of the intracluster gas in many 
clusters was similar to the age of the Universe, and Silk’? had 
proposed the creation of a massive cluster galaxy due to cooling 
of primordial cluster gas. 
It is only within the core of a cluster that cooling is observed 
to be important (the cooling time is less than the age of the 
niverse). The resultant flow is a negligible drain on the vast 
servoir of hot gas beyond that, but it exceeds the small rate 
‘of stellar mass loss by the galaxies. in the cluster. core. There is 










ò steady-state flow, such. as the ‘radiative regulation’ proposed. 


by Cowie and Binney”, which would require cooling and m 
injection to be important and to balance throughout the clus 
Nevertheless, the results they obtained do give a good desc 
tion of the gas behaviour if applied. only to the region whe 
cooling is important. This cooling region was calculated by. 
of us (A.C.F. and P.E.J.N,’) to explain the high X-ray. sur 
brightness of the Perseus cluster core revealed by mode 
resolution pointed observations made with the Copernicus se 
lite. The temperature and density profiles beyond the co 
flow region are then treated as initial conditions related to 
formation and evolution of a cluster. x 

Individual galaxies not in cluster cores may have radial 
inflows from interstellar gas'*'>. There is, as yet, no evide 
for accretion from a general intergalactic medium’*'’. Hea 
and cooling of interstellar gas may together drive some form 
gas flow in our Galaxy (the galactic fountain'®”*). Cooled g 
accreted to the nucleus of a galaxy could power. a ce 
engine! $??? ees 









































Evidence for cooling flows 


There are now at least 27 clusters for which empirical evider 
of cooling flows exists (Table 1). The nature of the eviden 
and appropriate references are discussed below. le 
A primary indicator of a cooling flow in a cluster is a high! 
peaked surface brightness profile (see Fig. 1). Such a distribu 
can imply that the time required for the gas in the central re 
to cool by radiating all its thermal energy is short comp 
with a measure of the lifetime of the system. The latter 
generally taken to be some modest fraction of the Hubble tit 
ty = H3', where Ho is the Hubble constant (which we take 
be 50 km s7! Mpc™', so ty =210'° yr; because Ho enters ir 
the determination of te t,/ty scales as Hy’). E 


ooling time (1,) is relatively model independent. 1 
‘count rate per unit area in imaging detectors ( 
example, the Einstein satellite Imaging Proportional Coun 
(IPC)—see ref. 21) is sensitive primarily to the emission integ 
fn? dl along the line-of-sight (n is the gas density and /.is | 
path length). It is relatively insensitive to the temperature of. 
plasma over the range l-6 keV, just the range that is: rel 
for intracluster gas™*. In detail, the cooling time t- for g 
temperature T that appears in an` X-ray image as a regi 
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lere ‘<(T) is the instrumental sensitivity (e =f n? dl/AX for a 
iven T), A(T) is the total emissivity of a plasma at temperature 
‘(see ref. 22), k is Boltzmann’s constant and we take the 
imension / as an estimate of the depth of the region. This 
ression is plotted in Fig. 2 for various temperatures and for 
ustration we show a point computed using data” for the poor 
ster MK W3s. The deduced value for t, agrees well with the 
10° yr found using a more sophisticated deprojection tech- 
ue to determine the gas density. In general, the estimate of 
erived in this manner will be.an upper limit to the true value 
because the finite angular resolution and signal-to-noise ratio 

f most images under represents the true central surface bright- 
ness. This is indeed the case for MK W3s, for which an analysis?’ 
f High Resolution Imager (HRI) data gives t, four times smaller 
than that deduced from the IPC image. 


Fig. 1 X-ray emission contours of NGC1275 from the Einstein 
Observatory HRI image” superimposed on the Ha photograph 
of Lynds’®. An unresolved (<4 arc s) source is coincident with the 
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Fig. 2- Relationship between gas cooling time and excess surface 
ghtness measured:in units appropriate to the Einstein-IPC. The 
7 for the poor cluster MK W3s is shown. A shorter cooling 
“is: derived” from the HRI due to the increasing gurface 
brightness at smaller radii (arrow). Values'® for the isolated ellip- 
eat alaxy NGC1395 are indicated. 








The high density implied by a high central X-ray surface 
brightness may also require that the temperature. of the central 
gas be lower than that of the outer plasma. Otherwise, an ™ 
absurdly. high binding mass must be invoked to maintain the 
high-pressure gas in quasi-hydrostatic equilibrium (see ref, 24); | 
Such a temperature inversion further reduces t, and is itself 
indicative of a cooling flow’. A rough estimate of the mass 
inflow rate, M, is obtained by dividing the mass of cooling gas 
by its cooling time. 

The high X-ray surface brightness around the giant elliptical 
galaxy M87 in the Virgo cluster suggested to Gorenstein ef al” 
and Mathews” that accretion was taking place. Since then, the 
greatly improved images obtained with the Einstein IPC have 
verified this conclusion and showed that 27 clusters, both those 
rich and poor in galaxies, have the very short central cooling 
times indicative of cooling flows (see Table 1). For many of 
these, the radial surface brightness profile can be analysed in 
more detail following a deprojection method developed by. 
Fabian et al.”* (Fig. 3). The derived density profile is very 
insensitive to the assumed parameters over their plausible 
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Fig.3 Density and temperature profiles of the intracluster gas in 
A496 °°. Different symbols denote the two detectors used. The 
profiles for the Perseus cluster’? (A426) are indicated, as is the 
shape of the constant-pressure line cooling solution (no r“®/7), 
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Fig. 4 Theoretical X-ray spectrum of the inner 150 kpc region of 
a cooling flow. with M = 100-Ms yr"! at a distance of 100 Mpc. 
This figure was produced from- a program written by H. Itoh. * 





















. Hubble time, the method gives estimates of the rate of mass 
accretion in a cooling flow, including the work done by gravity. 
“The mass accretion rates range from values of 200-300 Mo yr | 
for Perseus”? and A496’, through 20-100 Mo yr”! for the 
Centaurus (G. C. Stewart et al, in preparation) and poor 
` clusters”, to 5 Mo yr! for M87 "30 (Fig. 5). More recently, 
Stewart et al.” applied the technique to 36 clusters from the 
“sample of Jones and Forman”. At least 30% of those clusters 
show evidence of cooling flows. 
In addition to the evidence for clusters, a thermal interpreta- 
tion for the soft X-ray emission observed from many elliptical 
- galaxies'*'> implies a relatively short cooling time (Fig. 2). An 
outflow, or wind, requires an impossibly high gas production 
“rate, whereas a cooling flow consumes only ~1 Mẹ yr™', which 
is compatible with stellar mass loss!” 
Direct evidence for cooling gas at the centres of clusters comes 
from X-ray spectroscopy. X-ray emission line measurements 
`: (Fig. 4) are particularly useful because they give relatively unam- 
© biguous temperature measurements and because the line 
strengths can be used to estimate the mass flow rates”. The 
Einstein Solid State Spectrometer (SSS) is efficient for detecting 
the Si and S lines and the blend of Fe L lines that are strong 
in plasmas with temperatures around 10’ K. The Einstein Focal- 


s Plane Crystal Spectrometer (FPCS) was able partially to resolve 


the various contributors.to the Fe L blend for the strongest 
urces-and detect O vuil lines from plasma at temperatures 
- around 3x 10° K. 
oo "Phe detection with the FPCS of a strong oxygen line from 
© the centre of the plasma halo surrounding M87 in the Virgo 
cluster established the presence of gas that was significantly 
cooler than the bulk of the X-ray emitting material, giving the 
first unambiguous evidence of a cooling flow*. This was con- 
firmed by broad-band IPC spectra?', by spectra obtained with 
the SSS% and by additional crystal spectrometer data™. The 
~--Jatter shows lines from plasma at a wide range of temperatures 
with ‘an emission measure distribution consistent with that 
expected. for cooling gas. There is now evidence for low- 
temperature gas in the cores of half a dozen clusters (Table 1). 
 ‘Broad-band spectral measurements of the integrated cluster 
emission obtained with proportional counters can also give clues 
to the presence of cooling flows, although the evidence is more 
ambiguous. For several clusters, multi-temperature models are 
‘required to fit the spectra*’“*'. Several of these are known to 
have. cooling flows. Although ‘the others might be considered 
prime candidates for further investigation, cooling flows are not 
the only explanation for multi-component broad-band spectra, 
especially if the ‘cool’ component temperature is 22 keV. 

The detection of optical filaments is a less direct but more 
easily obtainable indicator of cooling flows (see below). Fila- 
ments have been seen in the cores of many clusters that show 
X-ray evidence of cooling flows (Table 1). Other clusters with 
optical filaments do not show soft X-ray emission but the limits, 
when available, are not restrictive. 

The optical line emission is similar to that observed from 
shocked gas, with [O u], Ha and [Nu] giving most of the 
emission. Lya emission from the filaments around NGC1275 
in the Perseus cluster” and the central galaxy in A1795 (ref. 
43) have been detected with the International Ultraviolet 
Explorer (IUE). Neutral hydrogen has been observed in absorp- 
tion against NGC1275 with an infall velocity of 300 km s™! (ref. 
44). 


Radial variation of M 


For the two best resolved and best studied cases, Perseus and 
M87, the deconvolution technique returns values of M that 


<. increase with radius. The increase is from 20 to 200 Mer™' out 


oto Qare min (~60kpce) in Perseus (Fig. 6) and from ~I to 
OMe yr"! out to 15arc min (~70 kpc) for M87*°. Qualita- 
ively, the fall in M towards the centre of the flow is revealed 


_ by the slight flattening of the surface brightness profile at small. 
he radi. Thati is, e the overall. pomel is emit ones and 7 





< ranges. When the deduced central cooling times are less than a 


_ glisters that contain ; a sinele giant maa and that have 








Table 1 Evidence and references 
M X-ray surface X-ray Ha 

Cluster (Mayr) brightness spectrum filaments 
Perseus 250 28 25,82 64,67, 19 
A496 200 29 29 67, 88,89 
M87 10 24, 31, 80,81,95 35-37, 95 90,91 
Cen 22 30 86 92. 930° 
AWM7 40 23, 24, 83, 84 
MKW3s 100 23, 24, 84 
AWM4 25 23, 24 
MKW4 20 23, 24 
A85 100 31,32 
A262 28 31,32 
A400 2 31,32 
A1060 6 31,32 ; 
A1795 400 31,32 3 67, 89,94 
A1983 7 31,32 
A1991 115 31, 32 : : 
A2029 250 31,32 3 67 
A2063 26 31,32 . 
A2017 18 31,32 
A2199 110 31,32 3 67 
A2319 75 31,32 a | 
A2415 15 31,32 : 
A2626 10 31, 32 
A2657 36 31,32 
SCO107 — 46 4 31, 32 
$C 1842 —63 3 31, 32 
3A0335 +096 280 83 3 
A3576 85 87 





thus indicative of cooling as described above, a more detaile: 
examination shows a deficiency of flux at small radii relative 
that expected in a flow with constant M. Changes in the assume 
cluster parameters do not alter the conclusion that mass drop 
out of the flow over a significant range of radius. We note thi 
the optical filaments associated with instabilities in cooling gi 

often extend over similar radii. 





Alternative interpretations 


We have argued that there is considerable evidence for coolin 
flows in clusters of galaxies. The implications are that | 
100 Mo yr”! have accreted into a central galaxy for times excee: 
ing 510° yr. Therefore, a significant part, if not all,.of th 
central galaxy is due to the flow. As these galaxies resemb 
most other galaxies, it might be thought that these implicatios 
are wrong. 

Heating (see refs 45, 46) could prevent a cooling flow only 
the heating profile exactly matched that of the coolit 
Moreover, the dependence of the heating rate on the density 
must be particularly steep if the heating is not to make the gi 
more thermally unstable’. It must also be equally effective | 
both radio-loud and radio-quiet clusters. This makes any heatir 
proposal decidedly ad hoc. Any substantial non-thermal co 
bution to the X-ray emission. is also ruled out. 

Star formation according to a standard galactic initial m 
function (IMF)*7* at the implied rates must give many sü] 
novae which could heat the flow’. Perhaps the flow operat 
intermittently. There is evidence for A stars in NGC1275°° 
the Perseus cluster but not for earlier-type stars**°'. Massive 
stars, likely to give supernovae at least, are not observed in a 
cooling flow galaxy. The IMF of stars from a cooling flow ne 
not be identical to that in our galactic neighbourhood: (see 
below). The smooth gas density profiles inferred from X-ra‘ 
data argue” against disturbance by an intermittent flow on 
time scales = 10° yr. 

This last point is also relevant to the duration of the flow 
The smooth profiles and general consistency with cooling flo 
theory out to ¢,= 10'° yr suggest that the flows have persist 
for 5 x.10° yr or more. Cooling flows have been observed in 
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ig.5 Histogram of measured mass flow rates, M. The bins below 
10 Mo yr™’ are depleted by selection effects at the threshold of 
detectability of a flow. 


-ray data*'. Many of these galaxies have been found to contain 
optical filaments, It should be remembered that gravitational 
binding energy alone accounts for the observed intracluster gas 

mperatures of 2—10 keV (see below). 

We should point out that conduction is probably inhibited in 
the intracluster gas by tangled magnetic fields. In particular, it 

is been shown that conduction cannot be occurring at the 
itzer™ rate in M87 °*°?. Furthermore, the steep temperature 

pendence of conductivity means that it is generally either 
dominant or negligible, with only a small (factor ~2) range 
vant.to the X-ray data of clusters?’ 





ry of smooth flows 


hermal instability will generally make cooling flows very 
homogeneous (see below). Nevertheless, many of their key 
roperties are adequately modelled by a smooth flow. 
The X-ray observations of clusters of galaxies do not require 
cheating of the intergalactic gas other than that due to motion 
the gas through the cluster potential. This is best illustrated 
sing the parameter 7, introduced by Cavaliere and Fusco- 
emiano™, 
BMY OE 
kT (2) 
here yw is the mean molecular weight and my the mass of a 
drogen ‘atom. r is a measure of the ratio of the specific kinetic 
iergy in the galaxies to that in the gas. If the ‘gravitational’ 
stories of the gas and galaxies were identical, we would expect 
1. However, as the galaxies are collisionless while the gas 
fluid, the two are bound to be partially separated during 
ter collapse and/or mergers. Typically, the infalling gas will 
topped by the passage of a shock while the galaxies continue 
all inward, causing the gas to be less tightly bound than the 
jes and hence decreasing 7. We can, therefore, only expect 
as is observed**. A more detailed analysis may require 
e additional heating of the gas, but, at present, there is no 
ason to believe this is the case. 
Ve have argued that thermal conduction is negligible, so that 
e absence of heating, a hydrostatic atmosphere will inevi- 
y begin to cool substantially after about one radiative cooling 
e: Cooling will start in the centre of a cluster and work 
itward°*, Furthermore, because the cooling time is comparable 
tless than, the Hubble time in many clusters’, this is likely 
ave already happened. in some. 
Before the onset of cooling, there will generally be a region 
ar the centre of a hydrostatic atmosphere over which the gas, 
d thus Tto is fairly uniform. As this gas begins to cool: it is 
pressed. by the surrounding atmosphere and increases in 
y luminosity. The cluster luminosity thus rises, peaking at 
ne time when the core gas cools, almost simultaneously, 
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Fig. 6 The mass flow rate around NGC1275 decreases within 
~2 arc min, from ~250 Mẹ yr”! roughly as M œ r>/*. The observed 
optical filaments (Fig. 1) extend more than | arc min. 


a transient pressure hole in the centre. However, thermal instabil- 
ity will make the onset of substantial cooling more gradual. 

Once the core gas has cooled, a steady flow is established- 
quite rapidly at the cluster centre (Fig. 7). The rate at which 
gas cools subsequently is determined simply from initial condi- 
tions by 


rrp 


MN Jae 


(3) 


tlrpet 


where p is the gas density at radius r and equation 3) igo 
evaluated in the initial atmosphere. This equation states simply 
that the gas cools after approximately one cooling time. It applies 


because most of the gas remains largely undisturbed until it is ~ 


about to cool. The steady flow is confined to a region inside 
which 1, is less than the age of the system. Its extent is determined 
chiefly by M and the steady flow equations. 

Having established that the central region of a cooling flow’ ~ 
is well modelled as steady, we now consider its structure in 
more detail. 

The flow velocities are typically highly subsonic (see below) 
and we may thus use a hydrostatic approximation. Assuming 
spherical symmetry, the flow equations reduce to 


M = 4rpvr = constant (4) 
dp/dr = -pde/dr (5) 
and 
d 2 
po (H+d)=n A(T) (6) 


where v, n, p and T are respectively the inward radial velocity, 
the electron density, pressure and temperature. The specific’, 
enthalpy 


H => — (7) 


and œ is the gravitational potential. ; 
Note that we have ignored any addition of mass to the flow 
because in all known cases the steady flow is confined to well — 
within a cluster core (see equation (12)) where the total mass 
loss from the galaxies falls far short of M. This. is-in contrast 
to the radiative regulation model’® where all the cooling gas | 
arises from mass loss. “i 
If gravity is negligible, kT/pmy> GM/r=rdd¢/dr, the. 
pressure is constant and for AX T°, the temperature solution is. 


Tx pi Bra) (8) 


aw. ranges from. =} for. thermal. bremsstrahlung to =— 
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‘Fig. 7 Mass flow rate as a function of radius in a cooling atmos- 
phere. This shows the onset of a cooling flow in an initially static 
atmosphere bound by matter distributed asp, (1+97/a’) 3? 
: The mass flow rate is given in arbitrary units and the time in units 
“of the initial sound crossing time of the core. The central cooling 
‘ime was initially 20. M is shown asa function of the radius shortly 
: the onset of rapid cooling at 20.2, and several later times (as 
elled). M is independerit of the radius in the region of the 
teady flow which has already developed by a time of 30.3. Note 
“that M has changed considerably by 40.3 and consequently, so 
has the size of the region of steady flow. 








- varies as p&re, Constant pressure solutions apply 


approximately to the largest cooling flows”? 

When gravity is significant, kT/ umy = GM (r)/r, the tem- 
perature solution always approaches a critical solution on which 
kT/pmty= A GM(r)/r, for some constant A of order unity 

{Table 2). This behaviour is illustrated in Fig. 8. Note that, 
although radiative. cooling drives the inflow, the temperature 
“may fall, remain ‘constant or rise depending largely on ġ. In a 
steady smooth flow the temperature must fall eventually, but 
-this need only occur at very small radii. 

“The model of a hydrostatic gas contracting due to radiative 
cooling is very simple and, as a consequence, the crossing time 
(r{v) always roughly equals the radiative cooling time 
throughout a flow; that is 


r/v= Bt, (9) 


for some B = |. Given the temperature solutions we can estimate 
the density by setting B = 1 to get 
MkT 3 
nes (10) 
pmy Sar A(T) 


` The remaining flow quantities can be calculated directly. For 
© example, the isothermal Mach number 


1 J/M 
EE AN 4 20.08 MY?rz Y? T7! (A/S x10)" 
HMyu 
(11) 


where M =100 M, Moyr', r=100r kpe and T=10 T; K 
Table 2 gives the values of A and B for a few exact critical 
solutions. 

‘The flow solutions of this section are only applicable over the 
egion of steady flow outside the sonic point. From equation 
the sonic point falls at ~10 kpc in a large cooling flow 


















100 Mo yr’), and, other things being equal, its value is 
tl proportional to. M. The steady flow.also breaks down. 


momentum can substantially alter the outer parts o 
e region ‘where the cooling time is b lese than the > age 
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Fig. 8 Temperature versus radius for a steady cooling flo 
solutions shown are for. flows in a gravitational poten 
~pola/r)in(r/a +41 +9°/ a"). Ty is defined by kT, = umado: T 
critical solution (solid line) follows the potential andis the o 


onto the constant pressure solution, equation (8), at largé r while 
those below terminate with T=0 at some finite radius. No! 
all solutions converge towards the critical solution as r decti 
(The flatness of the potential forr < a results in. a-constant pressure 
solution for r« a.) z 


of the system, that is, for an age 1, beyond radius 
MAP ia 
lp = 
$ 24rumMmykT 
=93 MI GE T7 (A/2 x107) kpe 


where T=5x10 Ty; K and t= 10!°t yr. This falls well with 
the core of most clusters. 
Cowie et al? pointed out that angular momentum could have 
a substantial effect in causinga cooling flow to stagnate at so! 
large radius. Our earlier remarks on conduction (see: also ref. 
57) show that the effective particle mean free paths. are mi 
less than those determined by Coulomb collisions alone” 
which case the ionic viscosity is negligible and cannot effectiv. 
transport angular momentum. If viscous stresses . are negligible 
the Reynolds number must by definition be large**, An approxi 
mately radial flow in which angular momentum is conserved 
prone to turbulence (or less dramatic shear instabilities at low 
Reynolds number). If these set in, angular momentum willa 
be transported effectively. Thus there is a very small range, 
any, of Reynolds number over which the angular mome tum 
able to cause a cooling flow to stagnate at large radii. 
Clusters do not appear to rotate quickly so that any | ngu 
momentum in the gas is likely to be small, that is, rotati 
velocities 


Vion < GM(r)/r 


When angular momentum is transported effectively the fl 
tends to co-rotate, and the rotation is likely to remain unimp 
tant throughout. The angular momentum of the cooled clus 
gas is deposited in the remaining gas, where again it is: negligi 
at present cooling rates. Thus treating the cooling fio 
spherical is adequate for most purposes. 

We note that the situation is again different in isolated. ell 
tical galaxies where there is no surrounding medium to abs 
the ‘dissipated’ angular momentum. In that case, the 


and: may give rise to ‘excretion’ disks of neutral hydrogs 





ble 2 Spud a of exael Values for A= (Ty am OA J and 
B= flow time/cooling time, for critical cooling flows 
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Constant pressure solution — 
Isothermal potential M (rer 2/3 
Point mass potential M (r) = constant 2/(6— a) 





: The critical solution is that on which T remains finite as r approaches 
finity. The constant pressure solution is included for comparison. 





The onset and evolution of a smooth cooling flow has been 


i iscussed above (and in Fig. 7), We now consider some of the 


rocesses which alter the simple behaviour outlined there. 

-At present, the event most likely to disrupt a cooling flow is 
‘cluster merger. When one cluster merges with another of 

omparable size or larger, its gas will not immediately be centred 
the new cluster potential. Regardless of any shocks, the old 
tral gas will still have lowest entropy, so that it must find its 


way to somewhere near the new cluster centre. This process 


evitably causes substantial mixing and is likely to disrupt any 
cooling flow. Shocks caused by the merger will generally have 
8$:effect. 
Apart from violent cluster mergers, a cluster potential may 
olve more slowly due to continuing infall and two-body col- 
lisions in the denser parts. Although these processes are slow, 
ey Can cause substantial potential changes over a Hubble time. 
ey may, for example, lead to the formation of a dominant 
ntral galaxy”. Numerical calculations show that such changes 
o not greatly affect the evolution of a cooling flow, Because 
potential change is slow, the gas is compressed adiabatically 
‘which case the cooling time varies as 


oe (14) 


roA(T) x T°. Thus, changes of order unity in the cluster 
otential, which cause comparable changes in T, can only alter 
by a similar amount. Slow potential changes do not dramati- 
ally affect M. 
‘As most of the gas in a cooling flow is fairly highly ionized, 
is little affected by a strong central source of ionizing radiation. 
‘umerical calculations of the ionization equilibrium in a flow 
ave shown that the gas remains close to collisional equili- 
brium“”. The flow begins to be noticeably heated only when the 
ntral object is of quasar-like peau and Compton heating 
yntributes strongly. Using equation (10), we find that Compton 
eating due to a hard central spectrum of luminosity 
0° Lys ergs”! overcomes bremsstrahlung cooling within a 
ane of less than only 3 T}°Li,M7' kpc, where M =10 M, 
‘This is well inside the region where thermal instability 
portant and will tend to promote that instability. 
Gas cooling via collisionally- induced radiation processes is 
ne to thermal instability“'. In a cooling flow, the growth of 
e instability i is complicated by gravitationally induced convec- 
262, Gravity causes an overdense blob to move ahead of the 
n flow, and so can restore it to its equilibrium position 
re it Cools. This suppresses the instability on large scales in 
e outer part of the flow where the Mach number is small. At 
e same: time, motion relative to the flow rapidly fragments 
ost gas blobs™. Thus a second effect of gravity is to fragment 
is blobs repeatedly until they are, in effect, tied to the general 
ow. 
As the flow approaches its sonic point (r ~ I-10 kpc in a large 
oling flow), thermal instability is no longer suppressed on any 
ile and becomes rife. This causes enhanced line emission (see 
low). It may also remove sufficient gas from the flow to stop 
Mach number rising, causing it to saturate at some value 
l At very small radii the remaining flow can come under the 
uence of a central point mass onto which it accretes. This 
n provide a:small bul significant mass flow to fuel an active 
eus” 
ailed analysis of the thermal instability requires knowledge 




















e: aparon of density. fluctuations. in the gas which is... 19° yr, the accumulated @ accretion flow will aprenon a “sig 
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unavailable at present. However, as observations show that M 
varies with radius on all scales, we conclude that thermally 
unstable gas is cooling out of the flow at all radii. 


Optical emission from cooling flow 


Gas in a cooling flow emits optical and UV emission lines as it 
recombines in the temperature range 10’-10* K. The direct lumi- 
nosity in an ideal smooth flow is 107?-10~* of the cooling 
luminosity. For Ha in particular, the optical luminosity fraction 
is ~10°*. Emission lines and filaments are observed in and: 
around many central galaxies, but at a luminosity greater than 
that implied by single recombinations. Two effects are important 
here”: repressurizing shocks in thermally unstable clumps and 
photoionization of cold gas by a nucleus, stars or even by the 
flow itself. 

As a large thermally unstable blob cools, it is compressed 
until eventually its sound crossing t time is longer than its cooling 
time, that is, for a size of R kpc, at? ~3 x 10° R°*? K. Such blobs 
cannot remain in pressure equilibrium and cool isochorically 

to ~10* K. When cooled, their pressure may be a few hundred 
times less than that in the hot surrounding gas. They are repress- 

urized by shocks which reheat the gas to 10° K or greater and 
which radiate much of the shock power above the Lyman limit. 
This flux photoionizes the cooling post-shock gas and leads to 
a much enhanced optical and UV luminosity, just as in old 
supernova shock waves**ć®, Much of the Pd V work that would 
have appeared as soft X-radiation in a smooth flow can thereby 
emerge at optical and UV wavelengths. Each proton in the flow 
now recombines (He) approximately five times,.rather than 
just once. The final stages of rapid cooling are likely to lead to. . 
a sheet geometry with the cooled gas in very thin (« 1 pe) layers: 
Current optical observations are unlikely to have actually ` 
resolved any of the filaments. 

The mass flow rate (that passes through repressurizing shocks) 
is in principle determined by the emission line fluxes. Model 
shock calculations predict line ratios and Hec for various 
shock velocities. The line strength in HB then gives M from 


M Hw 
L(HB) = E eV s! 
HMmMy 5 


a5) 
A range of blob size, and thus of shock velocity, will complicate 
this estimate. The above estimate with H,,,.= | should be a lower 
limit on L(HB). 

Photoionization by an active nucleus (in NGC1275, for 
example) and other sources of hard radiation (see ref. 67}. 
generate further line radiation from the cooled and cooling gas. 
The radiation transfer is similar to that in post-shock gas. The 
geometry and, in particular, the radial distance to that gas are 
important factors. Unfortunately, little has yet been done on 
the observational comparison of line strengths and ratios over 
a range of radii. 

Optical and UV spectra of cooling gas are potentially very 
important as they offer the chance of making abundance 
measurements. Other line diagnostics give density and pressure 
information. The possibility that X-ray cooling flows are dust- 
free can be tested. In passing, we note that the IR waveband _ 
contains lines expected from the flow together with important 
stellar features that define the lower-mass end of the IMF of 
stars formed by the flow. 

A cooling flow may stimulate or even create an active nucleus 
which is detectable at all wavelengths including the radio and 
X ray. Amorphous radio emission may also be created by the 
compression of magnetic fields and cosmic rays in the flow. and 
in repressurizing shocks. A correlation is found between cooling 
flows and radio emission from a central cluster galaxy’. It is 
possible that cooling flows surround many prominent radio 
galaxies. 


Star formation 


With an accretion rate of 10-300 Me yr"! persisting for 10°. 
















nificant fraction of the mass. of the central galaxy. The most 
_ plausible endpoint of the flow is star formation (limits on the 
Hrcontent of these galaxies are many orders of magnitude too 
< smal ®7'). However, an initial mass function similar to the 
„average one for the disk of our Galaxy is ruled out by the near 
normal colours of the central galaxies? 4*0", We®* and, separ- 
„ately; Sarazin and O’Connell” have argued that the physical 
conditions in the flow would favour the formation of low-mass 
stars. In particular, the Jeans mass is 10-100 times lower in the 
high-pressure environment of the cooling flow than in the 
Galaxy. Although the connection between Jeans mass and the 
initial mass function is not understood, there is evidence that 
even in the Galaxy lower mass stars form in regions containing 
smaller, more dispersed gas clouds”, The lack of detectable H 1 
. does not contradict star formation, because the collapse of the 
-H t clouds proceeds on a short time scale. 

Given the lack of plausible alternative sinks, the argument 
can be reversed and the X-ray measurement of M can be equated 
with the star formation rate near the centres of the accretion 

~ flows, Sarazin and O'Connell”? have synthesized colours for a 
“population of low-mass stars and computed their effect on the 
colours of the host galaxy. Observations”* may eventually con- 
strain the parameters of the initial mass function. We note that 
the simple fragmentation theory of Star formation does predict 
~ an endpoint in very low mass stars” 
“2 Cooling flows must efficiently form matter of high mass-to- 
light ratio. If much of the starlight in giant central galaxies is 
< due to a surrounding cooling flow, then the flow must create 
an elliptical- galaxy stars. Perhaps we are seeing a delayed, or con- 
© 'tinual, version of the process of galaxy formation, or maybe the 
stars of elliptical galaxies can be produced in a wide variety of 
conditions. Work on smaller flows in galaxies and at higher 
redshifts is very important here. 

Note that the central galaxies in the two nearest large flows, 
in. M87 and NGC331 1 (A1060), are surrounded by exceptionally 

large populations of globular clusters”. Gas cooling from a 
high temperature tends to form globular clusters, as the Jeans 
mass when the gas is. repressurized at-10* K falls in the appropri- 

ate range. Using the density estimate from above, we find the 

Jeans mäss in the repressurized gas is 


M,~ 4x 10°r/*(A/5 x10?) M 0z Mo (16) 
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-at 10 r, kpe, in a cooling flow of 10 M, Moyr™', 
300 O35 kms” 


where a, is 


Conclusion 


Cooling flows are an important process in the cores of many 
“clusters. of galaxies. Measured mass flow rates exceeding 
10 Ma yr”' may contribute significantly to the central galaxy. 
Observations in the optical and neighbouring wavebands of 
these galaxies allow large- scale and efficient star formation to 
be studied. The sensitivity of the resultant population to flow 
parameters, such as pressure and lack of dust, may give impor- 
tant clues to the process of star formation. Continual star forma- 
tion due to cooling flows may be quite widespread in ordinary 
‘galaxies; within elliptical galaxies, for example. The remainder 
of the flow that reaches the very centre of such galaxies may 
create a large star cluster’ and power a central engine. The 
filamentary material observed in the cores of active and other 
galaxies may be the product of cooling flows. A possible connec- 
tion with QSOs” is tantalizing. The Lya luminosity of the 
filaments around NGC1275 is comparable with that of some 
natrow-line QSOs”. 
Optical spectroscopy of cooling flows allows many established 
diagnostic techniques to be applied. Abundance studies of large 
volumes of free (as opposed to photospheric or stellar) gas are 
< beginning. The quantity and distribution of optical radiation 

should be related to the clumpiness of the immediate intracluster 
_gas and thus to the distribution of stars that form. Radial velocity 
‘studies should reveal the.distribution of the gravitational poten- 











T'i in central galaxies, A direct link to the many radio structures 



















































is iat sirnple. Nevertheless, a powerlaw density distribution ol 
surrounding density (or pressure) may be important for th 
propagation, or otherwise, of jets. 
Cooling flows are observed in a wide range of clusters. Because 
some poor clusters with a central cD galaxy have large flows”? 
it seems that the intial conditions in subclusters are such th 
cooling flows are common. Merging of subclusters may then, 
occasionally turn cooling off. Cooling flows appear to be absen 
from those rich clusters containing two (or more) giant ellip 
ticals*'. These may have involved mergers of roughly equa 
subclusters such that any flows surrounding those giant galax 
were destroyed by mixing and. heating. Distributed | 
unfocused cooling could continue throughout the cores.of suc! 
Coma-like clusters. Einstein FPCS observations limit thi coolin 
luminosity to be equivalent to <250 Mo yr™' inthe Comacl 
itself. ae 
If hierarchical mergers of sub-clusters lead to present-da 
clusters, then cooling flows may have been more common 
the past, that is, at larger redshifts. It seems possible that thi 
may be connected with the inferred evolution of maty- activi 
objects, and particularly of the underlying galaxies. of. stron 
radio sources’ *. Cooling flows may provide nearby examples 
dissipational cluster and galaxy formation. 
C.R.C. is an Alfred P. Sloan Research Fellow and was su 
ted in part by NASA contract NAS-8-30752. A.C. F: thank 
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_new technique is used to determine the secular variation of the geomagnetic ancient field in Athens. The results indicate 
that published Greek archaeomagnitudes were seriously affected by alteration. It is shown that all intensities obtained using 
odifications of the Thellier method may be affected by alteration and are, therefore, suspect. 























THE Thellier thermal demagnetization method! and modifica- 
ions of it” have been used to derive the accepted data on the 
cular variation of the intensity of the geomagnetic ancient 
eld near Athens. The data I obtained previously” relied on the 
arity of a plot of natural remanent magnetization (NRM) 
‘emoved on heating and cooling in zero field against the partial 
rmoremanent magnetization (PTRM) introduced on cooling 

‘known field. I show here that this test can fail to detect 
ermally-activated alteration processes. Therefore, any 
comagnetic intensities obtained with techniques that rely solely 
n the NRM--PTRM linearity test are suspect’. 


earity test is widely used* but tests for alteration can 
ably never be tested experimentally. It is, however, possible 
culate the expected displacement of points on a NRM- 
M plot caused by a thermally-activated alteration process’. 
ig reveals that severe displacements can occur which still 
erve the linearity of the plot. The resulting value for the 
sity when calculated from the slope of the straight line was 
imes greater. Qualitatively the reason for this is easily 
derstood: if the activation energy for the alteration mechanism 
large, alteration will take place so slowly that the change 
ig the measurement becomes unimportant. If it is small, 
rocess of alteration will be complete early in the measure- 
_ cycle. Only if it is of the order of that for re-orientation 
€ magnetic moments will it be important, in which case it 
difficult. to distinguish from the magnetic processes. 
Note that alteration affects the measurements, not so much 
e it changes the mineral character of the sample, that is 
ptibility, but because it produces an additional, fictitious 





moment during the measurement. Consider the following 
hypothetical example. 

A sample is being held at a temperature Ty. Suppose that at 
a higher temperature T the equilibrium distribution for the 
moments of the individual grains differs from that at Ty. Let us 
suppose, for the sake of simplification, that it is heated to T 
‘instantaneously’. That is, in a time <107" s, so that none of the 
moments have had time to relax to this new distribution. If the 
moment is initially Mo, then after a time T it will have changed 
by an amount AM due to the (reversible) relaxation of the 
moments towards this new equilibrium distribution. Now sup- 
pose that during this time the sample has undergone mineral 
alteration which has changed M, irreversibly by an additional 
amount A. Then the error that A introduces in the total suscepti- 
bility is proportional to A/ Mo, but the error in calculating the ~ 
ancient field will be of the order of A/AM. So the effect on the 
susceptibility may be small, but the error produced in the 
intensity may be large. Therefore, trying to detect alteration by 
simply measuring the total susceptibility after the measurement 
has been made is less effective than detecting anomalous changes 
while the measurement is in progress. 

The results presented here have been obtained using a tech- 
nique which goes some way towards detecting, and even correct- 
ing for, alteration during the measurement cycle. This technique 
is related to an earlier one® in which the sample was held at a 
fixed temperature in a laboratory field within ~10%.of the. = 
unknown field. Alteration was detected from the change in slope 
of a graph of sample moment plotted against the logarithm of 
the time. The detection of mineral alteration in that method 
becomes difficult if alteration results in an increase in the 
moment € e0 s : “+ 







































M (arbitrary units) © 


In t (s) 


Fig. 1 The moment, M, plotted against In ¢ for a sample held at 
a temperature of 230°C. The first step, from 100 to 700 sis demag- 
netization of the NRM. The second curve of increasing M is the 
`; Magnetization step in a field of 50 wT. It also begins at 100s from 
‘the time that the field was turned on, and ends at.700 s. (The zero 
shift has been suppressed.) The last step is demagnetization of the 
viscous moment acquired during step 2. Note thatthe value of M 
ät the end of this step should be ~10% less than that at the end 
of step 1. Therefore, a small amount of alteration has occurred. 








stead of monitoring the moment as a function of time in 
aboratory field, the sample is held at a given temperature, 
zero field for a fixed length of time. After this step, it has lost 
_-°someof its moment. Then with the sample still at the same 
© temperature a known field is applied. The-ratio of moment lost 
to moment gained is related to a product of the ancient intensity 

< cand the logarithm of the ancient cooling rate. Mineral alteration 
can then be detected by performing a second demagnetization, 
while holding the sample temperature fixed: if alteration is still 
taking place it must increase or decrease the moment, which 
will cause an anomalous difference between the moment at the 
end of the second demagnetization and at the end of the first. 


? Theory 

ce The magnetization of a material containing blocked superpara- 

ae magnetic ‘grains is never at equilibrium but evolves slowly with 

~ time’, Assuming monodomain grains, and averaging over their 
anisotropy, the moment is 




















M= [7 JVn( VIN(V) dV (1) 


a where J is the saturation magnetization density, V is the grain 
» volume, n( V) the distribution function, and N(V) the number 
cof grains whose volume. lies between V and V+dV. Vmin and 
Vaas are the maximum and minimum grain volumes. All 
integrals over V discussed below are taken from Vanin to Vimax 
-In general, because the sample is not at equilibrium, n( V) is 
“time dependent, Allowing the volume dependence to be implicit: 


dn/dt= (neq ~ n)/T (2) 
where n.4 is some equilibrium distribution function, and 7 is a 
relaxation time, usually written 
pols ce KV/ET (3) 
where K is an anisotropy constant, and c is a rate constant of 
the order of 10°57! (refs. 6, 8). 
Equation (3) can be easily integrated if T is stationary: 


n= Reg a (n = Neg) 10 el 


n= Nig et + neg( I mer lty 


(4) 
2 substituting equation (4) into equation (1) 


Mit) = | JVN( Vy no exp (~ct en KV/ET) dV 






af IVN(V hall exp (rT (5) 





-The first term is ëquat 





_If R= 1 then after the third step, the remaining mom 








yn (5) can be thought of as de 
NRM, that is it represents the removal of the con 
those grains whose volume is less than V= (AT/K) In ct to 
existing moment. The second term is the replacement of the los 
moment with a new one. 

If the original moment is a TRM produced by cooling t) 
sample in a small field H,, from above the Curie temperat f 


= Ja VH4/3kTa 


where Ty is the M temperature for grains of volume 
and J, is the saturation magnetization density evaluated at’ 

The method involves three steps at a fixed temperature 
see Fig. 1. 
Step 1: Demagnetization of the NRM between time ty: 


























H, =0, therefore,n,, = 0 and n = ny e"? 
using equation (4) 
n= (Jy VHa/3kTa) exp (~et e7 */*7) 
M,= M(t) -M (t) 


= [ INV ne [VNC me! a 


-| IV[Jg VHA /3kTa]N(V) 


x[exp (ct, e7 *Y/*T) — exp (~etre Y 47] av : 
it is convenient to rewrite this as E 
Mi= ~Ha F; Ja T/JTa 
where 
= F(T, tp ti) 


-Í PVIN(V)/3kT[e "=~! dV 


the quantity JaT/ IT, is approximately equal to Incy/in 
whete y is the cooling time constant’ and has been ta 
out of the integral since In ct does not change much between 
and tp. 


At the end of step 1. 
n= Ja VH, /3kTa exp (~ct;e 


Note that n =0 up to V=(kT/K) in ct (these grains have be 
demagnetized). ; 
Step 2: Magnetization in a laboratory field H,, also between 
and ft: now ngg = JVH,/3kT 


Mit)= ~KV/kT) 


FEVIRTY 


JV{n exp (—cte 
+ JVH,/3kT[L— exp (et e7KY/T)]} N(V) dV 

M,= M(t))— M(t) ase 
M,= A, F(T, tn 4) ~ RH, F(T, 2t, tett) = H [F ~- RF] 
where‘ ae 


R= (JgT/JT3)H,/ AL = Hy, In cy/ Hy in et 


A second demagnetization is used to check for alteratio) 
following procedure is sensitive to any alteration which 
perature- and time-dependent, for example, thermally act 
processes, It depends on any change in moment due to alter: 
continuing during the magnetization (step 2) and a seco 
demagnetization (step 3): 

Step 3: Demagnetization in zero field. 


= JVM, /3kT(UL+(R e7" — 1) a7} 


is the distribution at the end of step 2, and the beginni 
step 3. Therefore, use of equations (1), (4) and (14) yield 


M; = -H [F ~ F+ RF] 












as the result of the ancient magnetization continuing to decay, 
during steps 2 and 3.) 
If alteration occurs equations (8), (12) and (15) may be written 


M,=~-RHA_F,+A, (16a) 
Mz = H (F, — RF) + A, (16b) 
M; = ~H (F, — Fa + RF;) +A; (d6c) 





where A,, A, and A, are the changes in moment due to alteration 
each of steps 1, 2, and 3. It is assumed that A, > A, > A; and 
at A, < F H< 1. 

Our objective is to compute R while minimizing the effects 
of A,, A, and A;. One way to do this is to obtain R from 


Q = 2(M, + M;—M,)/(M,—- M3) (17) 


In this way the numerator will contain A,+A,~A,, the 
denominator A, — A,, and the effects of alteration will tend to 
ancel each other: equations (16a), (16b), (16c) and (17) yield 


R= Q-b(1—Q/2+Q?/2) +c(1 +Q/2) 
+1/ FLA, ~ Al~ Q/2) ~ As + Q/2)] 


where b = F,/ F, and c = F/F, 
Fao, c=0.59b 








































R = Q — b(0.41 -0.84Q +0.5Q°) 
+[A; = Ax ~ Q/2)— Ax(3Q/2))/ F, 


R=Q-b(0.07)+(A, 


expected that A, > A, > A. 
oe a specific example: if the alteration varies with time 
p , appropriate for an oxidation reaction then 


ee Ax (2'/?~ 1) ty? and A,x (3? -2 
d since b< | 


R = Q+[0.3 — (to/ t) JA, / Fil — (o/t) °] 


{g/t;~ 0.1 the effect of alteration is negligible. 

Note that alteration in the properties of the material is not 
important as the fact that the properties are altering during 
he measurement. The change in moment due to alteration may 
ye small compared with the moment of the sample, but important 
mpared with M,, M, or M;. In other words, alteration is 
cting the viscosity coefficients. Therefore, alteration that 
akes place before the first data point at f) can be safely ignored, 
ovided that the total change in moment due to alteration is 
mall compared with the total moment of the sample. 


~ A2/2~-3A3/2)/ F; 


12) 1/2 


pparatus used consisted of a superconducting quantum 
tference device (SQUID) second-order gradiometer con- 
cted for biological purposes. The addition of a p-metal shield 
d the ambient field to negligible proportions, and pro- 
a signal-to- -noise ratio of better than about 3,000-to-1. A 
W noise level is necessary for viscosity measurements because 
changes i in moment-are quite small. 
The sample consisted of a small core 4mm in diameter by 
m thick. It was held in an oven, and oriented so that its 
jent was parallel to the magnetometer axis. The oven was 
nted on a goniometer so that the sample orientation could 
hanged. The oven temperature was controlled by a computer 
ter than 0.1°C. The goniometer positioned the sample 
ide the magnetometer-cryostat about 9 mm below the bottom 
-of the magnetometer. 
To obtain valid data, it was necessary to ensure that all ancient 
roduced between the time of manufacture and the start 


nt process) viscous: moments: bad been. 2 In addition to o this, results a pride by C. Williams) fromt a. 
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Fig.2 Greek archaeomagnitudes obtained with the new method. 
The old values are indicated by the dashed line. About three- 
quarters of the difference is due to alteration, the remainder being 
the result of the fast cooling rate used in obtaining the old data. 
The vertical error bars represent the standard deviation determined 
from the total measurements for each sherd, usually a minimum 
of six since six temperatures were used for each sample. The 
horizontal bars represent the limits on the data of the sample. The 
dashed line represents the old data. The open circles are values of 
H,(1 +0.1) M,/Msg, (the 10% increase is included to account for 
the difference in cooling rate). It is evident that they are close to 
the old data. 


removed, The presence of ancient viscosity was signalled by a 
changing value of R. It was difficult to determine precisely to 
what temperature the viscous moments persisted, but for a 
10-min heating period they did not appear to be removed before 
220-230 °C was reached. This value agrees with a theoretical 
estimate obtained using the theory in ref. 7. Therefore, only data 
above this temperature were used. 

lt was important to use temperature intervals large enough 
to ensure that the manipulations at the preceding temperature 
would not have any effect. The total time at each temperature 
was 30 min. Experiment showed that a 25 °C temperature inter- 
val would suffice. 








Table 1 Data for an Attic sherd dated 575-540 Bc 
2(~M, +M, +M. 

T M, M, M; ( i 2 3) ( Ha ) 
CC) M,- M, (aT) 
232 ~232 204 -252 0.86 43 
254 -211 193 -215 0.92 46 
276 ~218 198 ~212 1.00 50 
298 21 205 ~194 1.12 56 
320 —222 125 ~177 1.13 56 





At its present stage of development, the goniometer could not 
be adjusted during a run. However, on checking at the end of | 
a run it was found that the orientation of the sample moments. 
never changed by more than 5°. 7 

This method isolates the effect of alteration in steps:2.and 3 
through small changes in the magnetic moment of the sample. 
It is, therefore, a fundamental test because if the moment remains 
unchanged then the alteration, by definition, cannot matter. Of 
course, if alteration occurs only during step 1 the test will not 
detect it. 

Using this technique the Greek material that had been used 
to obtain. the results: published in ref. I has been remeasured. 
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Fig.3 Plot of NRM lost on heating in zero field and then cooling 

` Cto room temperature against the total moment after heating and 
cooling in a laboratory field of 77.4 pT for a sample taken from a 
Greek sherd dated between 575 ac and 540 Bc. The solid line was 
the preferred choice in the original report, and yielded a value for 
H, of 73 pT. However, the points included have been affected by 
alteration. The dashed line takes in points which have not altered 
cand: yields a value for Ha of 55 pT in agreement with the data 

sees presented here. 


series of sherds from the Corinth excavations have been 
included. 

“Beginning at 230°C, data were taken at 25°C temperature 
intervals until the degree of alteration became too large, usually 
below 350°C. The ancient field was calculated from the value 
of R assuming that In cy =In ctp. Since t;= 600s the cooling 
time for the pottery which would correspond to y = 600s is 
roughly 24h. The value of R, in turn, was obtained from M,, 
M; and M, using equation (17) and letting R = Q. The results 
‘are shown in Fig. 2. 


Discussion 
The new values are considerably lower than the old, Some of 
~~ this discrepancy can be traced to a cooling rate effect as the 
_ samples were cooled very rapidly (in about 100s) in the old 
_ experiments. However, this only accounts for a correction of 
cw about 10% of Ha. The major reason for the discrepancy is 
alteration. This is apparent if the ratio M,/ M, at the highest 
temperature (~350°C) is plotted for each sample. The data 
from this temperature would be most affected by alteration. 


Received 16 April; accepted 28 June 1984. 


SOP Thellier, E. & Thellier, O. Annis Geophys. 15, 285-376 (1959). 
2.: Walton, D. Nature 277, 643-644 (1979). 
3. Greer, Tucholka & Barton (eds) Geomagnetism of Baked Clays and Recent Sediments. 
4. Aitken, M. J. in Geomagnetism of Baked Clays and Recent Sediments (eds Creer, K. M. 
“oo. Tuchotka, P. & Barton, C. E.) 79-83 (Elsevier, Amsterdam, 1983). 







































































M,/ M; is also equal to the ratio of NRM lost to PTRM gained 
in the modified Thellier method. ee 
A detailed comparison of the old results from one of th 
sherds with those obtained using this new technique con rms 
this conclusion: the results for the new method are shown in 
Table 1 for a sherd dated 575-540 Bc. The ratio of M, to M: 
is a measure of the degree of alteration, because alteration wi 
affect M, and M, in opposite ways. This ratio becomes progres: 
ively larger as the temperature increases. At the maximum tem 
perature employed, 320 °C, the difference between |M,| and |M 
has become about one third of |M,|. If this is taken to b 
measure of the alteration, this is now so severe that the correction 
procedure we are using becomes questionable. This indicates 
that the results obtained above this temperature include 
increasing contribution from alteration, and that this: d 
an overestimate of the ancient field intensity. The original Nk 
PTRM plot is shown in Fig. 3. In fact, using the points betw. 
200 and 350°C to obtain’a value for H, gives 0.55 pT, in goo 
agreement with the value in Table I, bearing in mind the n 
to correct for a fast cooling rate. However, in treating the orig 
data the points above 300°C yielded a better straight line, an 
according to the usual practice these were preferred. Th 
choosing the ‘best’ straight line gave the wrong answer. 
The test we have used for alteration is fundamental: in effe 

it monitors the moment of the sample at ‘the. measure 
temperature. A return to a lower temperature to ck 
susceptibility is unsatisfactory because a completely | iffe 
set of grains is involved, and the change due to alteration 
small fraction of the total susceptibility. 2 
It is easy, however, to employ a variant of this test 
Thellier method. All that is required is a three-step. hea 
procedure. First, heat to a given temperature and cool in 2 
field: this measures moment lost. Second, heat and cool tothe 

same temperature in the lab field. This measures moment gain 

Third, heat and cool again in zero field. og 
Because the NRM continues to decay during steps 2 and 
the moment at the end of the third step. should be slightly low 
than that at the end of the first if no alteration has occurri 
(The exact difference must be calculated, of course.) Nee les: 
to say it is necessary to carefully control the time and temperatur 
for each step. — 


ee 


Conclusions 


This new technique makes it possible to detect the mine 
alteration on heating with greater sensitivity than. previo 
possible. It may be possible to correct for a small degree o 
alteration although the degree to which alteration has occurre 
before measurement remains an open question. Finally, it shouk 
be noted that the original data were reproducible and self 
consistent. Thus the: reproducibility and self-consistency 
experimental results while comforting are no guarantee. of 
accuracy. It is dangerous to rely solely on these criteria. 
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support was also received from the Natural Science 
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nterchromosomal gene conversion between alleles has been shown in yeast frequently to be associated with the recombination 


of flanking genetic markers, Although this also holds true for gene conversion between two alleles of the yeast mating-type 
(MAT) locus, initiated by the homothallic switching system, we find no evidence that crossing-over ever accompanies gene 
‘onversion between the non-allelic HMR and MAT genes when initiated by this same homothallic switching system. 





THE alternative alleles of the mating type locus, MATa and 
MATa, confer an a or a mating phenotype, respectively, on 
accharomyces cerevisiae cells. Cells containing the homothal- 
sm gene (HO) interchange between a and a cell types as often 
as.every generation in a highly regulated pattern of cell 
neage’™, This process of mating-type switching involves the 
substitution of genetic information copied from either the HML 
or the HMR locus for the allele residing at MAT (Fig. 1)*"°. 
hé mating-type information residing at the HML and HMR 
, called cassettes, behave differently from that residing at 
e MAT locus in two important aspects. First, the HML and 
IMR information is kept unexpressed by the action of at least 
ur different loci, variously known as MAR (ref. 11), SIR (ref. 
2) or CMT (ref. 13); mutations in any one of these genes allow 
i pression of the HML and HMR loci. Second, the HM loci 
wild-type strains do not switch; they only act as donors of 
netic information for transposition into MAT (ref. 5) (see 
refs 14-17 for reviews). 
Current models for recombination postulate the generation 
a local region of heteroduplex structure formed by two 
teracting homologues of DNA'®?!, Gene conversion is a 
netic phenomenon believed to be due to correction of the 
mismatched region of heteroduplex DNA. Resolution of the 
ossed-strand (Holliday) joint in meiosis is postulated to result 
recombination of flanking markers in about 50% of cases. 
tis expectation arises because the four-strand-stage Holliday 
structure. can isomerize to allow reciprocal recombination 
ccompanying the gene conversion event”’?', Recent studies 
yave provided circumstantial evidence for the suggestion that 
mating-type gene transposition also occurs by the general pro- 
of gene conversion®™*>, 
‘Three properties, however, make mating-type switching quite 
ct from the standard gene conversions observed at many 
er loci in yeast and other fungi. The molecular basis for the 
gh efficiency'’** unidirectionality**”* is now known. The pres- 
eport addresses the resolution of the MAT switching inter- 
diate which occurs almost always without recombination of 
nking markers. This is in contrast to other loci studied where 
ne conversion events are associated with crossing-over in as 
ny as.50% of events”. 
There are several plausible reasons for the absence of crossing- 
er during the mating-type switching event: (1) MAT switching 
occur by diffusible replicas of the HM donor loci: (2) MAT 
itching is usually an intrachromosomal event and intra- 
‘omosomal gene conversions are known to be unassociated 
h crossing-over in both the mitotic®® and meiotic’'” cycles. 
uch cases the extent of sequence homology between the 
acting segments: may be a limiting factor. (3) Specific mat- 
pe system. features such as MAR/SIR control’, 








tnomous replication sequences (ARS) or other sequences 


flanking MAT and the HM loci may dictate resolution of the’ 
switching intermediate without crossing-over. Some of these 
possibilities are tested in the results presented here. 


Interchromosomal MAT to MAT transfer 


We investigated whether there was an association of crossing- 
over of the closely linked flanking markers with MAT to MAT 
transposition between allelic sites. To do this we needed a 
diploid strain that could satisfy three criteria: (1) homothallic 
switches at MAT must be the result of sequences donated from 
the other MAT allele, not one of the usual HML or HMR donor 
loci; (2) the MAT loci must not be subject to multiple switches: 
(3) the flanking markers must be genetically marked. 

To ensure that the switching event was interchromosomal and 
from one MAT allele to another, we constructed strains in which 
the normal donor loci HML and HMR were deleted (amid and 
Amr&). To ensure that switching would occur only once in one 
of the MAT alleles, we used as donor allele an inconvertible 
allele of MATa which switches only rarely, MATa-inc (ref. 34). 
The defect in MATa-inc is known to lie in that part of the 
cassette that can be transposed****. The mata allele used is 
defective in the MATa function required to shut off switching 
in a/a cells, but is an efficient substrate for switching. The 
flanking regions were marked with the cry/ and thr4 mutations. 
The CRY! marker is located about 2 centimorgans proximal 
and THR4 is situated about 20 centimorgans distal to MAT 
(ref. 37). These map distances are based on meiotic recombina- 
tion frequencies; mitotically these markers recombine at 
frequencies <1 x 107". The experiment involves mating cells. of 
strain K465 (hmlA cry! mata THR4 hml A ho) with cells of strain 
K467 (hmlA CRY! MATa-ine thr4 hmr& HO), allowing them 
to switch to MATa-inc/ MATa-inc and scoring whether the 
switched strains have recombined or retained the parental con- 
figuration of the ery! and thr4 alleles (see Table 1 for complete 
genotypes). MAT to MAT interchromosomal transpositions 
occur efficiently at rates equivalent to those from the HM loci 
(data not shown). 

Thirty zygotes generated by mating cells of strain K465 with” 
cells of K467 were allowed to grow to form colonies. The zygotic — 
progeny were subcloned to obtain pure cultures derived from 
a single switching event. Two subclones from each zygotic 
progeny were analysed by tetrad analysis to. ascertain the linkage 
between CRY! and THR4 markers: The MATa-ine/ MATa-inc 
cells were sporulated by the kar! procedure”, At least 10 asci 
from each subclone were dissected. Each subclone had the 
MATa-inc/ MATa-ine genotype and segregated 2 CRY1:2 cryl 
meiotic products, Linkage of cry] and thr4d was determined and 
showed that, while 34 subclones had the parental configuration, 
12 had recombined (cry/, thr4/ CRY], THRA): 1 homozygous 
thra/ thr4: 4 homozygous THR4/ THR4. Thus, a significant pro- 
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Fig. 1 Arrangement of HML, MAT and HMR loci on chromo- 
«some ILI and the process of mating type switching. The MATa 
andthe MATa alleles differ by an allele-specific DNA substitution: 
Ya is a unique 642-bp and Ya is a unique 747-bp segment. Each 
of the HML, HMR and MAT loci carry the X region (707 bp) to 
the left and the ZI region (239 bp) to the right of Y region. HML 
‘and MAT share two additional homologies: the W region (723 bp) 
and the Z2 region (88 bp)”. HML and HMR are located on 
Opposite arms at least 100 kb away from MAT°°~*?, MATa and 
MATa each code for two transcripts that are divergently tran- 
scribed from the Y region to the outside’?’*. MAT switching occurs 
-o by substituting information residing at MAT with the information 
“Se coppied from HML or HMR by a unidirectional transposition 
process*"'°. The DNA sequence replaced from MAT is apparently 
lost. The MAR/SIR control keeps the HM loci unexpressed and 
: also does not allow-them to switch. The solid dot represents the 
centromere. RI, EcoRI endonuclease site; H, Hindili site. The 
<< DX probe sequence is comprised of about 3.7-kb EcoRI-Hindlll 
MATa sequence, while probe 414 is terminal ~400 bp centromere- 
distal MAT sequence derived from the Xhol linker insertion 
mutant. The physical map is not drawn to scale. 
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Fig. 2 Crossing-over associated 
with mata to MATa switching in 
K604 x K465 zygotic progeny should 
generate two recombinant chromo- 
somes, one containing the MAT 
| (centromere-proximal region)- 
| HMR (distal region) recombinant 
+ cassette (that is, Hawthorne’s dele- 
tion?) and the other containing 


PO MAT N x| | HMR 


HMR (proximal)-MAT (distal) 
, cassette (the SADI mutation*'). 
MAT-HMR 
fusion MAT 
HMR-MAT 
fusion 


-portion of MAT switches are associated with recombination of 
‘flanking markers, a result indicating a physical interaction 
between the donor and the recipient during switching. No 
switching and recombination was observed in ho cells (data not 
: shown). 


Interchromosomal HMR to MAT transfer 


‘In contrast to the experiments described above, MAT switching 
-is usually an intrachromosomal gene transfer event where the 
_ genetic information is transmitted from the donor HM loci to 
AT. The question then arises whether the absence of crossing- 
nthe MAT switching. system is simply a consequence of 
ct that MAT. switching is usually an intrachromosomal 











fso, we should find crossing-over when the information. property is dictated by the-MAR/ SIR control which repr 




















































Table 1. Genotype of strains used“ 





K465 hmlA* mata hmrA ho MAR* cry! hisx tyr7 met13 let 
MAL2 l 

K467 hmlA MATa-inc hmrA HO MAR* thr4 trpi metx urax 
teu2(?) MAL2 

K581 hmlA MATa hmra:: LEU2 HO MAR® leu2 trpi ise 

K496 hmiA mat hmr& HO MAR* thr hisd tpl leu? ura. 
MAL2 

K 526 hmlA& mathhmrA HO mar! thr4 leu2 trp! urax MALZ; 

K582 hmlA MATa hmra:: LEU2 ho mart leu2 trp ` 

K597 hmlà MATa hmra:: LEU2 ho mar2 leu2 trp] hist lys2 

K599 hmlA matA hmrA HO mar2 thrå leų2 his! 

K604 hmlA MATa-ine HMRa HO leu2 ade6 yee ure 


met(?) mal” 


* A represents deletion of a particular locus. The proce 
construction of deletions of HML, MAT and HMR have beende: crib 
elsewhere***”, The Amra:: LEU2 allele carries a deletion of 70 bp tha 
spans the Y/Z junction, ending 9 bp into ZI into which the 2.2-kl 
Sall-Xhol LEU2 fragment was. inserted. This construction was: firs 
made at MAT”. The internal fragment contains a part of the X 


is transposed from the HM locus residing on one chro 
to the MAT locus situated. on the homologue. 


progeny of K604 (hmlA MATa-inc HMRa HO) x K46 
mata hmrA ho) diploid zygotes were analysed by tetrad an 
These result from interchromosomal gene transpositie 
mata is changed to MATa since the original MATa-i 
K604 x K465 zygotic cells express an a phenotype and W no 
sporulate. The MATa-inc/ MATa cells cannot switch further!’ 
If crossing-over were associated with switching, we would ex 
diploid cells in which both recombinant products (Fig. 2) sho 
be present. The chromosome. bearing the HMR-—MAT fusio! 
cassette (known as SAD1) contains a duplication of the chromo 
some region between the MAT and HMR cassettes?! whil 
the MAT-HMR fusion cassette reciprocal structure (known a 
Hawthorne’s deletion) is deleted for the corresponding seg 
ment”. Haploid cells bearing the Hawthorne deletion die” 
Consequently, events in which crossing-over is associated witl 
switching should generate 2 live:2 dead meiotic products ii 
each ascus. 

A total of 26 independent MATa-inc/mata to MATa 
inc/ MATa switches were analysed by tetrad analysis. Atle 
five asci from each switching event were dissected. None segr 
gated 2 live:2 dead, indicating the absence of crossing-over 
associated with interchromosomal gene transposition, Spor 
viability in these dissections was high (~86% ). Furthermore 
the MAL2 marker, which is tightly linked to HMR. (<t cent 
morgan)”, segregated 2:27 and in pooled data, parental link- 
age of MAT allele to MAL2 (and therefore the tightly linked. 
HMR) allele was maintained. Both observations demo: trat 
that the parental configuration of chromosome III. marke 
maintained during switching. Therefore, the switched cells mu 
have resulted from proper interchromosomal HMR to 
transpositions. Such switches were HO dependent (data. nc 
shown). 

The results presented thus far demonstrate that interchrome 
somal transpositions between allelic sites (MAT to MAT) at 
associated with recombination of flanking markers. where: 
interchromosome and intrachromosome transpositions (prese 
ted below) from the HMR locus to MAT are not. Therefor 
inter- versus intrachromosome difference alone is not sufficient 
to explain this phenomenon. However, some other..special 
feature may have been selected into this system, because ass 
ated crossing-over during HM loci to MAT transposition woul 
result in lethal deletions. This outcome is predicted from th 
three cassettes being arranged in the same orientation. 
chromosome III (Fig. 1). The following studies test whether th 
















_ locus is not known to be regulated by this control and therefore 
MAT to MAT transpositions may resolve with crossing-over. 
The following studies test whether the MAR/ SIR control affects 
the resolution of the switching intermediate constructed during 
HMR to MAT transposition. 


Effect of MAR/SIR control 


To test whether MAR” control affects recombination of flanking 
markers a MAR* strain K581 with the genotype hmlA MATa 
THR4 hmra-inc:: LEU2 ho was constructed. The hmra- 
¿inc :: LEU2 allele contains a deletion of ~70 base pairs (bp) 
spanning the Y/Z boundary. In place of the deleted sequence 
a 2.2-kilobase (kb) fragment of DNA containing the LEU2* 
gene was inserted by recombinant DNA techniques. As the 
deletion removes the site (YZ junction) where the HO-depen- 
dent endonuclease cleaves MAT (ref. 24), this construction acts 
as a non-switchable (inc) allele when transposed into the MAT 
“locus. To provide the HO gene function required for switching, 
othe K581 cells were mated to cells of K496 (hmiA matA thrd 
chmrd HO). Strains containtng the deletion of MAT mate as a 
cells and the MATa/matA diploids behave as æ cells and are 
herefore expected to switch. Switches of zygotic cells and their 
progeny from a (MATa) to a (mata) were monitored in a cell 
_ lineage by the procedure described previously which examines 
switches at the single cell level”. Sister cells of each switched 
_ pair were grown separately into colonies and analysed. 
_ Recombination of flanking markers during HMR to MAT 
transposition in this experiment would fuse MAT with HMR, 
esulting in loss of the acentric DNA piece containing the 
THR4* marker. Cells with such recombinations should thus 
exhibit a Thr phenotype. The resulting switched mata- 
ine: LEU2 allele should not switch further because of the inc 
defect. Because switches occur in pairs of cells, it is thought 
hat a newly switched allele is replicated and segregated into 
‘wo sister cells’. If so, a crossing-over event should generate 
oth cells of a switched pair with the Thr” phenotype. 

The competent cells were observed to switch with an efficiency 
of 40%. We find that diploids frequently switch at a slightly 
educed frequency "(39-50% compared with ~76% in 
aploids)**. A total of 136 pairs and 16 single switched cells 

were tested for threonine requirement. None of the pairs 
ncluded both. Thr” sister cells (Table 2). However, 10 pairs 
expectedly produced 1 Thr*:1 Thr” cells. 

Analysis of DNA isolated from the | Thr*:1 Thr” pairs 
rovided an interesting explanation. Figure 3 shows the analysis 
of six pairs. The transposition of LEU2 insert from the 
mra:: LEU2 cassette into MAT should generate a new 6.4-kb 

indlll fragment with the concomitant loss of 4.3-kb MATa 
ragment. All the Thr” cells carry the predicted 6.4-kb fragment. 
However, four among six Thr’ switched cells (lanes e, f, k, o) 
arry an additional cassette (7.14 kb) running slightly above the 
l-kb hmra:: LEU2 fragment. Subsequent experiments 

scribed below) showed it to be a SAD1/-like rearrangement, 
ich results from a recombinant cassette containing HMR 
ximal and MAT distal sequences, and thus has a tandem 
plication of sequences between MAT and HMR”. All 
r7 switched cells instead possess the MAT~HMR fusion 
Hawthorne’s deletion) of predicted size 6.36 kb: accordingly, 
he hmra:: LEU2 cassette is missing. 
-< To confirm the identity of the presumed Hawthorne’s deletion 
n Thr” and the SADI cassettes in Thr* switched cells, the DX 
robe was washed off the nitrocellulose filter used for Fig. 3 

id the filter was rehybridized with probe 414. This probe 

ymprises ~400 bp of the centromere distal end of the MAT 
findIH fragment (see Fig. 1) and is predicted to be missing in 
Strain containing the Hawthorne's deletion, but to be present 
n HindIl fragments bearing the MAT and the SADI cassettes, 

The predicted results were obtained (Fig. 4). In addition, the 
xtent of hybridization of the probe to HindIII fragment con- 
ting the SADI cassette in each case was constant and was 
eq8ivalent to that seen with the MAT containing fragment, 





ession and ability of the HM loci to switch. The MAT | 
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Fig. 3 Southern blot analysis” of Thr*:Thr` pairs of switched 
cells of K581 x K496 zygotic progeny. Lane a, size markers: lane 
b, K496; lane c, K581; lanes d-o represent six different Thr* : Thr” 
pairs. H, Hawthorne’s deletion cassette; S, SADI cassette. The 
strain K496 carries sequences homologous to the DX probe on a 
smaller 1.7-bp HindIII fragment representing the marA allele from 
which the whole cassette sequence has been deleted. Because of 
its small size this fragment ran off the gel presented. DNA was 
prepared from stationary phase grown cultures. ~I pg DNA 
from each strain was digested with the HindIll endonuclease, 
fragments were separated by agarose gel electrophoresis and then 
transferred to a nitrocellulose filter®*. The filter was probed with 
*P-iabelled pBR322 plasmid containing the DX (Fig. 1) sequence 
and subjected to autoradiography". As the DX probe has extensive 
homology to HML, MAT and HMR sequences, fragments bearing 
those cassettes can be visualized. 


indicating stability of the chromosome possessing the SADI 
rearrangement. Based on these results it seems that most (6 
among l0 tested) Thr” cells do not result from direct fusion of 
MAT with HMR but are instead a consequence of an unequal 
sister chromatid exchange, with recombination occurring 
between different cassettes. This generates one chromatid carry- 
ing the Hawthorne's deletion and the other the SAD/ rearrange- 
ment (see Fig. 5). These recombination products are distributed 
into two sister switched cells. 

The additional Thr”: Thr” pairs presented in Table 2 are also 
not a result of recombination of flanking markers as these events 
would generate Thr” pairs of switched cells. Therefore, we 
conclude that there is very little, if any, recombination of flanking 
markers during HMR to MAT transposition in standard MAR* 
strains, In addition, the hmra-inc:: LEU2 allele acts as a good 
donor and we presume that the cassette fusions do not result 
because the donor allele contained an insert of 2.2-kb LEU? 
DNA. Note that the MAR/SIR control may not be operative 
at the hmra-inc :: LEU? allele. Should this control dictate resol- 
ution, we expected recombination of flanking markers in nearly 
50% of switching events. This was clearly not observed. Haber 
et al have shown that intrachromosomal transpositions 
between duplicated MAT genes placed at MAT occur efficiently. 
and only 1-5% switches accompany reciprocal recombination. i 
In the light of our results such recombinations may also be due. 
to uneven exchanges. 

To test the mar! and mar2 effect on resolution, an experiment 
similar to the one presented above, but with mar! mutant strains, 
was conducted, The switching efficiency of competent cells of 
K582 (hAmlA MATa THR4 mata-inc:: LEU2 ho mar!) x K526 
(hmlA mat thr4 hmrd HO mar!) zygotic progeny was observed: 
to be 40% (24 among 60 tested). Among a total of 124 pairs 
and 53 single switched cells assayed, 9 pairs contained | Thr’: 1 
Thr cells, one pair were both Thr” and five single cells were 
Thr’. Southern blot analysis (data not shown) of the pairs 
containing the Thr” switched cells is summarized in Table 2. 
Only one pair, in which both members were Thr” and both 
contained the Hawthorne’s deletion, may have resulted from 
switching associated with crossing-over, 

In the same way, the effect of mar2 on the resolution of the 
recombination. intermediate was investigated using K597 (imi A. 
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Fig.4 Identification of Hawthorne’s deletion and SAD! cassettes 

present in K581xK496 switched Thr*: Thr” pairs, The same 

nitrocellulose filter used for the experiment presented in Fig. 3 was 

immersed in 0.1% Sarcosyl at 80°C for 10 min to wash off the DX 

probe. The filter was rehybridized with **P-labelled probe 414, 
Lanes as in the legend to Fig. 3. 


MATa THR4 hmra-inc :: LEU2 ho mar2) x K599 (hmlA MATA 
thrd hmr& HO mar2) zygotic progeny. Among 58 pairs of 
_ Suitehed čells tested, only one 1 Thr*:1 Thr” pair was produced. 






è havë shown that efficient recombination of flanking markers 
‘occurs during MAT to MAT interchromosomal gene trans- 
position mediated by the mating-type switching mechanism. In 
contrast, both inter- and intrachromosomal HMR to MAT 
transpositions occur without crossing-over. This lack of recombi- 
-nation is not regulated by the MAR/ SIR control. Usually HML 
and HMR loci act as efficient donors for MAT cassette switch- 
ing. The results presented here demonstrate that the MAT 
-cassette may act as an efficient donor as well. 

-The low frequency (~1%) of fusions between MAT and the 
= HM Ñoci found in HO cells during intrachromosomal gene 
_ transfer events has previously been used to argue for recombina- 

tion of flanking markers, and hence gene conversion, as the 
“mechanism for transposition’’. Our results demonstrate that 
“these fusions instead may. be arising from unequal exchanges 

between different cassettes (this paper) or because of the sec- 
ondary consequence of the double-strand DNA break found at 
~. MAT-in Mar” (ref. 24) and also at the HM loci in Mar” cells”. 

Therefore, the best published result which is consistent with the 

idea of gene conversion as the mechanism for cassette transposi- 
“tions is the observation of efficiently generating wild-type MATa 

recombinants from two different mutant a cassettes, one residing 
‘at MAT and the other at HMR (ref. 23). 

The observation that MAT switching always occurs in pairs 
of cells™ implies that switching occurs before or at the time of 
i MAT DNA replication. In contrast, the sister chromatid 

exchanges observed here must occur in the G, phase of the cell 
` cycle. These events are observed at a reasonably high frequency 
“and are therefore likely to be mediated directly or indirectly by 











Table 2 Rearrangements in Thr*: Thr” switched pairs 


MAR** mar! 
Pair (K581 x K496) (K582 x K526) 
Hawthorne's deletion: SADI 6 4 
Hawthorne's deletion: standard 
chromosome 3 2 
Hawthorne’s deletion: Hawthorne’s 
deletion 0 i 
Loss of chr. IM : standard 
<: thromosome 1 l 





: bos of chr: loss of 








CFA total of 136 pairs in the MAR® and 124 pairs in the mar! experiment were 
tested ‘ot threonine requirement, 





-precluding crossing-over of flanking markers. It is interesthg 
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Fig. § Unequal sister chromatid 
exchange between MAT and HMR HMR 
cassettes. This recombination gener- 
ates HMR-MAT (SADI) and MAT- 
HMR fusions (Hawthorne's dele- 
tion). These products. are distributed 
into sister cells in the next mitotic 
cycle. The cell containing the Haw- 
thorne deletion exhibits a Thr” 
phenotype. 
MAT -HMR 
fysion 



























the switching mechanism. We may imagine that regions of th 
chromosome bearing the HM loci may replicate before the 
switching event. Following interconversion, MAT or the 
loci may exist in a configuration allowing recombination 
the other cassettes (for example, unfilled gaps or nicks’ in th 
DNA). We realize that another interpretation of the results could 
be that switching occurs after MAT DNA replication; howeve 
in this model, to explain the pairs rule, one must further postul 
that when one chromatid switches the sister must always | foll 
suit. 

Why is there no recombination of flanking markers. durin, 
HM loci to MAT transposition? Is this a general property. c 
an intrachromosomal gene conversion? Recent studies on. dup! 
cated his4 (ref. 30) elements in mitotically growing yeast cells 
and on duplicated his3 (ref. 32) and leu2 (ref. 31) elements i 
meiotic cells also show a lack of crossing-over associated wit 
intrachromosomal gene conversion. We have shown here that. 
not only intrachromosome but interchromosome transpositio 
from the HMR locus to MAT occur without crossing- \ 
Therefore, the difference between inter- and intrachromosom 
transposition does not in itself explain the lack of crossing-o 
in the MAT-switching system. The DNA sequences around th 
HM and/or the MAT loci may control resolution. Additiona 
the extent of sequence homology between different cass 
may not be sufficient to allow isomerization of Holliday. ju 
tions. The same reason may also explain the lack of crossing: 
associated with intrachromosomal gene conversions of his4, 
and leu2 duplicated elements. This property has rather profoun 
biological implications, as associated crossing-over during gene 
conversions between non-allelic sites will cause deleterious dele- 
tions, inversions and translocations. 

Based on studies of mitotically growing cells, Esposito? ha 
concluded that spontaneous gene conversions in yeast rèsul 
from the repair of heteroduplex DNA formed at the two-strand 
stage in the G, phase of the cell cycle and that Holliday junction 
resolution occurs by DNA replication. Note that the 
autonomously replicating sequences (ARS) are present. at-sites 
closely flanking the HM loci*®. These ARS sequences. may 
resolve the switching intermediate by DNA replication ina w 


according to the two-strand model of Esposito** 
~ consequence of double-strand breaks found at MAT. 


ee eee 











MAT interchromosomal transpositions 

æ associated with homozygosis ,of the distal THR4 marker. 
This ‘may reflect replicative resolution. of Holliday structures 
, or may be a 
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The association of reciprocal exchange with intrachromosomal gene conversion has been examined using an inverted repeat 
at the HIS3 locus of Saccharomyces cerevisiae. Intrachromosomal gene conversions between the duplicated inverted 

equences are frequent. In contrast to gene conversion events between homologous chromosomes, intrachromosomal gene 
conversion is not associated with reciprocal exchange in flanking sequences. This observation has important consequences 





for the role of gene conversion in the maintenance of multigene families. 








E genetic interactions that occur between direct gene duplica- 
tions have been studied in both the mitotic’ and meiotic’ stages 
of the life cycle of the yeast Saccharomyces cerevisiae. These 

udies have shown that most of the interactions are gene conver- 
sion events. Genetically this is a mechanism which produces 
quence homogeneity, yielding two genes of identical genotype 
id presumably identical sequence) where initially the genes 
ere non-identical. Gene conversion events are of importance 

evolutionary considerations of the behaviour of a 
repeated genes in the germ line of higher eukaryotes” 

_ In the fungi, approximately 50% of meiotic gene conversion 
vents are associated with outside marker exchange™'”. Once 
the observed values are corrected to take into account incidental 

hanges in the regions examined’, this figure falls to 35%, 

the values for conversion-associated exchange frequency 
gir g over, 0. 18-0.66 refs 10, Se These studies describe 
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interchromosomal gene conversion events, occurring between 
homologues. 

If intrachromosomal gene conversion were also associated 
with reciprocal exchange, a deletion of the sequences between: 
the repeats would occur whenever the repeats were in the same: 
orientation. Inversion of the sequence between the repeats would 
occur when the repeats were inverted. Previous experiments 
have suggested that reciprocal exchanges are not associated with 
intrachromosomal gene conversion events between direct dupli- 
cated genes’. However, due to the particular constructions 
used, conversion events associated with reciprocal recombina- 
tion of flanking markers could not be distinguished from 
reciprocal cross-overs. Both types of events will result in the 
loss of one copy of the duplicated gene. 

Here we examine genetic interactions between an inverted 
duplication of the HIS3 gene in Saccharomyces cerevisiae. No. 








uplication of the HIS3 gene. pul 
arrying the yeast HIS3* gene'* was 
cleaved with BamHI and religated to 
give pHK25. This plasmid is identical 
to YIpl with the exception that the 
. ‘BamHI fragment is inserted in the 
“opposite orientation. pHK25 was 
“digested with Xbal or Kpnl and used 
to transform a his3~ strain to HIS3*. 
Using the Xbal-cut pHK25 plasmid, 
the transformant 211-7D/pHK25-6 
was recovered with the HIS3 genes in 
inverted orientation. Using the KpnI- 
cut pHK25 plasmid, the transformant 
211-7D/pHK25-5 was recovered. This 
strain carries the HIS3 genes as a direct 
‘repeat. The restriction maps are not 
drawn to scale. The restriction enzyme 
sites are: R, EcoRI; S, Sall; Y, Xbal; 
B, BamHI; X, Xhol; K, Kpni. Jagged 
line, pBR322 sequences; thin line, 
yeast sequences; thick line, 1.7-kb 
BamHI fragment containing the yeast S 
HIS3 gene. This is the sequence that hisg 
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is inverted in pHK25. Small scale plas- R B 


amid -DNA preparations from 211-7D/ØHK 25-6 






prepared according to the alkaline lysis 


method” and isolated from caesium chloride gradients containing ethidium bromide™. Plasmid DNA fragments were isolated by electroelu 
"Transformation of E. coli was performed” and ampicillin- resistant transformants were selected on L broth supplemented with 100 pe 
“ampicillin. Yeast transformations were performed”® using linear plasmids”. 


DNA sequences are lost during reciprocal exchanges between 
“inverted repeats. Instead the interstitial sequence between the 
repeats is inverted, making it possible to determine whether or 
not intrachromosomal gene conversion events are associated 
with recombination of flanking sequences. 


Construction of the inverted repeat 


An inverted duplication of the HIS3 gene at the HIS3 locus 
was constructed as shown: in Fig. 1. The strategy was to form a 
plasmid carrying a large insertion of sequences from the HIS3 
region of yeast. Inversion of an internal segment containing the 
_HIS3. genetic information and subsequent introduction of this 
plasmid into the yeast chromosomal H/S3 locus by transforma- 
tion’” results in a duplication. The vector YIpl containing a 6.1 
kilobase (kb) insert from the HIS3* gene of yeast, replacing 
the EcoR!-Sall fragment of pBR322 (ref. 18), was used as the 
‘starting plasmid. The HIS3* gene is contained on a 1.7-kb 
BamHI fragment of this insert’. Following BamHI digestion 
of YIpi and ligation, the vector pHK25. was recovered. This 
vector now carries the 1.7-kb BamHI fragment in the opposite 
orientation. pHK25 was then treated with Xbal or KpnI, each 
of which makes only one cut in the yeast DNA. The digested 
plasmid DNA was used to transform strain HK211-7D (a ade6 
leu2-3, 2-112 his3-11, 3-15) to histidine prototrophy. Xbal does 
not cutin the 1.7-kb BamHI fragment while Kpni does. Since 
the ends of molecules are recombinogenic in yeast’, transforma- 
‘tion..with each of these linear plasmids should give different 
arrangements of the HIS3 genes and flanking sequences. Trans- 
formants recovered after introduction of pHK25 DNA cut with 
Xbal should carry an inverted duplication of the BamHI frag- 
ment but the flanking yeast sequences of pHK25 still present 
should be in the same orientation. Transformation with pHK25 
cut with KpnI should generate a direct duplication of the BamHI 
fragment but the flanking yeast sequences should be arranged 
as.inverted duplications. 


Both these constructions gave HIS3* transformants. To 








entations and that only one copy of the plasmid pHK25 had 
en inserted, nuclear DNA from the yeast transformants was 
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ay Escherichia coli were prepared as Cross to 203 72 HIS3° 
«described previously**... Large scale 
preparations of plasmid- DNA were x225 


ensure that the HIS3 genes were carried in the appropriate 


sed. The results show that the appropriate genomic frags oi 
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ments are altered in the transformants (Fig. 2; lanes 1, 3); Bot 
Xbal and Xho! cut once in pHK25 (Fig: 1). If the transform: ni 
contained more than one copy-of this plasmid inserted at | 
HIS3 locus, a band the size of linear pHK25 would be ob: tv 
The fact that no band of this size was detected shows that o 
one copy of the plasmid had been inserted. The weakly hyb: 
ing bands in Fig. 2 are due to incomplete digestion of the ye 
DNA. 


p 


Meiotic stability 


One transformant carrying the HIS3 gene in an inverted dup! ca 
tion, 211-7D/pHK25-6, and a transformant carrying the H. 
gene as a direct duplication, 211-7D/pHK25-5, were crossed 
an untransformed HIS3* strain HK203-5C to form the diploi 
strains X225 and X228 respectively. These diploids were ana 
lysed by standard meiotic tetrad analysis. The percentage sporu 
lation was ~70% and the spore viability 75%. 

A total of 299 tetrads giving four viable spores from X22 
and.313 tetrads with complete viability from X228 were anal 
Since both homologues of chromosome XV carry a functio 
HIS3 gene, all four spores of each tetrad should exhibit histid 
prototrophy, giving 4*:0” segregation. With the exception 
10 tetrads from X225 and 9 tetrads from X228, all cone g 
this segregation. 


Analysis of aberrant tetrads 


All aberrant tetrads gave a segregation pattern of 3t: i 
histidine requirement. The genetic and physical. anal 
described below allowed the separation of these tetrads int 
four classes. The genotypes of the His” spores were determine: 
by standard allelism tests. These experiments showed that a 
of the His” spores contained both of the his3 alleles: of 
parental strain HK211-7D. Such His” spore segregants coul 
easily arise from a reversal of the integration event, resulting i 
the loss of plasmid sequences. However, colony hybridizatio 
with **P-labelled pBR322 sequences showed that in all case: 
except one, two spores of each tetrad contained plasmid sequen 
ces. Thus, excision of the HIS3* gene cannot account for th 
His” phenotype. 
The number of HIS3: genes, present. in each. str 
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Fig.2 Identification of the pHK25 transformants. Nuclear DNA 
was digested with Xbal or Xhol and separated on a 0.7% horizon- 
tal agarose gel slab by electrophoresis at 35 V cm”! for 40 h. Follow- 
ing transfer to nitrocellulose?” the filter was hybridized with °P- 
labelled** YIpl DNA. Yeast nuclear DNA was prepared as pre- 
viously described**. Restriction enzyme digestions and ligation 
teactions were performed according to the conditions recommen- 
ded by the supplier. Approximately 5 ug yeast nuclear DNA was 
used in each restriction enzyme digestion. Hybridization reactions 
were performed at 65°C in 6X SSC, 2% SDS, 1X Denhardt’s 
“solution®”. Filters were exposed to Kodak XAR-5 film at —70 °C 
with: intensifying screens’. Lanes 1, 3, untransformed strain 
K201-7D; lane 2, HK21!1-7D/pHK25-6; lane 4, HK211- 
. TD/pHK25-5; lane 5, pHK25. Lanes 1, 2 and 5 were digested with 
cS Xhol; lanes 3 and 4 were digested with XbaI. Lane 6 contains A 
DNA digested with HindIII for size markers. 


jetermined. Nuclear DNAs isolated from segregants of X225 
jere digested with Xhol while those from X228 were digested 
Xbal. All spores lacking plasmid sequences gave hybridi- 
ion patterns identical to the untransformed strain, while 
res containing plasmid sequences gave patterns identical to 
parental transformant, with the exception of one spore that 
ontained an additional band that co-migrated with linear plas- 
d pHK25. 

The genotypes of the HIS3 genes in strains that contain two 
es. of the HIS3 gene and are prototrophic for histidine were 
ermined by UV mutability tests”. These analyses allow the 
rads to.be grouped into four classes, (Fig. 3). The number of 
trads of each class from X225 and X228 is indicated. 

Class [ tetrads result from an intrachromosomal gene conver- 
ion event. This is.a transfer of genetic information from one 
ene, in this case the his3-11, 3-15 mutant gene, to the wild-type 
spy of the gene on the same chromosome. The resulting spore 
“y Carries the same alleles as the original untransformed 
strain HK211-7D and contains pBR322 sequences and two 
of the HISI gene. This class was recovered at a frequency 
from X225 and 0.7% from X228. 
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Fig. 3 Schematic explanations of the interactions giving rise to 
the different classes of aberrant tetrads. Open circles, centromeres: 
dark lines, HIS3 sequences; +, wild-type genotype; —, mutant. 
The order of genes with respect to the centromere is drawn accord- 
ing to Sugawara and Szostak*'. The Ais 3-11, 3-15 mutations are 
at the 5’ end of the gene which is proximal to the centromere. The 
arrows in the class I and I] entries indicate gene conversion events, 
with a change of the + gene next to the arrowhead to a — gene, 
while the — gene remains unchanged. The columns on the right 
indicate the number of tetrads in each class recovered from diploids 
X225 and X228. 


Class II tetrads result from gene conversion between 
homologues. In these tetrads the His” spore contains the original 
his3 alleles, but in contrast to class I tetrads, lacks pBR322 
sequences and has only one copy of the HIS3 gene. Spores from 
those tetrads that contain pBR322 sequences are HIS*, but 
carry one mutant his3 gene as determined by the mutability 
tests. This class was recovered at a frequency of 1~1.3%. This 
is approximately the same frequency as the class I tetrads. 

Class HI tetrads result from reciprocal exchange between 
homologues. As in the case of the class I] tetrads, the His” spore 
lacks plasmid sequences. However, one of the HIS* spores 
should yield few His” segregants, and none carrying the his3-L/ 
or his3-15 alleles following UV treatment, as this spore contains 
two wild-type copies of the HIS3 gene. 

The single tetrad comprising class IV was recovered from 
X228 and can be explained by an unequal sister chromatid.: 
exchange. The following evidence supports this contention, 
First, only one HIS* spore contains plasmid sequences while 
the His” spore lacks plasmid sequences. Second, it was extremely 
difficult to recover any His” segregants from the HIS* spore 
containing plasmid sequences. Third, Southern analysis gave a 
pattern different from those observed in the other tetrads. Three 
lacked plasmid sequences while the spore with plasmid sequen- 
ces had three copies of the HIS3 gene, with one band the size. 
of the linear pHK25 plasmid. 


Assay for reciprocal exchange 


Reciprocal cross-overs associated with gene conversion events 
between inverted repeats can be easily detected because the 
cross-over will result in an inversion of the interstitial sequence. 
The outcome of pairing along the 1.7-kb BamHI fragment 
duplicated in strain 21 1-7D/pHK25-6 as an inverted duplication 
and crossing-over in this region is shown in Fig. 4a. With the 


exception of the right-hand HIS3 gene, the duplication has the 














“same order and spacing of restriction sites as strain 211- 
‘7D/pHK25-5 (compare Figs 1 and 4a). Reciprocal exchange 
ean be detected by Xbal digestion and Southern blot analysis 
of nuclear DNAs from the aberrant tetrads of X225. If no 
exchange has occurred within the BamHI fragment, then diges- 
' tion with Xbal and hybridization with *P-labelled YIp! sequen- 
ces should give two bands of hybridization in spores that have 
one copy of the HIS3 gene, while spores containing two copies 
of the HIS3 genes should contain an additional band of linear 
PHK25 plasmid size. If exchange has occurred between the 
inverted repeats, then a different pattern of hybridization will 
be observed which will be identical to that of 21 1-7D/pHK25-5 
(Fig. 2). This analysis was performed on all the aberrant tetrads 
of X225. Examples of three analyses, from tetrads 8, 55 and 89, 
. are shown in Fig. 5. There is 2:2 segregation for each spectrum 
‘of bands of hybridization. In addition, no deviations from the 
patterns of the parental strains HK211-7D/pHK25-6 and 
HK203-5C were seen. This pattern was the same for all the 
tetrads. Tetrads from X228 showed no rearrangements when 
‘compared with the parental strains HK211-7D/pHK25-5 and 
HK203-5C following Xhol digestion and Southern analysis 
except in the case of one tetrad. This will be described in more 
detail later. 
In the six cases of intrachromosomal gene conversion in the 
_inverted HIS3 duplication of X225, no reciprocal exchange was 
observed. Because the sample size was small, additional 
examples of intrachromosomal gene conversion were recovered 
by random spore analysis of X225. 109 His” spores were 
recovered from ~ 10,000 single spore colonies. All of these His~ 
spores contained the his3-11, 3-15 alleles; 36 contained pBR322 
sequences while 73 did not. Nuclear DNA was prepared from 
these 36 strains and analysed, as described above, for reciprocal 
exchange events in the 1.7-kb BamHI fragment. Again, no 
reciprocal cross-overs were observed in this conversion class. 





Viability of cross-over products 


Struhl and Davis’! have shown by Northern blot analysis that 
three: RNA species are transcribed from the region around HIS3 
that is inserted in YIpl. One of these transcripts is in high 
abundance. Although all the duplication constructions and poss- 
“ible rearrangements by reciprocal exchange events should con- 
tain at least one intact DNA sequence corresponding to each 
transcript, it is possible that some of these are lethal arrange- 
ments, owing to position effects. As the analysis to detect 
reciprocal exchange associated with intrachromosomal gene 
conversion was done with haploid strains (spore segregants), it 
was necessary to exclude lethality as a trivial explanation of the 
failure to. detect any of these events. 

During the analysis of tetrads from X228 to detect rearrange- 
ments, one spore segregant was found with a novel pattern of 
hybridization. This is the result of an intrachromosomal gene 
conversion and a reciprocal cross-over unrelated to the conver- 
sion event. Spore 228-324A is His”. Fig. 6a shows the results 
following XbaI or Xhol digestion of DNA from this tetrad. 
Although the arrangement of sequences at the HIS3 locus in 
strain’ 228-324A does not seem to differ from the other spore 
with the HIS3 duplication, 228-324D, when treated with Xbal 
or BamHI (data not shown), different results are seen when 
Xho! is used. The differences are indicated by the arrowheads. 
The change in band migrations can be explained by the 
reciprocal exchange shown in Fig. 4b. Xbal digestion and 
Southern blot analysis should give bands identical to the parental 
strain HK211-7D/pHK25-5, which contains a direct repeat of 
the 1.7-kb BamHI fragment, whereas Xhol digestion should 
give a pattern identical to that obtained from Xhol digestion 
of the parental strain HK211-7D/pHK25-6, which contains the 
inverted repeat of the 1.7-kb BamHI fragment (Fig. 6b). 

_ Two points should be noted here. First, strain 228-324A is a 
haploid strain by all genetic criteria. Second, the arrangement 
of the duplicated sequences at the HIS3 locus shown in Fig. 4b 
is-identical to that shown in Fig. 4a resulting from reciprocal 
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Fig. 4 Predicted outcome of exchange between the inverted. 
repeats. a, The chromosome of 211-7D/pHK25-6 is shown pairing: 
along the inverted 1.7 kb BamHI sequences. Reciprocal exchange. 
between these two sequences will give the structure shown: Gene 
conversions are not shown. b, The chromosome of 211-7D/pHK25- 
5 containing the HIS3 genes in direct orientation is shown pairing 
along the inverted Sall-BamHI1 sequences flanking the his3” 
gene. Reciprocal exchange between these sequences gives the DNA” 
sequence organization of strain 228-324A. The gene conversion” 
event is not shown. The restriction enzyme maps are not drawn to. : 
scale. Thin lines, yeast sequences; thick line, yeast 1.7 kb BamHI 
sequences containing the yeast HIS3 gene; jagged line, pBR322 
sequences. The restriction sites are: R, EcoRI; B, BamHi; K: 
Kpni; X, Xhol; Y, Xbal; S, Sali. : 









Fig. 5 Southern blot analysis of tetrads from X225. Lanes 1-4; 
tetrad 8 spores A-D; lanes 5-8, tetrad 55 spores A-D; lanes 9=12)°" 
tetrad 89 spores A-D; lane 13, HK211-7D/pHK25-6; lane 14, 
HK203-5C; lane 15, pHK25; lane 16, A DNA digested with EcoRI] 

for size markers. ee 
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Fig. 6 Rearrangement of the H/S3 duplication in 228-324A. a, 
“Spores A-D from tetrad 324 of X228 digested with either Xhol or 
Xbai. The arrowheads indicate the band changes between spores 
A and D following Xhol digestion. b, 228-324A was elec- 
trophoresed with the inverted repeat of the HJS3 gene, strain 
K211-7D/pHK25-6, and the direct repeat of the HIS3 gene, 
strain HK211-7D/pHK25-5, following digestion with Xbal or 
Xho. 


exchange in the 1.7-kb BamHI fragment in the inverted duplica- 
ion. Thus, failure to recover this among the intrachromosomal 
ene conversion events cannot be due to lethality. 


Discussion 

eiotic intrachromosomal gene conversion and associated out- 
de exchange have been examined using inverted repeats at the 
HIS3 locus. Using unselected tetrads and random spores, 42 
xamples of intrachromosomal gene conversion between inver- 
ed repeats of the HIS3 gene have been analysed. The frequency 
f intrachromosomal conversion (0.7-2%) is the same as that 
bserved at the LEU? locus’. It is also the same as the frequency 
interchromosomal gene conversion at the HIS3 locus 
erved in X225 and X228 (this study) and is similar to values 
served at other loci in yeast''. In contrast to interchromosomal 
ne conversion, no outside exchange is associated with the 
trachromosomal gene conversion events studied here, in spite 
the fact that such an event does not lead to cell inviability. 
s is consistent with an earlier study of intrachromosomal 
ne conversion events at the LEU2 locus’ in which no 
ciprocal exchanges were found to accompany conversion. 
‘urthermore, in over 500 meiotic interchromosomal conversion 
vents associated with the serine tRNA genes located on non- 
mologous chromosomes, none resulted in translocations or 
ther lethal rearrangements (P. Munz, personal communi- 
on). 

uring mitotic recombination between homologous genes on 
nonhomologous chromosomes, the frequency of gene conver- 
ion events is 10-fold higher than the frequency of reciprocal 
changes”. In addition, intrachromosomal gene conversion 
ring mating type switching in yeast is not normally associated 
th reciprocal exchange”. The MAT locus is the recipient 
for the transfer of information from one of the two cassette loci 
ocated on the end of each arm of the chromosome carrying the 
IAT locus. However, when mating type switching is forced to 
ceur between homologues, outside excnanes is ‘ obsntved™ sug- 





constrained from beine associ ed with reciprocal exchange. 
It could be argued that most of the intrachromosomal gene 
conversion events occur between sister chromatids and are not 
in fact intrachromatid. If these interactions were associated with 
outside exchange, then in the case of the inverted repeats the 
final meiotic produce would be a dicentric, lacking sequences 
distal to the HJS3 Jocus. This would be lethal and hence not 
recovered in this study, as only tetrads with four viable spores 
were analysed. Although sister chromatid interactions cannot 
be ruled out, unequal sister chromatid exchanges between direct 
repeats of 2-4 kb are rare (this study and ref. 2). Moreover, the 
unequal sister chromatid exchanges observed in these cases are 
not associated with gene conversions. 

The absence of reciprocal exchange associated with intra- 
chromosomal gene conversion demonstrated here is particularly 
attractive with regard to the events involved in the maintenance 
of sequence homogeneity of multigene families. If reciprocal 
exchange were associated with half the intrachromosomal con- 
version or correction events, then deletions or inversions 
depending on the relative orientation of the two genes would 
result. Such chromosomal rearrangements might be lethal, 
making the gene correction mechanism rather inefficient. Indeed, 
the examples of gene conversion between members of a multi- 
gene family on one chromosome which have been proposed 
show no evidence of other exchange events associated with the 
conversion. 

The association of outside exchange with gene conversion is 
thought to be due to the mechanism of resolution of the recombi- 
nation intermediate. Isomerization of a crossed-strand structure 
of a Holliday junction” followed by nicking and ligation would 
lead to recombinant outside markers*’. The ratio of recombinant 
to non-recombinant outcomes should depend upon the rate of 
isomerization and equilibrium of the two forms. The observation 
that exchange is associated with conversion 50% of the time 
suggests that isomerization occurs rapidly and that the two forms 
are in equilibrium, although it has been argued that isomeriz- 
ation is not readily effected*'. Pairing between short regions of 
homology may not provide enough stability to permit isomeriz- 
ation. Alternatively, intrachromosomal pairings may not present 
the proper configuration to the isomerization machinery, with 
the result that intrachromosomal gene conversions are always 
nonrecombinant for flanking sequences. 

In conclusion, meiotic intrachromosomal gene conversion in 
yeast is frequent. However, it has never been observed in associ- 
ation with reciprocal exchange. This is in contrast to gene 
conversion between homologues. The lack of association of 
reciprocal exchange with intrachromosomal gene conversion 
could explain why multigene families are able to exchange 
information frequently by gene conversion without associated 
chromosome rearrangements. 
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hita and Nakai’ have recently performed the longest numeri- 
tegration of the outer bodies of the Solar System ever 
_ attempted. The positions and velocities of Jupiter, Saturn, Uranus, 
Neptune and Pluto for the 5 Myr that they computed extended the 
integration time by a factor 5 with respect to previous ephemerides 
- computed by Cohen et al.’, Although this is only one-thousandth 
of the present age o A the Solar System, our analysis of the data 
using new methods? *, shows surprising dynamical features. Stabil- 
_ity is monitored by separating the system into three-body subsys- 
-tems. It is found that the outer Solar System is made up of two 
main subsystems, Sun—Jupiter-Saturn and Sun—Uranus—Neptune, 
exchanging angular momentum over a period of 1.1 Myr. The 
dynamical mechanisni responsible for locking the two subsystems 
together is a libration of the angle between Jupiter’s and Uranus’ 
perihelion’ around 180° with the same period of 1.1 Myr. No 
“dynamical locking over such a long period of time has been found 
in the Solar Systém, although similar mechanisms have been 
“predicted. 

We have examined one magnetic tape from Kinoshita and 
Nakai containing the output of the 5 Myr integration, that is, 
planetary ephemerides once every 2,000 days. They used 

updated values of planetary masses’; the total mass of the inner 
„planets, which perturb only slightly the outer ones, was added 
to the mass of the Sun. We analysed the data in order to 
‘investigate the stability of the outer Solar System over 5 Myr. 
-Inthe past 15 yr, two major breakthroughs should help attempts 
to prove the stability of the Solar System for a time comparable 
“to its age, of ~ 4,500 Myr. (1) For an isolated three-body system, 
-using no approximation (general three-body problem), a stabil- 
ity criterion has been assessed which is valid for all time and 
“depends on the value of one single scalar parameter of the 
“system, z= ch (total angular momentum squared times total 
energy)”’~'°. (2) It has been pointed out that N-body systems 
existing in nature (with N of the order of 10) mostly show an 
hierarchical arrangement, and that this does not happen by 
chance*''. In the Solar System, the planetary orbits do not cross 
each other (except for Pluto and Neptune); most of the observed 
_ three and four-body stellar systems are a close pair with a distant 
‘companion or two close pairs at a large distance. Also the 
six-body stellar system, Castor, shows an hierarchical structure. 
That is, dynamical systems tend to be hierarchically arranged 
_ in such a way that mutual gravitational perturbations are minim- 
Systems that were not hierarchical simply did not survive 
‘enough to be observed. 
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Fig.1 Three-body subsystems of the outer Solar System: The “tal 
of each position vector pj, Ps, Pu» Pr is in the centre of mass 
the Sun plus all the preceding planets. Not to scale. 


stable as long as no orbit crossing occurs). First, it is decomposed 
into three-body subsystems. In the case of Sun—Jupiter-Saturn 
Uranus—Neptune, we have three three-body subsystems (Fi 
1): Sun—Jupiter-Saturn, Sun~Saturn—Uranus and Sun-Uranu: 
Neptune (the Sun always includes the mass of all the preced 
bodies). Second, by applying the z stability criterion to ea 
subsystem at present, we find that it is fulfilled in:all three case 
This means that if they were three isolated three-body system 
Jupiter would never cross the orbit of Saturn, Saturn wou 
never cross the orbit of Uranus, Uranus would never cross:t 
orbit of Neptune and each system would always. rema 
hierarchically stable. But, because they are not isolated, and do 
perturb each other, the three z stability parameters: change wi 
time and could, in principle, reach the corresponding crit 
values above which hierarchical stability is no longer guarante 
As long as all the stability parameters remain below the critica 
values, the whole system is guaranteed to be hierarch ce 
stable. 

Therefore, the problem arises of monitoring the. z stab 
parameters as functions of time. This is possible for the 5! 
span of Kinoshita and Nakai’s numerical integrations. We hz 
computed energies, angular momenta and z parameters of three 
body subsystems at intervals of 2x10% days (~547 yt); then 
they have been averaged 10 by 10. The interval 5 Myris ve 
short compared with the age of the Solar System. Moreov 
because the Solar System is an hierarchical dynamical system 
one would expect that, apart from short period variations related 
to near-resonances in mean motions between major planet 2 
the z parameters would be constant over 5 Myr. What we find 
is, at first sight, surprising (Fig. 2a, b, c). The three z parameters 
although always lowér than the corresponding critical val 
(hierarchical stability of the whole system is guaranteed: fo 
5 Myr), show a long-term oscillation with a period of ~ 1.1. My 
In the Sun-Saturn—Uranus case (Fig. 2c) the dominant oscjj 
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ig. 2. The difference. between the actual and the critical values 
of the z stability parameters as functions of time for 5 Myr: the 
more, negative the value, the more stable is the three- body subsys- 
m. a, Sun-Jupiter-Saturn; b, Sun—-Uranus—Neptune; c, Sun- 
Satutn—Uranus. a, b, Oscillations with the same period of ~ 1.1 Myr 
but opposite in phase: the more stable is Sun—Jupiter-Saturn, the 
less stable‘is Sun—Uranus—Neptune. In c, the dominant oscillation 
as. a-period of 54,000 yr, although the 1.1} Myr period is also shown. 
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3 The ay üy between the jovian.and uranian pericentres 
i a function of time for 5 Myr. The fibration around 7 
period of hl Myri is apparent. 
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tion contains the 54,000-yr period of Jupiter’s perturbation. on 
Saturn’, modulated over 1.1 Myr. As expected*!”, its relative 
amplitude is the largest that we find. Even more striking is that 
for Sun—Jupiter-Saturn and Sun—Uranus—Neptune subsystems, : 
the oscillations are opposite in phase, as though the whole: 
system were made of these two main subsystems exchanging’ 
‘stability’ over 1.1 Myr. 

What is the dynamical mechanism responsible föt this long“ 
period perturbation in the stability parameters? A clue i is pros 
vided by the fact that the angular momenta show the same 
pattern and the same exchange between subsystems as do the 
stability parameters, whereas the energies do not. This means 
that the resonance locking mechanism: must involve the peri- 
centres, We actually find the result shown in Fig. 3: the angle: 
w between the jovian and uranian pericentres does not citcu- 
late; it librates around 180° within about +70° in the same period n 
of 1.1 Myr. (For a more detailed discussion of these results see : 
ref. 12.) 

Pluto was not included in the analysis because it crosses the 
orbit of Neptune and, moreover, its mass it too small for the 2: 
criterion to be applicable”. ^, Its motion is discussed by Kinoshita. 
and Nakai’. : 

The hierarchical stability of the whole Solar System remains 
open to. question. Because there is no suitably. long numerical 
intergration available, we have tackled the problem using ana- 
lytical methods’. We find a lower limit for the lifetime af the 






































Sun-Mercury—Venus-Jupiter system of 110 Myr. In ‘the whole 
_ Solar System, the main problem is the strong mutual perturba- 
“between Jupiter and Saturn which makes our methods 
effective over the long time intervals of interest to us. 


i: Received. 19 March, accepted 24 May 1984. 
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The magnetospheres of three planets, Earth, Jupiter and Saturn, 
„are sources of intense, nonthermal radio bursts. Recent studies™ 
~ have shown that the emissions from these sources undergo pronoun- 
ced long-term intensity fluctuations that are caused by the solar 
«wind interaction with the magnetosphere of each planet. Determi- 
nations by spacecraft of the low-frequency radio spectra and 
radiation beam geometry now permit a reliable assessment of the 
overall efficiency of the solar wind in stimulating these emissions. 
We find that earlier estimates‘ of how magnetospheric radio output 
“scales with the solar wind energy input must be greatly revised, 
with the result that, while the efficiency is much lower than pre- 
-viously thought, it is remarkably uniform from planet to planet. 
This result has prompted our. formulation a ‘radiometric Bode’s 
“law from which a planet’s magnetic moment can be estimated 
from its radio emission output. (This terminology is by analogy 
with the ‘magnetic Bode’s law’, sometimes called Blackett’s law’.) 
Applying the radiometric scaling law to Uranus, we estimate the 
low-frequency radio power likely to be measured by the Voyager 
2 spacecraft as it approaches this planet. We also show how 
‘measurements of the Uranus radio flux by Voyager 2, which will 
probably be made in early to mid-1985, can be used to estimate 
the planetary magnetic moment and solar wind stand-off distance 
‘before the in situ measurements. 
We define the efficiency £ as the ratio of the median power 
_Yadiated in magnetospheric emissions, P, to the incident solar 
wind power, P,i in average solar wind conditions. The median 
“radiated power is typical of that observed in average solar wind 
: conditions. The starting point for the calculation of P, is integra- 
“tion over frequency of the median flux density spectra shown 
in Fig. 1. The total radiated power (W) is then the resulting 
integral. multiplied by the area into which the emission is 
beamed. Thus, in the case of Saturn and the Earth, the integral 
is over the entire known flux spectrum since the auroral (terres- 
‘trial) kilometric radiation (AKR) and Saturn kilometric radi- 
ation (SKR) are both solar wind controlled. For Jupiter, only 
the hectometre-wavelength emission (HOM), which is known 
to be solar wind controlled’, contributes significantly to the total 
‘solar wind driven output. Therefore, only that portion of the 
“Spectrum, from ~200 kHz to ~3 MHz (undotted portion of the 
_ Jovian spectrum in Fig. 1), is relevant in this analysis. To compute 
e area into which the emission is radiated, the beam geometry 











of each source must be known. Saturn's northern hemisphere - , Solar wind density beyond TAU. 
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Fig. 1 Low-frequency median flux density spectra for th thre 
known radio planets, Earth”, Jupiter” and Saturn’, are shown wit 
the solar wind driven components indicated by solid lines: Fl 
densities are normalized to what an observer would measure a 
distance of I AU from each planet. For clarity, the kilometre 

wavelength components of Jupiter’s emission aré not shown. 


emission has been shown® to radiate into a filled 20 steradian 
(sr) conical beam and Earth’s into a more narrow 3.5:st beam 
In contrast, while. Jupiter's highest frequency burst émissio: 
the decametre-wavelength emission (DAM), is very narrowl 
beamed, the HOM is. more moderately beamed into a wid 
relatively thin, ~7/2sr surface", 

Total radiated powers of the terrestrial’, jovian'® and satu 
nian’ radio sources have been estimated in previous stud) 
However, only the value for AKR derived by Kaiser and Alexar 
der” applies without modification in the present analysis beca 
they used the median flux radiated into the actual emissio 
beam. Fur Jupiter, we have modified an earlier 3x10!" 
isotropic (47 sr) calculation’! to reflect the modelled (2/2 
HOM radiation beam cited above. Similarly, we have halv 
the value used previously for Saturn’s SKR®, which was for; 
isotropic (47 sr), not a 2a sr, radiator: Thus, we have bee 
careful throughout to use the measured or inferred bea 
geometry of each source and to include only that portion of 
each planet’s median burst spectrum that is known to ‘be sole 
wind driven. Finally, the emitted power was doubled in the c 
of both Saturn and the Earth to account for radiation from the 
opposite (southern) hemisphere. It is not known if the joviar 
HOM has a southern hemisphere component, and “sinc 
modelling efforts® have suggested a single source we have n 
doubled the measured power. 

The solar wind input,.P;.at:each planet was computed from 


P, = WM,Po V*(lo/ d}? 


which is a measure of the power (W) incident on the cros 
sectional area of the magnetosphere due to the bulk motion 
the solar wind plasma. Here, m, is the proton mass, pọ is the 
solar wind number density at the Earth, V is the average sol 
wind bulk speed, lọ is the solar wind—magnetosphere stand 
(Chapman—Ferraro) distance, and d is the planet-Sun distance 
expressed in AU (1 AU = 1.5 x10''m). We have taken values at 
each planet that apply in average solar wind conditions, that i 
po =(7X10°m™), V=4x 10° ms™', and Jy = 10R, (1R, = 6.36 
10° m), 50R; (1R, = 7.14107 m) and 20R, (1R, = 6.03 x10” m), 
at EArth, Jupiter and Saturn, respectively. The last term, d 
accounts for the inverse-distance-squared decrease-in the m 








~ Table 1. Efficiency comparison 








IP. Beam Spectrum : P, € 
CW) (sr) used (W) (x107°) 
4x10”. 7/2 HOM only Lixo? 3.6 
at 2x10% Qa Full 3.8108 5.3 
Earth 6x10" 3.5 Full 9.6 x10" 6.2 




































Fable 1 summarizes the total radiated and total input powers 
jerived in the present study and also the spectral and beam 
geometry characteristics of each radio source. The resulting 
ciencies (e = P,/ P,) are extremely small, ~0.0005%. These 
are much smaller than those previously derived’, primarily 
wing to selection in this study of only the solar wind driven 
emission and to better information, from spaceborne radio 
experiments, on the actual beaming properties and median 
emission spectra of each source. Although the efficiencies may 
-beas much as an order of magnitude larger in very active solar 
wind conditions’, they are still extremely small when compared 
withthe. overall efficiencies of other magnetospheric 
phenomena, such as UV auroral output, which in the case of 
the Earth”? has an efficiency nearer 0.1%. This underlines the 
fact that radio emission processes represent a relatively insig- 
nificant fraction of the total solar-magnetosphere energy budget. 
< -Note also. that £ hardly varies from planet to planet. For 
example, while P, varies by over two orders of magnitude, the 
efficiencies are all within a factor of 1.7 of each other. This 
empirical result suggests that the solar wind driven components 
of the planetary radio sources are subject to a simple scaling 
relationship in which the total radiated power is directly propor- 
tional to the solar wind power incident on the planet's magnetos- 
phere, the constant of proportionality being ~5 x 107°. 

If P, is directly proportional to P, through the constant of 
oportionality e, then P, is also directly related, through 
equation (1), to (l/d Y. Using the data of Table 1, we illustrate 
is relationship in Fig. 2, where the radiated power P, is plotted 
s a function of (/,/d)* on the left and versus M” 3/443 on the 
right. M, the planet’s magnetic moment, is derived from the 
solar wind stand-off distance through 


Ip = (M?/2am,pV’)'/° (2) 


where p = pọ/ d° and which includes the effect of magnetopause 
rface currents'*. The line is a least-squares fit to the data and 
we refer to the relationship shown in Fig. 2 as the radiometric 
Bode’ s law. With h in km, d in Au and P, in W, the fit is given 











(b/d)? =6.5P,.) 4 (3) 


Equation (3) permits the estimation of a planet’s stand-off 
distance and magnetic moment based on measurement of the 
edian power flux from the planet’s solar wind driven radio 





Iso: shown in Fig. 2 is a prediction for Uranus based on an 
pepolation of the radiometric Bode’ s law to small values. It 
















io" 






SATURN 






(ley 
Vel p10! 995 ARa) 














104 “URANUS LIMITS 

108! Lu 1 fi MEER 1 a 
La 105 

Median radio power. 





E Wo EE REE EA 


10° 








por 
Pr 


Fig.2 The radiometric Bode’s law. The total median radio power 
P, (W) is plotted as a function of (l/d)? on the left- and versus 
M??/d* on the right-hand side. Plausible range for Uranus is 
shown. Inset scale labelled lọ (R,,) refers to solar wind stand-off 
distance at Uranus in units of R, (=23,800km). l d, and 'M are 
expressed here in units of km, AU and G-km*, respectively. 


and will probably also emit low-frequency radio emission. Table 
2 summarizes the radio power levels, P,, that we would expect 
from a magnetosphere having a given magnetic moment M, 
Uranus’ spin axis is tilted near 90° to its orbit plane, and the 
Voyager spacecraft observations inbound to the planet will be 
nearly pole-on. Hence, only the radio emission from one hemi- 
sphere of the planet will be detectable and so the tabulated 
values of P, are twice those likely to be measured initially by 
the Voyager radioastronomy experiment. The stand-off distance 
l and incident solar wind power P, resulting from each value 
of M, are also shown. 

Note that the range of magnetic moments shown in. Table 2 
is large. Figure 2 shows, however, what we consider to be a- 
more plausible range of M,, based on two constrains. At the’ 
low end, we do not consider it likely that M, is <0.1 G-—R® for 
the following reason. If we assume a 1% conversion efficiency. 
of solar wind power into precipitating electron flux, a smaller 
magnetosphere would not intercept sufficient power to drive the 
210'° W emitted by the Uranian aurorae (see ref. 18). At the 
high end, 4.0 G-RÌ represents the magnetic moment recently . 
derived”? theoretically from external rotating dynamo consider: 
ations. In comparison, the magnetic Bode’s law’ estimate of the ; 
Uranus field strength based on angular momentum consider- 
ations is about 1 G-R?, intermediate between these two 
extremes. 

Reference to the inset scale, labelled h(R,) in Fig. 2, shows. 
directly how the total median radio power scales with the mag- 
netopause stand-off distance at Uranus (R, = 23,800km). For. 
example, measurement of a Uranus radio source having a 
median radiated power equal to 5 x 10° W, or 10’ W total from 
both northern and southern hemispheres, would require a stand- 
off distance of nearly 20 R,. This is equivalent to a 19X: 
10"? G-km? (~0.14G-—R>) magnetic moment. 

At present, Voyager 2 is about 6 AU from Uranus and ‘no 
radio emissions have been detected by the planetary radio, 
astronomy (PRA) instrument”, This fairly conclusively rules. 
out the detections of very strong radio bursts tentatively reported 
by Brown'* using the IMP-6 spacecraft, because bursts df the’ 
reported magnitude should have been observed by Voyager 2 
when it was as much as 14 AU from Uranus. Assuming that the 


Table 2 Uranus ratio emission and magnetic moments 








@Expected total power from radiometric Bode's law, for a-given Ma 


oo My Solar wind power (W) : ; 
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diometric Bode’s: law applies a at Uranus; the IMP-6 búist 
ould have required. M,=20 G-R> (see Table 2) and so the 
possibility of a magnetic field this large i is not considered likely. 
“Taking the plausible range of magnetosphere size described 
above (0.1 to 4.G-R3), we estimate that Uranus radio emission 
should be easily detectable by the PRA instrument some time 
< between December 1984 and May 1985. This will permit the 
“planet's stand-off distance and magnetic moment to be assessed 
before the Voyager~Uranus encounter in January 1986. 
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At least part of the record of climate change during the past 
million years may be attributed to forcing by changes in the 
geometry of the Earth’s orbital system. Several attempts have been 
made to model the record of climate change (usually represented 

< bythe record of global ice volumes as recorded in marine sedi- 
ments) using astronomical forcing™?. These models have, in gen- 
eral, concentrated on the direct response of the ice sheets to changes 

* jn solar insolation resulting from orbital variations. So far no 
‘fully successful simulation of the climate record has been made. 

«We: investigate here the operation of a model which is forced 

simultaneously by changes in the distribution of solar insolation 

“caused by orbital variations and by changes in the atmospheric 
carbon dioxide (CO;) concentration which are themselves forced 
by orbital parameters, The model results show the potential import- 
ance of other components in the climate system and their associated 

‘response to changing orbital parameters. 

‘s Hays et al? were the first to show that spectral analysis of 
climate ‘records recovered from deep-sea sediment studies 
reveals concentrations of variance at orbital frequencies, and 

that the relative contributions of the orbital components of 
eccentricity, tilt and precession varies among different parts of 
‘climate system. Most of the effort to relate orbital changes 
mate has gone into the simulation of the Northern Hemi- 















"more local significance. Borecker* examined the recor 


sphere ice volume record rather than of temperature records of 








imp! 
by glacio-eustatic sea-level variations recovered from studies o 
the island of Barbados’ and by deep-sea core studies: He ¢ 
cluded that a combination of the orbital elements such as p 
ceived in summer at 45° N provided the best. simulation of t 
record; this may be contrasted with the earlier conclusion 
Milankovitch® that a latitude of 65° N would represent the mo. 
sensitive region for control of the great ice sheets of th 
Pleistocene. 

These early results were restricted to the past 130 kyr bad: d 
not, in fact, satisfactorily simulate longer records. As shown b 
Hays et al? the dominate frequency in all long icè volu 
records (and in most other climate records) is a periodi í 
ponent near 100 kyr, the period of changes in the ecce 
of the orbit. The presence of this dominant componen 
expected from the simple Milankovitch hypothesis becaus 
period is not represented to a significant extent in the insolat 
record of any latitude or season’. ; 

It has been suggested that the origin of this long-pe! 
component in the climate lay in the non-linear response of 
sheets to forcing at the precessional component of the: orbit: 
the precession effect, with a 23: kyr period, is amplitude-mo 
lated by eccentricity, some simple non-linear systems are cay 
of generating power at the 100 kyr modulating frequency. In 
and Imbrie® followed this line of teasoning and construc 
simple model which generates a reasonable ice volume simu 
tion by forcing an ice sheet which has an exponential t 
constant of growth of 22 kyr and a rate of decay with a ti 
constant of 12 kyr, Such a model stems from the studies of 
sheet dynamics by Weertman”. : 

The output of.the Imbrie and Imbrie model is examined | 
spectral form in Fig. 1, where it is compared with the spectru 
of the orbital input to the model (solar insolation in July 
65° N) and of the 5°20 record (from deep-sea core V19-30 
the equatorial Pacific'’) which it aims to simulate. As shown 
Fig. 1, whereas the spectrum of the model output. conta 
significant variance at all orbital frequencies, the distributi 
of variance does not resemble the geological records—the mo 
contains too much variance in the precessional band and no 
enough at the long period essentricity frequency. In additi 
cross-spectral comparisons of the o'*O record and the mod 
output shows that the phase relationship at the eccentric 
period is not well simulated. Partly for these reasons, the ti 
series output of the model is not fully satisfying. Note also th: 
the spectra shown in Fig. | are calculated over a time period 
340 kyr and that over the time span of the past 730 kyr; ‘th 
model contains a significant 400-kyr period which is not ob 
served in the ice-volume data records". 

To evaluate where this simple model fails to siae th 
climate we consider the equation set which describes the mod 





ee cess 
dy Tm : = 
dt 0+ 

Tisd x>y 

Tn 


where y is the ice-volume, x the solar insolation forcing funet 
T,, the mean time-constant of the ice sheet and b the degree 
non-linearity in the rate of growth versus decay of the ice sheets 
Thus, the model states that the rate of ice sheet growth a 
decay is (almost) linearly related to the changes in solar insola 
tion. In terms of the variance spectrum, we would éxpect 
solar forcing spectrum to be similar to the spectrum of the ti 
derivative of the ice volume record. Figure 1d shows the spec 
trum of the time derivative of the 5'°O record of core V19-30 
which can be compared with the solar insolation spectrum fo. 
65°N during July shown in Fig. la. Apart from the lack o 
forcing at 100 kyr, Fig. 1 shows that the solar insolation spectrun 
is very similar to the ice volume derivative, and reinforces. 
widely-held view that a forcing at 100 kyr must be found" 
One potential forcing to global climate change may be ch ni 
in t Atmospheric C02: It has been shown that: changes, 1 
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centration: of carbon dioxide in the Pleistocene atmos- 
re'?'? were of sufficient magnitude to have had a significant 
ton global climate. Broecker‘ has suggested that the 
crease in atmospheric CO, of about 100 p.p.m: at the end of 
last glacial stage may have provided an important amplifica- 
n which contributed to the very rapid decay of the Northern 
emisphere ice sheets. Broecker argues that as the sea level 
se because of ice sheet melting, deposition of organic carbon 
d associated phosphate) on continental shelfs resulted in an 
crease in atmospheric CO,, The increased CO, would, in turn, 
ntribute to ice-sheet decay through the greenhouse effect. 
owever, it-has been shown that'*, using the Broeker model, 
anges-in.CO, concentration occur before. changes in ice 
lume. over the whole. orbital frequency band including the 
0 kyr period. The Broecket model’* assumes that the gradient 
' between the deep ocean and the warm surface ocean 
‘ts atmospheric CO,, and holds true for the past 30 kyr (ref, 
Our previous work provides continuous records of both ice 
me (benthic 80O) and CO, (planktonic minus benthic 
hanges for the past 340 kyr from equatorial Pacific core 
Thus, the results of the detailed study. of data from 
nggests that the changes in atmospheric CO, are part 


delling alet discussed above, the variance spectrum for 
€ h aginst derived CO, record from core V19-30 15 


) test the hypothesis that CO, variations are indeed part of 
P * ng ofi ice volume changes" and Por the necessary 


igally derived CO; proxy makes up 309, Yo of the 
del opin, 
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Fig.1 Linear variance spectra for: 
a, solar insolation at 65° N in June: 
b, the simulated ice volume from 
the simple ice-sheet model of 
Imbrie and Imbrie®; c, the benthic 
oxygen-isotope record from core... 
V19-30; and d, for time derivative 

of the 340-kyr benthic oxygen- 
isotope record from. core. V19-30. 
All spectral calculations arë: from 
326 data points spanning the past 
340 kyr... Confidence, intervals 
(80% ) and bandwidths shown’ for)... 
calculations from 120 points’ of. 
sample auto-covariance functions: 
Important periods associated: with 
orbital parameters are labelled. 
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Fig, 2 Variance spectra of atmospheric CO, record derived from 
the carbon isotopic difference between planktonic and benthic 
foraminifera found in core V19-30, 
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In the frequency domain, the simulated ice volume record 
obtained from the CO, and orbitally forced model produces | 
two important results: (1) the distribution of variance: in the: 
model is essentially identical to the observed ice volume data 
throughout the Milankovitch frequency band; and (2) the phase 
between the model and the 5'°O record is much improved when 
compared to the model with solar insolation as the only input 
component (Fig. 3). More importantly, the time domain charac- 
ter of the CO, model shows an extremely good fit to the geologi-. 
cal record (Fig. 4). Figure 4 compares the ice volume record. 
from core V19-30 with the model outputs with and without ÇO; ` 
forcing. Note first that including the CO, forcing in the input 
greatly improves the model’s ability to duplicate the relative 
amplitudes. ofthe . major interglacial peaks (125, 210 and 
330 kyr). Also, the model: without. the CO, forcing tends tow 
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“Fig..3 . a, Spectra for the CO, and orbitally-forced ice sheet model 
olid line), the benthic oxygen isotopic record from core V19-30 
(dotted line) and the coherency between them (shaded curve). 
Spectra plotted on log-scalé. Horizontal line gives 80% confidence 
vel for non-zero coherency and CI gives the 80% confidence for 
coherency estimates significantly different from zero. Coherencies 
ar - plotted on a hyperbolic. arctangent scale. Note. the almost 
ect fit at all orbital frequencies and the very high coherencies. 
spectra between the orbital models output with and 

1Co, forcing and the geological data. The expected phases 

d be 180° since oxygen isotopic values are inversely related 
volume. Dashes above and below curves give 95% confidence 





Orbits Only 


ice volume 
(normalized units) 





Orbits & COg. 


ice volume 
(normalized units) 


Age (kyr} 


Fig. 4 Time domain plots for the benthic oxygen isotope record. 
from core .V19-30, the CO, and ‘orbital model outputand_ the. 
ice-sheet model with orbital forcing only. 


underestimate ice volume in Stage 6°(170:-kyr) and: S i 
(240-300 kyr). Also; thë amplitude of the substages in Stage 
are better depicted in the CO, model. Thus, we feel that inclusion 
ofthe carbon-isotope derived COQ, record significantly improv 
the ability. of the simple ice growth and decay model of imbi 
and Imbrie to simulate changes in global ice volume 
past 340 kyr. 

We have used a simple model to test the hypothesis tha 
variations are an important component in-Pleistocene € 
the next step would be to use more physically realistic models 
such as presented by Birchfield etal or Pollard”. However, 
results strongly suggest that: other components of the clir 
system must be considered in modelling ice volume changes 
Previous modelling efforts have concentrated on ice-shee 
dynamics in response to direct orbital forcing. Our results indi 
cate that orbital changes.and the oceanic response to insolatior 
changes may also have an important role in affecting cl 
conditions and the growth. and decay of large Northern 
Hemisphere ice sheets. 

This research was supported in part by NSF granit A 
82-04127. j 
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The Buchan area within the Grampian Caledonides of north-east 
Scotland is a classic locality for the study of low-pressure regional 
‘metamorphism. Using detailed geophysical surveys, pits and bore- 
holes to augment sparse outcrop data, we have revealed a system 
of steep shear belts of Grampian age. When combined with a 
Teassessment of the stratigraphy, the new information leads us to 
the view that the Banff nappe does not exist. We also argue that 
the Tay nappe is of limited extent in Buchan, and that the tract 
f uninverted Southern Highland Group (upper Dalradian) is 
autochthonous, 

~~ In the Buchan area, the metasediments of the Southern High- 
land Group largely lie the right way up in a shallow syncline'? 
They pass downwards, with increasing grade of metamorphism 
of classic ‘Buchan’ type’, into Argyll Group rocks*. The boun- 
dary coincides roughly with a transition from andalusite schists 
to migmatitic gneisses. 

< Read! proposed that his Banff Division (mainly Southern 
Highland Group) was equivalent to the uninverted limb of the 
Tay nappe, but separated from its migmatitic core by the Boyne 
lag surface with the rocks above this surface constituting the 
Banff nappe. Excision along the Boyne lag was. invoked to 
sxplain.the apparent absence, in north-east Scotland, of rocks 
now placed in the Tayvallich Subgroup (uppermost Argyll 
roup"). More recently, Ramsay and Sturt have suggested’, that 
the gneisses below the Boyne lag are exotic slabs of Cadomian 
basement forming the base of a larger, composite Banff nappe®, 
‘thrust northwards over the Tay nappe on a basal thrust, the 
Portsoy thrust. The Boyne lag would then represent a surface 
of basement-cover detachment developed during nappe 
-emplacement.On the other hand, stratigraphical continuity has 
been postulated*”*, and the apparent local absence of the Tay- 
vallich Subgroup has been attributed?” to lateral facies variation. 
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` Since 1970. we hav 
of the Buchan area during which we ie discovered a regional system 
of shear belts consisting of steep anastomosing, large. and smal” 
scale shear zones (Fig. 1). a 

These shear zones have experienced an “extensive history. 
of igneous intrusion including the ‘Younger Basics’; later minor 
diorities, granodiorites and granites; and local concentrations. 
of still later muscovite-biotite granite sheets and. associated. 
tourmaline pegmatites, dated by the Rb/Sr method at ~465 Myr 
(refs 10-12). The Younger Basic intrusions are frequently 
severely displaced and disrupted, exhibiting confused igneous’. 
stratigraphy, upturned layering, and local stripping of marginal. 
hornfelses'*"'’. The mylonite fabrics are generally steeply 
inclined and magnetic units within the shear belts are modelled _ 
as steeply dipping slabs'*'*-'’. Infrequent extension lineations, 
generally plunging steeply downdip, are defined by deformed: 
detrital grains, porphyroblasts and metamorphic segregations 
in metasediments; and elongate mineral aggregates in igneous 
rocks. 

The continuity of the shear belts has been demonstrated by 
magnetic surveys and confirmed by direct investigation in pits 
and trenches. The observed fabrics postdate the Younger Basics 
(490 Myr)”. Basic mylonites are cut'® by members of the 465- 
Myr pegmatite suite which are themselves strongly deformed 
locally'*'*. Palaeomagnetic observations on the Younger Basics 
are consistent with lower Ordovician pole positions’? and show 
that the main disruption occurred while they were still above 
magnetite blocking temperatures (~550 °C). It seems likely that 
shearing commenced shortly after emplacement of the Younger 
Basic suite, probably during D3 of the regional chronology. 
(481 +15 Myr)”. 

A wide range of mineral assemblages has been noted i in the 
varied rock types found in the shear zones. Blastomylonitic 
derivatives of pelitic rocks commonly contain fibrolite while 
calc-silicate rocks show coexisting calc-amphibole and diopside: : 
ferromagnesian minerals in the sheared mafic igneous rocks are 
replaced by aggregates of fine grained amphibole and biotite.. 
The mineral assemblages imply maximum temperatures of: 
600°C and pressures of 2-3 kbar (ref. 21), indicative of low- 
pressure amphibolite facies metamorphism. 

Within the Dalradian, this style of deformation is apparently- 
unique to the Buchan area. The shear zones’ control over thë 











Fig. 1 Distribution © of.“ 
major shear belts in north- 
east Scotland. Also 
shown, principal ‘younger oi 
basic (synorogenic) ; 
masses, newer. granites i 
(post-orogenic), anc Old f 
Red Sandstone (Devonian 
molasse). Ab; Aberdeen: 

C, Collieston; E, Ellon; 

Fr, Fraserburgh: Hy 
Huntly; I, Insch; O, Old: as 
meldrum; P, Portsoy; Ph, a 
Peterhead; T; Turriff.” 




















Fig..2 Dalradian stratigraphy in 
north-east Scotland. Also shown, 
Younger Basics, Newer Granites, 
Old Red Sandstone. Localities 
«lettered as in Fig. 1. Based on 
Aberdeen University/BGS con- 
` tract mapping; refs 2, 8. 





- emplacement of the Younger Basics suggests that they extend 
for a considerable depth. The western (Huntly/Portsoy) belt 
" appears also to have channelled ‘Older’ (pre-metamorphic) basic 
Intrusions. Furthermore, it roughly coincides with the inferred 
western limit of deep-water sedimentation in upper Argyll and 
. Southern Highland Group times. We suggest that the western 
. belt has a long tectonic history, perhaps initially as a zone of 
major extensional faulting’, and may not have moved sig- 
nificantly relative to basement since Dalradian sedimentation. 
Qur work confirms. the stratigraphical continuity implied by 
‘Fettes and Harte (in ref. 4) and Harte? between Fraserburgh 
and Oldmeldrum.and we thus support, with modifications (Fig. 
2), the stratigraphical correlation proposed by Fettes and Harte’. 
The effects of the shear belts, of previously unrecognized faults 
.on an. ENE trend, and. exceedingly poor exposure tend to 
obscure the continuity of the Tayvallich subgroup (which con- 
stitutes the only distinctive horizon in a thick clastic turbidite 
Succession), and the essential stratigraphical, structural and 
“metamorphic coherence of the Dalradian succession (see Fig. 2). 
‘The transition to migmatitic gneisses is usually the result of 
a.progressive increase in the grade of regional metamorphism 
«although high- and low-grade rocks may locally be juxtaposed 
‘by the shear zones. Furthermore, rocks with a gneissose aspect 
‘may also result from deformation in the shear zones. Sturt et 
al? present scattered isotopic data apparently indicating a 700- 
“Myr age of metamorphism for the gneisses. We suggest that the 
© Rb/Sr systematics implied by the scatter are too complex to 
“permit straightforward interpretation and that the ‘isochrons’ 
‘probably reflect components of provenance, sedimentary frac- 
,,tionation, diagenesis and Caledonian metamorphism. 
_--Ouf observations directly indicate that there is no longer any 
need for a Banff nappe: there is no major break in the stratigra- 
“phy and no sign of major, low-angle thrusts on the ground. 
Our new observations on the Buchan area reveal it as being 
distinctive in the Scottish Dalradian outcrop. The region has a 
-gravity high of about +15 mGal with steep gravity gradients into 
lows of the order of —50 mGal to the west and south”. The 
< steep gradients coincide with major shear belts. The gravity high 
“extends some 40 km offshore to the east, and points to an absence 
‘of major bodies of granite in the crust. It is probably caused by 
high densities in the Dalradian metasediments for which we 
have ‘measured values in the range 2.75-2.80 g cm”. 
‘ost-orogenic uplift of the Buchan area implied by metamor- 
Mineral assemblages has only been about 10 km, in contrast 
timates of up to 30 km in the intermediate pressure zones 
to the west and south. The area also. responded ‘differently to 
































tension and dolerite intrusion in late Carboniferous times, allow 
ing the emplacement of numerous dykes. oe 
We interpret these observations as indicating thatthe Bucha 
area is a distinctive crustal segment, partly decoupled from th 
terranes to the south and west by relative (largely vertica 
motion on the shear belts. The west margin of the area is define 
on both geological and gravity criteria as the steep zone an 
serpentine belt that extends from Portsoy to the SSW. The sout 
margin is less well-defined since there are several shear zon 
more widely spaced, and stratigraphy and structure are seriously 
obscured by late granites. We envisage large displacements (at 
least 5km) across the southern and western shear belts, wit 
the Buchan area on the downthrow side throughout. The Frase 
burgh-Oldmeldrum shear belt is seen as dividing the Buc 
area into two sub-areas which have only jostled against eac 
other without much overall displacement. Within the Bucha 
area, pre-Grampian structures may well be more influential i 
subsequent deformation than appears to be the case elsewhe: 
in the Scottish Dalradian. 











Fig. 3 Outline of metamorphism and structural disposition in- 
eastern Dalradian. Southern Highland Group of nappe belt, fine. 
stipple, (also includes upper Argyll Group of Tarfside nappe 
Right-way-up Southern Highland Group of Buchan (authoch- 
thonous?), coarse stipple. Also shown: sillimanite zones (ablique 
hachure); andalusite isograd (and); kyanite/andalusite inversion. 
(KY/AND). Based in part on refs 2, 8, 26, 27. Localities lettered: 
as in Fig. 1. HBF, Highland Boundary Fault. Metamorphic peal 
is. in post-D1, pre-D3 interval. eae 
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Fig. 4 Block diagram illustrating the relations of the primary 
i Structures in the north-east Dalradian. Based in part on ref. 28 
j and other published sources. 


In disputing the reality of the Banff nappe, we are obliged to 
search for other solutions to the status of the Buchan Dalradian. 
Perhaps the simplest alternative would entail a northeastwards 
continuation of the Tay nappe, with an implied increase in 
amplitude to accommodate the Buchan Dalradian outcrop, 
which would then represent the uninverted limb of the structure. 
However, the apparent northeastwards decrease in pressure 
experienced by rocks at a low structural level in the nappe belt 
marked by the appearance of andalusite and cordierite, see 
I ig. 3) argues for a decrease in the significance of nappe struc- 
res in this. direction. The Southern Highland Group metasedi- 
ments of the Collieston coast section could reasonably be con- 
sidered on structural grounds as a strike continuation of the 
structures atthe southeastern limit of the nappe belt. However, 
in uninverted rocks of the Southern Highland Group to the west 
of the Fraserburgh-Oldmeldrum belt (Fig. 3), Fl folds face 
westwards, in contrast to the ESE facing folds of the Collieston 
section. The preservation of much primary detail (in contrast 
to Collieston and the nappe belt), supports the impression of a 
different structural regime. 

The moderate uplift, paucity of granite and presence of a 
positive gravity anomaly argue for relatively minor crustal 
thickening in this region during the Grampian orogeny, in con- 
trast to the nappe belt to the south. This suggests that any 
northeastwards continuation of the nappe structures must 
involve a decrease in amplitude, and so be confined to the 
southeastern part of the Buchan area (see Fig. 4). Although 
ese ideas developed independently in the course of our work, 
B. Harte (personal communications) has also suggested that the 
ay nappe may decrease in amplitude from the Central High- 
lands to ‘the Buchan area. 

Tn rejecting. hypotheses involving a distinct Banff nappe, or 
a correlative of the Tay nappe, we are driven to adopt the 
implest solution which is consistent with the geological and 
physical data. We propose, therefore, that the Buchan Dal- 
an is autochthonous, to the extent that it is now underlain 
th ie basement on which it was deposited. This does not exclude 
he possibility of wholesale imbrication of extensionally thinned 
crustal segments, or of a major decollement at or near the base 
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Kent and Opdyke’ have argued that during the late Devonian and 
early Carboniferous, the eastern part of the northern Appalachians 
(Acadia) was situated ~ 1,500 km further south relative to. cratonic: 
North America than it is at present, and that it moved to its present. 
position sometime later in the Carboniferous (Fig. 1). Van der 
Voo and Scotese’ proposed an even greater displacement of 
2,000 km which they attribute to motion between cratonic North 
America and Europe, Acadia being attached to Europe (Fig: 1). 
The argument is that palacolatitudes (A,) derived palaeomagneti- 
cally from Upper Devonian and Lower Carboniferous rocks of 
cratonic North America are 15-20° more northerly than those-of © 
Acadia and Europe. The proposed shear zone passes through 
central Newfoundland. Using palaeomagnetic results from eastern 
and western Newfoundland we show here that no such: motion 
occurred. We also show that Kiaman (late Carboniferous and 
Permian) overprinting is widespread in Newfoundland, and that. 
these secondary magnetizations agree (with two exceptions 
attributed to dextral rotation of the Colorado Pleateau) with 
observations from late Devonian and early Carboniferous rocks 
of the North American craton, confirming the proposal’ that 
magnetizations of the cratonic early Carboniferous rocks aré 
Kiaman, not early Carboniferous in age. Our results also enable 
us to extend this proposal’ to late Devonian rocks of the craton, 
Hence the palaeolatitudinal offset of Fig. 1 is almost certainly 
not tectonic, but is an artefact of the wrong assumption of the 
equivalence of rock and magnetization ages. 

The hypothesis* of global Kiaman overprinting of magnetiz- 
ations has been recently revived’, and shown to be physically 
and geologically plausible. The Kiaman palaeofield was almost | 
continuously reversed’, so that uniform secondary magnetiz- 
ation could have been acquired over a long time without the 
complications of reversals. The Kiaman was a time of unpre- 
cedented continentality, with a huge supercontinent (Pangaea) | 
astride the palaeoequator’; rainfall was seasonal and the waters 
table depressed, and secondary haematite, capable of retaining 
a stable chemical remanent magnetization (CRM)’ was a com- 
mon product. Mild heating, during the accumulation of thick 
rock sequences at the time of the Hercynian~Appalachian 
orogeny, could have converted oxyhydroxides of iron to 
haematite and produced a stable CRM”. Also, uplift and cooling 
following deep burial could have caused the acquisition: of 
viscous partial thermo-remanent magnetization (VPTRM)™ : 

Ninety-seven per cent of magnetizations observed in ¢ratonic 
rocks of late Devonian and early Carboniferous age from North“ 
America, are reversed, having southerly directions- with ngar: 
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Big. 1 Hypothesis. of large-scale Carboniferous transcurrent 

“motion. a, The proposed displacement of Acadia redrawn from 

ref. 1. b, The proposed displacement of North America relative to 

- Europe and Acadia (note that Europe is broken in the middle) 
modified from ref. 2. Palaeolatitude scales are on the right. 


„equatorial inclinations'®". This should be compared with 95% 
reversed magnetizations observed in Kiaman rocks globally". 
There: are a few intermediate negative inclinations, notably 
(about:=40°, A, =23°S) in the Mauch Chunk Formation of 
-Pennsylvania’®. "These are truly univectorial magnetizations, 
unchanged up to.650 °C. The predominant southerly, reversed, 
<- low-inclination directions have generally been accepted as rep- 
‘resentative of the cratonic palaeofield’”'*, But are the cratonic 
observations (1) a true record of the late Devonian-early Car- 
‘boniferous field and. do the very rare more steeply. inclined 
on rmal directions merely reflect short-term excursions, or (2) 






` Fig: 3- Observations from Upper 
Devonian and Lower Carboniferous 
“socks. compared with the early 
"Ht Kiaman (latest Carboniferous and 
early Permian) field. b, Overprints 
¿observed in four rock-units from 
Newfoundland compared with the 
C Kiaman palaeoequator. DH, Deer 
“> Lake Group overprint, Viséan'?; SH 
cSt Lawrence Pluton overprint!*; 
“Spanish Room Formation, Permo- 
 Cafboniferous"?; Terrenceville For- 
mation overprint, Tournaisian’’. a, 
Observations from Upper Devonian 
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Fig. 2 Comparison of palaeolatitudes observed from prefoldi 
magnetizations in Lower Carboniferous rocks of the. western pl 
form of Newfoundland (DL, Deer Lake Group, Viséai!?'®'®) an 
the Avalon Zone (TV, Terrenceville Formation, ‘Tournaisian'* ay 


are they Kiaman overprints, the less common normal | magn 
ations representing the only surviving record: of the ori 
field? The hypothesis of large Carboniferous displaces 
justified only if (1) is true. 

Until recently, studies of cratonic rocks of late Devonian 
early Carboniferous age have all been from the US, and 
in one has it been concluded’®. that Kiaman overprinting 
present (Onondaga limestone). That only.one instance sh 
have been recognized is surprising because studies of Palaeoz 
rocks of other ages from cratonic North America common 
record evidence of it®™ tU, 

We have recently made the first study of a cratonic rock-uni 
(Viséan Deer Lake Group) in this age range in Canada >18 
These red beds lie on the Precambrian western Newfoundla 
platform, which is part of the Canadian Shield, and are pai 
cratonic North America. They have a pre-folding Viséan mag 
netization of both polarities (declination, D =355°; inclination 
I= =36°; as = 11°). The palaeolatitude (A, = 20+6°S) is con 
sistent with that obtained from the very stable magnetizati 
observed from the cratonic-Mauch Chunk Formation’®, bui 
inconsistent with most cratonic observations from the US. 
have identified and separated a secondary magnetization. 
158°, [= ~—13°, ags= 10°, A, =7+5°N) which indicates that ou 
result has no overprints. Textural studies show that secondar 






2+3°S 








cand Lower Carboniferous cratonic 
: rocks are compared with the Kiaman 
palaeolatitude grid. The results are 

- a8 follows: BF, Barnet Formation, 
“Lower Carboniferous”; CA, Catskill 
~redbeds, flat-lying, Upper 

< Devonian’; CB, Catskill redbeds, 
folded”; CD, Columbus and 
elaware limestone, Devonian?” 
(C, Mauch Chunk Formation, 
iséan'?; MF, Martin Formation, Upper Devonian?" 
‘ournaisian?” 












; TB, Temple Butte Formation, Upper Devonian? 








7 ON, Onondaga Limestone, Lower to Middle Devonian'’® 
LA poorly observed result?’ 
inclination. agrees with the Kiaman feld”. The early Kiaman grid is calculated using the palaeopole (44°N, 126°E, Ag; = 4°) derived from 
nic ‘results ranging in age from late Westphalian to. Sakmarian (mean 280 Myr) close. to the Permian—Carboniferous boundary”) Th 
racy of the pälacolstitudes of thë early Kiaman grid recently has been confirmed from: Ellesmere island's 







; SJ, St Joe limestone, 
from the Raisin River Dolomite i is not included: 














ent”, providing the means by which the overprint was acquired. 

The Terenceville Formation {Tournaisian) of the Avalon 

fone, situated on the. opposite margin of the Appalachian 
orogen”; also contains both a prefolding magnetization (Ap= 

174 5°S (ref. 12)) with normal and reversed polarities, and a 
ost-folding overprint (A, = 2+3°N). The former is in excellent 

agreement with our result from the western Newfoundland 

platform (Fig. 2). The Viséan Deer Lake Group and the Tour- 
naisian Terenceville Formation are not exactly coeval and the 
_ errors are not insubstantial, so the observations do not preclude 
` motion, although they show that very large displacements, such 
as those invoked in Fig. 1., have probably not occurred. 

«We have also observed two other overprints in rock units of 
€ Avalon Zone, in the Carboniferous Spanish Room Forma- 
ọn and in the latest Devonian St Lawrence Pluton’’. Both give 
ar-equatorial palaeolatitudes. All four Newfoundland over- 

prints agree with the early Kiaman field (Fig. 3) and are, there- 

fore, probably of this age. 

Observations from late Devonian and early Carboniferous 
rocks of cratonic North America also agree with the Kiaman 
field (Fig. 3). All yield near-equatorial palaeolatitudes and all 
agree with Newfoundland overprints. Particularly impressive is 
the exact agreement of the most detailed studies (MC, CA, CB, 
ON of Fig. 3) with the Kiaman field. Results TB and MF show 
small departures of declination (Fig. 3), which, we suggest, 
record a post-Permian clockwise rotation (15+4°) of the 
Colorado Plateau. Everywhere, inclinations are in excellent 
accord with the early Kiaman field. 

Arguments have been made to support the assumption (essen- 

al to the hypothesis of large displacement) that these cratonic 

servations truly record the late Devonian~early Carboniferous 
field, eapecially fold-tests for the Catskill and Mauch Chunk 
dbeds (Fig. 2, CB”, MC'). The magnetization predates the 

Heghanian (loosely dated as late Carboniferous or Permian) 
folding. Because it is parallel to the early Kiaman field, we argue 

at the magnetization is Kiaman and immediately predates the 
folding. A recent study” shows that certain folded Silurian beds 

inthe southern Appalachians acquired their magnetization by 
he transformation of goethite to haematite at about 80 °C during 
burial in the late Carboniferous just before Alleghanian folding. 
‘similar process could have produced the predominant (and, 
we argue, secondary) magnetizations of the Mauch Chunk and 
Catskill redbeds. Alternatively they could be uplift VPTRMs”"°. 
Three points are clear. First, early Carboniferous results from 
either side of the Appalachian orogen in Newfoundland show 
no displacement (Fig. 2). Second, all observations of inclination 
palaeolatitude) from Upper Devonian and Lower Car- 
niferous rocks of the craton agree with the much younger 
aman palaeofield, and with known Kiaman overprints (Fig. 
);the. predominant southerly-directed near-equatorial mag- 
etizations of the craton probably do not record the palaeofield 
thé time the rocks were deposited, but at ~50 Myr later. Third, 
aeolatitudinal determinations from the craton that are known 

è free from Kiaman overprinting, indicate southerly palaeo- 

itudes of about 20°S for middle North America, consistent 

th those from Acadia and Europe (Fig. 1). Hence, there is 
now no basis for invoking large-scale displacement of Acadia 
and Europe relative to cratonic North America during the Car- 
oniferous. The apparent palaeolatitudinal discrepancies of Fig. 
irose because magnetizations that are almost certainly second- 

y and of Kiaman age in North America have been compared 

th older, probably truly late Devonian or early Carboniferous, 

! agnetizations of Acadia and Europe. 

These arguments do not affect the hypothesis of smaller-scale 

ê Palaeozoic strike-slip faulting”. Neither do they affect the 

roposal”* of large-scale sinistral displacement during the mid- 

Devonian before the events discussed here. 

Since submitting this letter, an abstract has appeared outlining 
ults of a revised study of the Mauch Chunk Formation”, 

hich has resolved its magnetization into pre-f olding (A, = 15°S) 

ne post- or. sypfolding Kiaman (A eae romponents, pro- 








haematite, probably related to groundwater circulation, 1s: pres- ; viding further support for our arguments and those in ref. 3. 
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The origin of compositional zonation in magma chambers'""' has — 
created much interest. Observed chemical, mineralogical and ther- 
mal gradients in many ash flow deposits are widely believed to. 
indicate pre-eruptive zonations within the magma reservoir” ™™. 
By analogy with laboratory experiments involving salt crystalliz- 
ation and the concomitant release of chemically-induced buoyancy, 
it has been suggested that compositionally evolved magma might 
accumulate at the top of a magma chamber. Crystallization of 
mafic phases along the chamber margins would produce a residual 
melt which is more silicic than the bulk composition. Marginal 
upwelling of buoyant melt could then lead to vertical compositional 
stratification underneath the roof of the chamber'**”!*"'®, Here 
we show that analysis of laminar boundary layer flows driven by 
thermal and/or chemical buoyancy indicates that, for physical 
parameters characteristic of magma, the rate of enriched magma ~ 
accumulation is small compared with geologically-inferred rates. 
Furthermore, the effect of a temperature-dependent rheology is to. 
suppress the marginal upwelling effect". Even for the extreme case. 
of an isothermal chamber, sidewall upwellings can only be quanti- 
tatively significant for highly mobile species (chemical diffusion, 
D>10~"' m? s~') located in low-viscosity basaltic chambers with | 
a high surface area-to-volume ratio. 

Various possibilities for buoyancy-induced flows along the: 
walls of a magma chamber are summarized in Fig. 1. In the 
simple case, where only thermal buoyancy is important (Fig. 
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y along the cold chamber wall dictates a 
dary. layer region of downwelling flow there. The velocity 
and thermal fields depend strongly on the temperature depen- 
dence of magma. viscosity, and schematic velocity profiles are 
given for both the constant viscosity and temperature- dependent 
eases, Inthe latter case, a rheological layer of very viscous 
(solidified) magma is found immediately adjacent to the wall 
whenT,< T, where T, and T, represent the solidus and wall 
‘temperatures respectively. Marginal upwelling cannot occur 
because no chemical buoyancy is present. 

“The other extreme example of marginal flow is illustrated in 
Fig. 1c. Here, the chamber is isothermal. Chemical buoyancy 
may be’ generated by injection of components with small partial 
molal densities along the walls of the chamber', or by partial 
melting of country rock along chamber margins. The growth 
ate of a density stratified zone at the top of the chamber depends 
on mass transfer boundary conditions, transport properties and 
magma chamber size. The quantitative theory developed below 
‘shows that mass flow through marginal boundary layers is gen- 
erally small compared with roofward magma.accumulation rates 
of 10°?**°° km? yr“! as inferred geologically”, 

In. the. more usual situation, both chemical and thermal 
buoyancy act simultaneously. This is the regime of countercur- 
rent.convection where a thin upwelling chemical boundary layer 
is embedded within a thicker downwelling.thermal boundary 
layer (Fig. 1b). The precise nature of compositional, thermal 
and velocity fields is. governed by the buoyancy ratio, the ratio 
mass to heat diffusivity and by boundary conditions on heat 
nd mass transfer. 

“The partial differential equations expressing conservation of 
‘mass, momentum, energy and concentration appropriate for 
steady, laminar boundary layer flow in the countercurrent regime 
‘can be related to a set of coupled ordinary differential equations 
by means of the similarity transformation y= Pr'/*g y/x'/* 
where x and y represent the horizontal and vertical coordinates, 
respectively and gq, a scaling constant is given by q*= 
peal To- Tu) ta {Ca —C,)/4x where q remains. strictly 
positive! 7.18. The transformed set of coupled ordinary differen- 
tial equations takes on the following form in which primes 
'e differentiation with respect to ņ 
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i Howing dimensionless variables have been introduced in 
g equations ((1)~(3) 
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where w is the stream function and T= 
aa Ty r Tx.)/ aC, Co) is the buoyancy ratio. The Lewis 
numbér (Le = «/D) measures the ratio of thermal to chemical 
diffusion and has an important role in determining whether or 
not countercurrent flow is possible. The parameters a, and a, 
represent the isobaric thermal and isobaric concentration 
expansivities respectively. The boundary conditions are that the 
wall temperature and concentration are constant at T, and C, 
respectively and that the vertical velocity vanishes there. At 
asymptotic distances from the wall, the temperature and con- 
centration are set at T,, and Cœ and the vertical shear stress 
van hes. Pris the Prandtl number (= v/ i). 

< The. two parameters governing the structure of marginal 
ical and thermal boundary layers are Le and F. In Fig. 2, 
en from ref. 17 are plotted over the Le- plane. This 
been constructed on the basis of numerical. results 
ned by solution to equations (1)(3) for Le< 107 and by 










m hod of matched asymptotic expansions for Le > 10°. For 



































Fig. t Three regimes of boundary flows adjacent to à wall in-a: 
magma chamber. The vertical velocity is plotted as a function of 
distance normal to the wail (hatched region). The gravitational: 
acceleration vector indicates the direction of the flow: The velocity, 
scales w; are different in each case. a, Descending flow structures | 
characteristic of boundary-layers driven by thermal buoyancy..6 
indicates the thickness of the rheological boundary layer, as 
consequence of a temperature-dependent viscosity. Dashed curve, 
the velocity profile for a constant viscosity fluid; b; counterflow: 
situation where both thermal and chemical buoyant effects are: 
dynamically important. This situation represents that observed in. 
laboratory experiments**'*'>; e, upwelling flows driven’ by 
chemical buoyancy. For diffusion coefficients of typical, 
geochemical species, 6, can. range from centimetres to metres in 
thickness. The downwelling flow takes place in a region much 
greater than y, which is based on scaling with respect to the 
chemical boundary layer thickness. This is an idealized case rel-. 
evant to flow in an. isothermal magma chamber where no thermal 
downwelling exists. ‘ 


large Le, the asymptotes F = 1.08/ Le'’/’ and T = 0.545/Le defin 
the boundaries of the descending and counter flow regions an: 
the ascending and counter flow domains, respectively. Th 
upflow and counterflow regimes occupy a rather restricted po 
tion of the Le-I plane where both the buoyancy ratio (T) and 
Lewis number are small. The locations of fast (H,O) and slow 
(silica) moving species for magma of rhyolitic, intermediate and 
basaltic composition are shown for a range of temperature 
decrements across the thermal layer. Figure 2 reveals tha 
unidirectional downward flows are expected in most cases whi 
thermal and chemical buoyancy effects act concurrently in 
chamber. A counterflow regime could be set up in a low viscosity 
(basaltic) chamber provided AT across the marginal thermal 
layer is small, and if the component driving the upward ‘flow 
can diffuse rapidly (D> 107'' m° s™'). These conditions may be 
set up in large deep-seated (catazonal) mafic intrusions where, 
because of proximity to.an underlying magma source. and lack 
a large heat-dissipating hydrothermal system, Å Tis sm 
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:Fig.2 Domain diagram depicting flow regimes in the Lewis num- 
“ber (Le) and buoyancy ratio (T) plane. U, D and CF denote 
upwelling, descending and countercurrent flows respectively. Solid 
circle in the counterflow region (CF) refers to. the conditions of 
‘the double-diffusion experiments in aqueous solutions''. a equals 
5x107 K for all cases. AT is the temperature drop across the 
thermal boundary layer. Diffusion data for H,O and silica in 
basaltic, phonolitic and rhyolitic melts taken from refs 1, 29-32, 
36, 37. a, values calculated from refs 33-35. Thermal conductivities 
«and isobaric heat capacities are from refs 38 and 39 respectively. 
Properties of rhyolitic, phonolitic and basaltic melts evaluated at 
850°C, 1,050°C and 1,200°C respectively. This is applicable to 
‘constant viscosity melt. The influence of a temperature-dependent 
theology isto supress the counterflow regime as indicated by the 
arrows’. Bars marked a, b; c refer to H,O in magma of rhyolitic, 
oo phonolitic and basaltic composition, respectively. 


wever, for more silicic systems in which the effects of compo- 
nal zonation are most striking”*'*, upward marginal flow 
irs unlikely even for AT~0 because of very large Le. 
rthermore, geothermometric calculations based on metamor- 
ic phase assemblages often indicate large temperature drops 
across pluton-countryrock contacts”. Figure 2 demonstrates 
at even fora fast. moving component, if AT > 30°C, the flow 
ong the vertical wall will be dominated by thermal effects. 
though it is possible to choose parameters such that upflow 
does occur for some components, compositional zonation in 
rms ‘of SiO, is essentially precluded due to the very large Lewis 
mber for silica in magma. It, therefore, seems that, unlike the 
o atory experiments in which counter-current flow leads to 
ox-filling compositional stratification, the silica-rich. zoned 
ps of magma reservoirs have a different origin. 

the case of an isothermal chamber (T = 0), a buoyant plume 
| exist along the sidewalls for components with Le < 10° 
gel ). An important question is whether ascending mar- 
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Fig. 3 Box-filling mechanism for growth of a conipasitiditty 
stratified cap in a crustal magma chamber. The model is ‘applicable 
to the isothermal-constant viscosity magma chamber(see Fig. 1c). 
A cubical magma reservoir of volume W*L is assumed. 


Concentration c> 
field 


Chemical 
boundary 
layer 














Y 
ko 


Fig.4 Accumulation rate for evolved magma at the top of a». 
chamber as a function of mass diffusivity of the buoyancy- : 
generating species. Magma properties as in Fig. 2. Additional 
parameters are AC =0.05, »=3.8x10"m’s"' (basalt) and. 
10 m*s™' (rhyolite), L= W=10km. The horizontal dot-dashed ; 
lines represent inferred rate of evolved magma accumulation. Thè: 
estimated range of roofward accumulation rates is based on 
detailed volcanological, petrological and geochronological studies. 
Dashed curves give M for rhyolitic and basaltic chambers subject 

to a constant flux of injected. low-density component along the 
vertical boundary. Solid curves are for the constant wall composi- $ 

tion case with AC = 0.05. ne 


magma at the top of the chamber equal to the inferred. rate of 
about 10°°5*°° km? yr! (refs 2,4). 

To answer this question, numerical solution of the ap j 
boundary layer equations have been obtained. Detail 
in ref. 21, so here we just outline the procedure: and quote the 
results. For the isothermal problem, the relevant partial differen- 
tial equations include conservation of mass, momentum and 
concentration of the buoyancy-inducing component. One may 
use similarity variables to simplify the form of these equations. 
Examination of the resulting set of ordinary differential 
equations for either the constant wall composition (Cy= 
constant) or constant wall flux (jẹ = constant) boundary condi- 
tion reveals that the Schmidt number (Sc =-v/D) is the only. 
parameter of the problem. Because Sc is very large (10! <Se< 
10°°), a natural method of solution is to seek an asymptotic 
solution valid for large Sc. Physically, this corresponds to divid- 
ing the: marginal boundary layer: into:a thin, inner chemical 











_ boundary layer embedded within'a thicker momentum boundary 
z layer. Following ref. 22, the method. of matched asymptotics is 
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ilized to determine the velocity and concentration throughout 
uid. Solutions have been. obtained for both constant wall 
mposition and constant wall mass flux boundary conditions. 
The latter condition might be met in nature if low-density silicic 
melt is generated by partial fusion along the wall of the chamber. 
If-this is to occur, however, large amounts of heat must be 
‘supplied to the chamber to offset the dissipated heat and the 
energy consumed in partial melting. A possible magmatic source 
of the necessary heat would be the repeated injection of primitive 
magma into the roots of the chamber™*?**, The former condi- 
tion (C, = const) could be attained if, for example, hydrous 
country rocks buffer the concentration of H,O along the margins 
of the chamber’. 
“The growth of a stratified layer at the top of a chamber is 
; given by the rate at which buoyant melt crosses the plane 
“= L— A(t) (see Fig. 3). In Fig. 4, the rates of accumulation of 
‘evolved magma for various bulk compositions are plotted 
against mass diffusivity. The range of mass accumulation rates 
inferred from natural systems is also plotted. Figure 4 suggests 
-that rates of marginal upwelling are too small by several orders 
<; of magnitude to explain gradients in SiO, as found in pyroclastic 
“deposits. For H,O, vertical stratification by the buoyant upwel- 
‘ling mechanism appears marginally possible. Additional calcu- 
lations in which the variations of viscosity and Dy, with H,O 
-concentration are explicitly considered are in progress. 
The critical thermal Rayleigh number for the onset of tur- 
lence.is a function of the fluid Prandtl number. Because of 
e lower Prandtl number, turbulent convection is more probable 
in basaltic, as opposed to rhyolitic, chambers. Within rheological 
> and thermal boundary layers in non-isothermal chambers 
“however, turbulence would be suppressed. In an isothermal 
chamber, turbulent boundary layers might develop in a basaltic 
< chamber. Modification of results found in ref. 27 leads to an 
“approximate expression for the mass flow (M) in a chamber 
Characterized by turbulent boundary layers. The magnitude of 
M is not very different than that in the laminar flow case. In 
addition, the effects of entrainment and mixing”® are greater in 
‘the case of turbulence and so the composition of evolved melt 
delivered to the: chamber roof would be less silicic. 
magma chambers, where thermal and chemical buoyancy 
effects are present, marginal velocities are dominated by down- 
welling effects for components with Le > 10°. Rapidly diffusing 
components such as H,O in low-viscosity, basaltic reservoirs 
‘may show countercurrent flow. Upflow is maximized in isother- 
“mal chambers; however, for species other than highly mobile 
‘ones (D> 107'' m?s”') the upward mass flow rate through the 
chemical boundary layer is small compared with the inferred 
. gate-of roofward magma accumulation. In an isothermal cham- 
“ber, the upflow mechanism is marginally feasible in generating 
oofward accumulations of magma zoned in H,O; vertical zon- 
ation with respect to silica appears to be precluded, however. 
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Rock varnish is a dark coating composed mostly of cla 
manganese and iron oxides' that accretes on rock ‘surfaces 
terrestrial environments’. Perry and Adams’ first observed m 
scale manganese-rich. and manganese-poor (relativel 
layers in varnish and proposed that these may be: 
unspecified environmental changes. Electron microprobe analy: 
reported here suggest that Mn: Fe ratios vary systematica 
depth in varnishes on K/Ar-dated volcanic rocks from the í 
and Cima volcanic fields, eastern California, and on talus flatiror 
in the Negev Desert, Israel. These microchemical ‘laminat 
probably reflect past fluctuations in the level of aeolian alkalin 
and possibly climatic change. This new indicator of terrestri 
environmental change may be of importance to research on geo! 
phology, archaeology, palaeoclimatology, and Quäternary si stud 
in arid environments. 

Several lines of evidence support the premise that aker jati 
manganese-poor and manganese-rich laminae in var 
subaerial exposed rock surfaces are linked to the alkalin 
the aeolian environment. (1) The manganese-oxidizin 
organisms that are probably responsible for mang 
enhancement in varnish** are inhibited by alkalinity** h; 
manganese concentration occurs by a physicochemical fract 
ation process’*, where manganese is mobilized from am 
material and fixed in varnish under slight pH-Eh fluctuation: 
and iron is not, a lack of periodic fluctuations to slightly mor 
acidic conditions in a geochemical régime that is highly alkalin 
could also promote a varnish poor in manganese. (3) Exce 
for acid springs and acid mine-drainages where iron is fixed b 
chemolithotrophic bacteria’, orange (manganese- poor) Val 
nishes only occur in deserts where rock surfaces are in const: 
direct contact with alkaline material. In contrast, mangane 
rich (black) varnishes have been observed in all terre 
weathering environments that are not acidic enough tom 
manganese from surficial coatings’. (4) Contempo 
manganese-rich varnishes have near-neutral pH values, 
manganese-poor varnishes have alkaline pH levels!” 

However, several potential sources of error may confuse 
assumed relation between varnish microchemical laminatior 
and regional alkalinity levels. (1) Dominant local influences 
could interfere with a regional signal. For instance, accumulat 
of organic material from adjacent plants or airborne fallout fro 
a nearby deflation surface could inhibit manganese oxid; 
by microorganisms. (2) Microlaminations are usually. dis 
tinuous from microdepression to microridge (on a millimetr 
centimetre scale), and they can sometimes be discontinue 
within the same microdepression. These discontinuities may 
caused by differential rates of varnish accumulation, diffe: 
compression of subsurface varnish, anomalous alkaline det 
(see Fig: 2b in ref. 10), and/or localized chemical or mechgn: 
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less arid environments (more chemically erosive to 
ire manganese-rich, whereas varnishes with iron- 
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environments, orange (manganese- poor) vi varn 








Fig. 1 Microchemical laminations in rock varnish on volcanic deposits 
in the Coso Range as determined by electron microprobe analyses. The ` 
vertical scales in these graphs represent the varnish Mn: Fe ratio. The 
actual’ distance between. each microprobe data point on. the horizontal 
axis is 2 um. However, each transect was normalized to the K/ Ar-age of 
the underlying volcanic deposit. a-f Refer to K/Ar-dated. Coso sites, 


identified in ref. 20: al and a2 are from site 33 (1.08 +0.06 Myr); b, site” o-i 


32 (1.07+0.12 Myr); c site 31 (0.486+0.108 Myr); d, site 15 (0.2934. 

0,035 Myr); e, site 36. (0.2344 0.022 Myr); f site 28 (0.140 +0.089 Myr). 

The peaks. (low Mn: Fe ratios) have been assigned an arbitrary notation 

of sequential odd numbers indicating what were probably periods of more 

alkaline conditions. The troughs (high Mn: Fe ratios) reflect less-alkaline 
aeolian environments. 































































: ubsequently receives a superposed layer of black varnish 
enriched in manganese. Thus a basal sequence of manganese- 
poor under manganese-rich varnish may not reflect fluctuations 
-in the alkalinity of aeolian’ fallout. (5) Some varnishes have 
“microprobe Mn: Fe. profiles that reveal no laminations. This 
maybe due to improper thin-section preparation, varnish 
~ aecréetion rates that are too slow to record these environmental 
| changes, or environments that do not experience significant 
‘fluctuations in alkalinity. 
© To assess the consistency and significance of Mn: Fe micro- 
chemical laminations, varnishes were sampled from the surfaces 
vof 11 K/Ar-dated rhyolite domes and south to south-west facing 
: basalt flows in the Coso Range, eastern California. Because the 
focus of this study is on the sensitivity of varnish to regional 
ctuations in levels of aeolian alkalinity, varnish samples were 
“only collected from the tops of rock exposures at least 1 m above 
“adjacent soil surfaces. 

Figure | presents electron microprobe transects. from the 
varnish surface to the underlying rock, each representative of 
4 ple microprobe transects of the varnish analysed from six 
volcanic flows. Varnishes of five other volcanic deposits 
in th Coso Range were analysed and not reported here, but 

oprobe analyses reveal very similar results (R.I.D., in prep- 
). Successive microprobe analyses were taken at 2-~m 
Is. For ease of comparison, varnish depths were normal- 
the K/ Ar-age of the underlying deposits. Note that the 
: rvals in Fig. 1 are only approximations, because: (1) 
ough the rate of varnish accretion was assumed to be con- 
-stant for the construction of Fig. |, this rate probably varies; 
-(2) different time lags may occur between exposure of a surface 
to the subaerial environment and the onset of varnishing: (3) 
_ significant age-uncertainties are assigned to some of the K/Ar- 
dated volcanic flows, and (4) compression of ‘older varnish 
Probably occurs after burial. 

Multiple microprobe transects were made into varnishes on 
“several rocks from each of the 11 Coso flows. al and a2 in Fig. 
“t°exemplify variations that can be found in transects from 
adjacent rocks in the same volcanic flow. The most consistent 
‘results occurred in 1-3 mm-wide microdepressions collected 
_ from sloping surfaces. The average rate of varnish accretion in 
these:small hollows is probably rapid enough to record major 

“fluctuations in regional levels of alkaline. aerosols, and these 
_Microdepressions are probably too small to genérate their own 
‘microenvironment. About one-third of the transects had discon- 
tinuous microlaminations or profiles with few or no variations 





























coe Fig. 3  Microprobe profiles of 

Coo varnish collected from the oldest 

“flatiron in sequences of inset talus 
flatirons in the Negev Desert, 20 
‘Israfil: a, Representative transect of 
varnish on syenite in the Timna 
‘Valley, southern Negev. More 
“humid periods are interpreted as 
--oceurring from ~8-34y.m and 
from) ~50-70 um. b, Representa- 
‘tive transect of varnish on chert 
. Mear Paran in the Arava Valley, 
=i central Negev. More humid phases 
< “are likely from ~6-16 pm and from me 
“26-34 pm. Because no absolute | 
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age-estimates are available, the 
‘depth from the surface to the 
underlying rock is plotted against 
the Mn: Fe ratio. 












jarnish is exposes to less-alkaline, subaerial conditions © 
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Fig.2 Microchemical laminations of varnish on Cima basalt flow 
i, (K/Ar-age of 0.13+0.06 Myr)'!. a-and b are transects from two 
separate rock exposures. i 


in Mn: Fe ratios. The remainder are continuous and fairly co 
sistent, including the microchemical laminations presente 
Fig. 1. 
Figure 2 presents microprobe transects from rock va 
two separate rock outcrops on a 130,000 +60,000 BP K/A 
basalt flow in the Cima volcanic field of eastern Californ 
Like the Coso Range, varnish on. the Cima: basalt flow w 
collected from constructional surfaces. The sequence of hi 
and low Mn: Fe ratios in the Cima varnish is remarkably sit 
to the sequence of Mn: Fe rations from the Coso Range 
the same approximate time: period. 
Figure 3 illustrates the microlaminations of varnishes on talu 
flatirons in the Negev Desert.of Israel. Gerson? proposed 
climatic-geomorphic model: for the development of sequen 
of inset flatirons, where talus is built up in lengthy, more humi 
periods and eroded during arid phases of jong duration; Accord 
ing to Gerson’s model the varnishes on the oldest of three talu 
flatirons should have-experienced: three major arid periods s 
arated by two long humid periods. This is indeed reflected i 
microprobe transects. of varnish on the oldest flatiron at 





the basal layer may represent varnishing during an arid- 
Ara after the humid simi when the talus was depositec 
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iganese poor | laminations, co eaponding with the develop- 
ent of the two younger talus flatirons at-each site. Microprobe 
_analyses of varnishes on the younger flatirons are also consistent 
vith Gerson’s model (R.1.D., in preparation). 
‘The consistency of these preliminary results warrant some 
ntative interpretations, The sites reported here are adjacent to 
asins that have alternated between pluvial lakes and saline 
layas during the Quaternary'*"'*, Similarly, when these lakes 
were present, the vegetative cover was probably more exten- 
‘sive’’'*, During presumably warmer-drier climates, saline 
; playas developed and the vegetation cover over desert soils 
decreased, providing a more abundant source of alkaline aero- 
‘sols’? that probably fell on neighbouring upland areas. Thus, 
he climate of these areas may have controlled fluctuations in 
he concentrations of alkaline aeolian fallout and hence influ- 
enced Mn: Fe ratios in varnishes. High ratios probably reflect 
ess alkaline conditions, and low ratios probably indicate more 
alkaline conditions. The sensitivity of varnish Mn: Fe ratios to 
uctuations in alkalinity appears to be of the order of 10,000- 
25,000 yr and is probably dependent on the rate of varnish 
ccretion. 
~ Note that each individual microprobe transect only reflects 
he history of influences imposed on that given rock. Systematic 
sets of intra-rock, inter-rock, and inter-site transects of micro- 
hemical laminations are required before a record of regional 
changes in the aeolian fallout can be reasonably interpreted. 
hese have been obtained for the Coso Range (R.I.D., in prepar- 
tion), although more extensive microprobe work is still required 
o determine conclusively under what conditions uniform lami- 
ation sequences develop. The offsets that do occur between 
he varnish profiles in Fig. | may result from: differences in the 
ne required to initiate varnishing on the volcanic deposits; 
n certainty in the K/Ar-ages; variable rates of varnish accretion, 
nd differential compression, particularly with respect to the 
ast recent peak of low Mn: Fe ratios. This most recent peak, 
abelled as stage l, lacks the compression that is likely to occur 
n older varnish after burial. The greater relative length of stage 
‘may also in part be due to the possible attenuation of this 
‘surficial layer of varnish during thin section preparation, and a 
aster rate of clay accumulation during the Holocene and similar 
nvironments. 
‘Over approximately the past million years in the Coso Range, 
eastern California, there have been systematic fluctuations in 
ock varnish Mn: Fe ratios that probably reflect variations in 
egional aeolian alkalinity and possibly changes in climate. 
[hese rock varnish microchemica] laminations are also docu- 
mented in the Mojave Desert of eastern California and in the 
Negev Desert of Israel. However, before microchemical lamina- 
tions can be interpreted reliably as a record of fluctuations in 
alkaline aeolian fallout, more data are needed to establish con- 
sively the link between Mn: Fe ratios and alkaline aeolian 
allout and to assess the factors that influence inconsistencies 
n rock varnish microchemical laminations. This new record of 
restrial environmental change during the Quaternary is specu- 
ative, but it has considerable potential as a long-term indicator 
past climates and as a tool to correlate landforms in what 
at present arid lands. 
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Dimethyl sulphide (DMS) is the major volatile reduced organic 
sulphur compound in open ocean and coastal waters, and its 
emission from surface water represents a major flux of biogenic. 
reduced sulphur to the atmosphere’. It is an algal natural 
product" as well as a product of microbial decomposition of 
organic matter’™™'*. In the open ocean, the distribution of DMS: 
is correlated with primary productivity’***. In a study of a 
stratified coastal salt pond reported here, DMS was the pre- 
dominant volatile sulphur compound in the oxic epilimnion. 
throughout the year. There was consistently a peak. in DMS 
concentration just above the oxic—~anoxic interface at low oxygen 
tensions, probably arising from a combination of physiological 
stress and decomposition of algal material. During winter and- 
early spring, a second DMS peak was present in the epilimnion, 
probably associated with algal production. Elevated DMS con- 
centrations did not seem to be related to strict anoxia, as the 
lowest concentrations were always found in the anoxic hypolimnion 
where H,S (a volatile reduced inorganic sulphur compound) domi- 
nates. 

Salt Pond is a shallow (5.5-m deep) eutrophic marine basin 
on Cape Cod, Massachusetts'®, that exhibits density stratifica- 
tion. While aerobic processes dominate the epilimnion, the 
anaerobic hypolimnion generally has high concentrations. of 
H.S (up to ~5 mM) generated from sulphate reduction in the 
bottom waters and sediments. In summer, the anoxic zone rises 
to within 2-3 m of the pond surface and the oxic-anoxic interface. 
becomes quite pronounced, resulting in steep geochemical. 
gradients. During winter, the depth of the interface deepe: l. 
HS concentrations decrease as a result of wind-driven mixing: 
Occasionally the water column overturns. ; 

DMS concentrations were measured in the water column. of. 
Salt Pond between June 1982 and July 1983. Water samples 
were collected along a vertical profile in the central basin using 
a battery- -operated peristaltic pump and a weighted silicon rub- 
ber tube” lowered sequentially to the appropriate. sampling 4 
depths. Glass sample bottles (21) were rinsed, filled and stop- 
pered without headspace. The water samples were returned to. 
the laboratory within ~ 1 h of collection and were syringe-filtered 
through 0.22-~m Millipore filters to remove algal. cells. and 
poisoned with HgCl,. HgCl, acted both to preserve the samples. 
and to precipitate H-S which, when present at high concentra- 
tions, interferes with our DMS assay. Volatile compounds were 
collected from the water subsamples (50-200 ml) by sparging: 
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Fig. t DMS distributions in Salt. Pond. a, Selected DMS (nM) 
=: depth profiles; dotted lines indicate approximate: depth at which 
H,S.was detected. b, Seasonal variation of the depth of maximum 
concentrations. of DMS and approximate depth of the O,/H,S 

‘ interface. c, Seasonal DMS inventory (0-5.5 m). 
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2 Yertieal profiles of. DMS and ‘geochemical parameters ‘in Salt. Pond, 26 July 1983.4, Dissolved oxygen, . Eh, ps”. b, DM 
: ë r Density {o), suspended particulate carbon (P. C. hi total pigments. 








‘for 20 min with helium at 35 °C and cryogenic trappin 
N3) on glass beads. The trapped components were th 
focused at the head of a glass capillary. gas chro 
column (50m x0,3 mm i.d.; 0.5-am film- of Pluroi 
subsequent separation. Sulphur-containing ‘compou 





























added to each sample as an internal standard before § s 
Recovery of DMS from pond water. was about 85% + 10% i 
DMS concentrations have been corrected for reco 


O; electrode through the water boluiiin justintot 
Oxygen measurements have been corrected. for. salinity 
pended particulate carbon concentrations were determ ne 
CHN analysis of particles ‘obtained by filtration onto pre 
busted glass fibre filters, and pigments by acetone 

filtered particles (0.45-.m: Millipore. filters) followe 
trophotometric analysis (665and 750 nm befor i 
cation). l 
DMS was the most abundant volatile educó 
compound in-the epilimnion of Salt Pond throug 
DMS concentrations ranged from near its de 
(~0:5 nM} up to-62 nM; with distinct peaks:i 
(Figs 1, 2). These concentrations are generally 
surface seawater values (2-5 nM; refs 1, 3, 5,°6,°8) 
than the ~1 00 nM found ina shallow (1: 5 m) eutro i 
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mediately above the oxic-anoxic boundary ( Fig. ta, 
seasonal excursions of the interface depth (Fig. 16), the 
IMS peak shifted accordingly. A detailed examination of water 
column chemistry (Fig. 2) shows that the DMS peak is actually 
the zone in which dissolved oxygen concentrations are 
Teasing, but above which H,S appears. The DMS peak also 
above the peaks in particulate carbon and pigments, both 
which straddle the pS*~ and Eh breaks and probably corre- 
pond to high rates of bacterial activity. The cause of the 
ximum DMS concentration is unclear. It may result from the 
composition of phytoplankton or other detritus at the inter- 
‘ace, or from the effect of low oxygen tensions creating a physio- 
gical stress on phytoplankton near the interface, or both. 
composition of algal material releases DMS in both aero- 
%5 and anaerobic'*'* environments. The most likely pre- 
irsor compound is the algal osmoticum, dimethylsul- 
honiopropionate (DMSP; dimethylpropiothetin)'?*4 which 
leases DMS on enzymatic cleavage. DMS formation does not 
eem to be associated with the sulphide produced from sulphate 
luction since the maximum DMS concentrations were always 
1 the oxic zone of the water column. At all times, DMS levels 
slow the O,~H.S interface were near or below the detection 
mit, consistent with anaerobic metabolism of DMS”. 
During winter and early spring, when the O,-H,S interface 
‘as near the bottom of the pond, a second DMS peak was 
bserved in the upper epilimnion. This additional peak we 
tribute to release by phytoplankton. DMS is released by axenic 
tures-of a variety of phytoplankton**"'', and a close corre- 
ondence between DMS and chlorophyll a profiles has been 
oted in the open oceans**°*, We do not have chlorophyll a 
a for Salt Pond (the pigment profile in Fig. 2 probably 
resents partially degraded bacterial pigments), but spring 
ms commonly occur in the pond (C. D. Taylor, personal 
munication). The release of DMS by phytoplankton is 
pecies specific*””'' and although DMS and phytoplankton 
centrations often:coincide, major blooms in Salt Pond during 
il and July 1983 (S. Lohrenz, personal communication) did 
produce concurrent DMS peaks in the epilimnion. 
n estimate of the seasonal DMS inventory in the Salt Pond 
ater. column was made by integrating the DMS concentration 
files over the 5.5-m depth of the pond. The resulting inventory 
nges from 30 to 95 pmol DMS m™ (Fig. 1) and was highest 
january 1983, when the highest DMS concentration (62 nM) 
as observed. Despite major differences in both the depth distri- 
ution and the apparent sources of DMS during the study 
iod, the total amount of DMS in the pond did not fluctuate 
atly. To maintain a relatively constant DMS inventory in the 
d, there must be a balance between the rate of production 
the rate of removal, either by exchange to the atmosphere, 
DMS metabolism at the O,-H,S interface, or by oxidation 
DMS in the epilimnion. The relative constancy of DMS in 
pond contrasts markedly with the other major volatile 
ed (inorganic) sulphur compound in the water column, 
Hydrogen sulphide was very abundant in the anoxic bottom 
during summer stratification, but was greatly depleted 
inter. However, throughout the study, the total H,S per m°? 
everal orders of magnitude greater than DMS. 
r results show that DMS is the major volatile reduced 
üc sulphur compound in Salt Pond. Distributions of DMS 
‘seasonally in response to the changing physical, chemical, 
iological character of the pond’s water column. Two sour- 
s of DMS seem to be important. We observed elevated DMS 
centrations in association with some algal blooms, as has 
n previously reported. However, it seems that on an annual 
, most of the DMS was produced and/or preserved in low 
gen conditions just above the oxic-anoxic interface. This 
be an important mechanism for DMS formation in marine 
ems where oxygen becomes depleted. 
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The palaeooceanography of the Arctic Ocean is less well known 
than any other ocean basin, due to difficulties in obtaining cores’ 
and in providing a secure chronological framework for those cores 
that have been raised. Most recent investigators have suggested 
that low sedimentation rates (0.05-0.1 cm kyr”) have character- 
ized the deep basins over the past 5 Myr (refs 1,2) despite the 
glacial-marine character of the sediment and proximity to major 
centres of shelf glaciation. These calculations have been primarily 
based on the down-core pattern in the inclination of magnetic 
minerals, supported by uranium-series, '*C and micropalaeonto- 
logical evidence. Here we analyse amino acid diagnesis in 
foraminifera from two gravity cores raised from the floor of the 
Arctic Ocean, our results suggest that these cores span <200 kyr., 
conflicting with the earlier estimate of 3 Myr based on palaeomag- 
netic data. The chronology of other Arctic Ocean cores and pre» 
vious palaeoenvironmental interpretations need re-evaluation. ay 
The present study is mainly based on samples of planktonic 
foraminifera extracted from the 260-cm long Arctic Ocean core 
T 3-67-11 (79°34.9' N 17°2.39' W) raised from a depth of 2,810 mo. 
Because of the possibility that planktonic foraminifera’ are. 
reworked from shelf areas, we have also analysed three samples 
of benthic deep-water foraminifera. Two lots of samples were 
extracted from core T3-67-3 as core T3-67-11 did not-contain 
enough benthic individuals. Core T3-67-3 was raised froma 
depth of 2,285m (79°11'N 175°09 W) and was 380cm long. 
Palacomagnetic data, sedimentology, and micropalaeontologi- 
cal results from these cores have been published elsewhere >". 
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Pigi Amino acid data plotted 
against some sedimentological data 
from the Arctic Ocean core T3-67- 
1l (from ref. 1). a, Solid: line, 
microfauna (left) to clastics (right) 
in the coarse fraction (> 62 ym). 
Dashed line, percentage of 
Globigerina quinqueloba complex 
jf the: total planktonic foraminifera 
pulation. b, Percentage of coarse 
faction (> 62 jum): c, Percentage 
thic foraminifera of the total 
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in the total fraction in 
koguadrina pachyderma (sin.). 

















































Amino acid diagenesis of the indigeneous protein preserved 
-in fossils is a useful stratigraphical and geochronological tool 
he material of Quaternary to late Tertiary age”. Over the past 
decade, the racemization and epimerization reactions in carbon- 

ate fossils have received much attention*°. The epimerization 

reaction between the protein amino acid t-isoleucine (Ie) and 
< the nonprotein amino. acid D-alloisoleucine (alle) is utilized in 
“the present study.. The extent of this reaction is expressed as 
: f alle/Ile, which increases with time from close to zero 
< in modern samples to an equilibrium value of ~1.3. The reaction 
rate is temperature dependent (activation energy ~28 kcal 
mol’) and at 0°C, 10°10’ yr should be required to attain 
quilibrium. Material from the deeper parts of the world’s oceans 
“should be well suited for this method because of the relatively 
“stable temperature conditions in these areas in both time and 
~ spacg. The isoleucine epimerization reaction has been used in 
udies of deep-sea cores both on bulk sediment'*, and on 
imples of planktonic foraminifera'*-'*, As in other carbonate 
` fossils, 

























the epimerization reaction rate varies between 
foraminifera taxa'*!?, and therefore, only monospecific samples 
are used. 


o For: this study, analyses were performed on samples of the 
i planktonic foraminifer Globoquadrina pachyderma (sin.) from 
nine different levels in core T3-67-11. In addition, the extent of 
isoleucine epimerization in the benthic species Cibicides wüeller- 
Storfi was measured in one sample from 13-67-11 and two 
samples: from T3-67-3. Each preparation consisted: of 40-80 
ndividual tests following the procedure outlined by Miller. er 
al’, and was analysed on an HPLC ion-exchange amino acid 















id) was analysed: the alle/He ratios were determined by: 
ring peak heights ee Vey, 


























~ Only the total amino acid fraction (free plus peptide- | 
between the reaction rate of isoleucine epimerization and tem 
perature: Miller et al."’, , have determined: this relatior 


Figure | shows.the ratios from core T3-67-11 plowéda agi 
depth along with some sedimentological parameters and 
palaeomagnetic-based time scale. The four samples from 
upper 33 cm in core T3-67-11 show a steady down-core increa’ 
in alle/Ile values: from 0,033 to. 0.104. However, the nex 
samples vary between 0.157 and 0.121. The lowest ratio in th 
latter group came from the deépest sample analysed in the core 
(260 cm depth). The most reasonable explanation for the errati 
variations in.alle/Ile ratios in the lower part of core T3-67-1 
is redeposition, The:amount of coarse material and presence. 
shallow-water benthic foraminifera of the genus Elph 
throughout most of the core indicates that ice-rafting from she 
areas has occurred'. Accordingly, it is reasonable to assume th 
some of the planktonic tests may also be reworked. Wh 
analysing samples consisting of 40-80 tests, the resulting all 
ratio represents. a weighted mean of the extent of epimerizat 
in all tests. Analyses that include-older redeposited foraminife 
will always give ratios that are too high. The more consister 
pattern of the ratios above 33 cm might suggest that the rel 
proportion of redeposited foraminifera in this part of the core 
is lower than below 33 cm. Because redeposition is likely to 
have occurred throughout the core, the measured alle/Tle-rati 
should be regarded as maximum values when evaluating th 
age of the sediment. 

Age estimates based on the amino acid data can be mad 
(1) by applying equations based on kinetic studies.and assumin 
a reasonable temperature history for the sample; and (2) b 
comparing the alle/Ile values with ratios obtained on simil: 
species from well-dated cores from other deep ocean basin 

Few data have been published concerning ‘the relatio: 














Table E Alle/ He: ratios in ‘Globoquadrina pachyderma and Cibicides 
-wuellerstorfi (total fraction):from Afctic Ocean cores T3-67-11 





and T3-67-3 
Depth in 
‘Lab. no Core no. core (cm) Alle/He 
AAL 1940 13-67-11 Top 0.033 
AAL .2078 T3-67-11 20 cm 0.085 
AAL 2077 13-67-11 25 cm 0.091 
AAL 1938 T3-67-11 33 cm 0.104 
AAL 1937 13-67-11 35cm p G. pachyderma 0.157 
AAL. 2079 T3-67-11 49 cm 0.130 
AAL 1939 T3-67-11 86 cm 0.152 
AAL 2076 T3-67-11 120 cm 0.145 
AAL 1936 T3-67-11 260 cm 0.121 
BAL 75 T3-67-11 Top 0.019 
BAL 76 T3-67-3 98-101 em} C. wüellers. 0.105 
BAL 74 T3-67-3 321 cm 0.140 





the benthic species Cibicides lobatulus. Assuming that the 
alle/Ile ratio from the 260-cm level (0.121) is closest to the in 
situ ratio below 35 cm in core T3-67-11 and that the temperature 

as always been —0.5 °C (the present temperature), the equation 
for C. lobatulus in ref. 13 gives an age of 188,000 yr BP for the 
Jower part of the core. The temperature in the deeper part of 
the Arctic Ocean cannot have been much lower than this. If we 
assume a temperature of 3°C, then the C. lobatulus equation 
gives an age of 117,800 y BP. Note that these estimates do not 
ake into consideration the species-dependent differences in the 

pimerization rate between C. lobatulus and G. pachyderma and 
tthe measured alle/Ile ratio may well be too high due to 
sworking. Nevertheless, the results of these calculations differ 
ramatically from the >3 Myr age inferred for the same level 
f the core from palaeogmagnetic data. 

Alle/Tle ratios. were determined on G. pachyderma (sin.) from 
ie well-dated North Atlantic core K-708-7 for comparison with 
e data from the Arctic Ocean. Samples from 140 and 755 cm, 

arresponding to ages of 50 and 325 kyr, were analysed. The 
easured alle/Ile ratios in these samples are 0.078 and 0.21 
pectively. Although the present bottom-water temperatures 
wer core K-708-7 in the North Atlantic are 2-3 °C higher than 
ase in the Arctic Ocean, this difference was much less during 
acial episodes!” when bottom water formation in the Nor- 
egian Sea was limited”. Assuming even the highest possible 
perature difference, these data suggest that the 0.121 alle/Tle 
o:from the bottom of core T3-67-11 was established less than 
00 kyr ago. King and Neville” have reported down-core 
creases in alle/Ile-ratios in the planktonic species 
lobigerinoides sacculifer and Globoratalia tumida from the 
-dated Pacific core V28-238. The maximum temperature 
ifference between their core site and the Arctic Ocean is 2 °C. 
jotting our 0.121 ratio in G. pachyderma on their figure gives 

age of ~70 kyr on the G. tumida curve and ~120 kyr on the 

sacculifer curve, similar to the ages derived from the North 
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‘a secondary check on the planktonic data we also deter- 

ed the alle/Ile ratios in the benthic foraminifer Cibicides 

ellerstorfi, a deep-water species less likely to have been 

orked by shelf glaciation. The core-top sample from T3-67-11 

BL-75, Table 1) gave essentially a modern ratio, confirming 

t no’ significant reworking is occurring at present. Samples 

‘om core T3-67-3 were analysed from the 98 to 101 cm level 

le/Tle = 0.105) and the 321 cm level (alle/Tle = 0.140). Using 

e Miller and others’? equation and assuming a temperature 

~0.5°C, these ratios give ages of 160 and 220 kyr, respectively. 

ie Bruhines~Matuyama boundary (700 kyr) is placed at 240 cm 
thin this core’. 

We conclude from the amino-acid data that the deepest por- 

s of core T3-67-11 {260 cm) were probably deposited more 

recently than 200 kyr ago and that much of the fauna in the 

lower part of the core is reworked. The amino-acid derived ages 

re‘Gramatically younger than the palacomagnetic interpretation 








B Myr for the same core level), and require a re-evaluation of. 
the sources of error in the magnetic signal, l ; 
Previous studies of Arctic Ocean sediment cores have: ‘ised 
the down-core variations in magnetic signature to establish. a. 
palaeomagnetic time frame. Because the magnetic signatures. 
alone do not contain a primary age signal, it is necessary to 
correlate the observed magnetic patterns to the established late 
Cenozoic reversal time scale. Reliable magnetostratigraphical 
correlation requires unambiguous identification of reversal 
boundaries and consistent orientation within inferred polarity 
intervals. Although declinations in high-latitude cores are likely 
to be obscure, inclination data should be adequate for defining 
reversal boundaries. Clark et al? note that the change from 
normal to reversed inclinations occurs gradationally overa 
15-40-cm interval. Late Cenozoic geomagnetic reversals: are 
thought to occur in <10 kyr (ref. 20). Based on the proposed 
sedimentation rates, this should occur over <3 cm of core. The 
broader transition period reported by Clark et al? conflicts with 
the expected transition interval and may reflect a more rapid 
sedimentation rate. The published data on the magnetic sig- 
nature measured within polarity intervals for the Arctic Ocean 
cores show considerable scatter and this noise is unexplained. 
It may be due to the influence of large individual pebbles 
scattered throughout the cores or to postdepositional processes 
which may both alter and obscure recorded directions of the 
geomagnetic field?'. There are many difficulties in obtaining 
reliable palaecomagnetic orientations in stony glacial-marine 
sediment. Most of the published Arctic Ocean palaeomagnetic 
results are inadequately documented; no data are presented for 
directional distributions or the behaviour of sample signal dur- 
ing demagnetization procedures. Detailed demagnetization 
treatment of some Barents Sea cores (R.L., in preparation) shows ` 
that even a treatment to 60 mT is sometimes not capable of 
removing magnetic overprints. We conclude that the published 
palaeomagnetic information from Arctic Ocean cores is not 
sufficiently consistent to exclude alternative interpretations of 

the core ages and sedimentation rates. ; 

The bottom watermasses in the Arctic Ocean and the Nor- 
wegian—Greenland Sea are not separated by any shallow sills. 
They have similar physical characteristics and are mainly formed 
in the area between Jan Mayen and Spitsbergen by cooling and 
sinking of high-salinity Atlantic surface water. Benthic organ- 
isms in the deeper parts of these oceans should react. in.a similar 
manner to a change in the mode and mechanism of deep-water 
formation. 

The lower portions of many of the cores from the Arctic 
Ocean have a poor benthic foraminifera fauna, some of them 
dominated by the genus Elphidium'*°. Often typical benthic 
deep-water species are found only in the upper parts of the 
cores. The Elphidium species (mostly Elphidium excavatum) are” 
supposed to have been derived from shelf areas by ice-rafting'. 

A similar stratigraphy has been recorded in cores raised from 
the deeper part of the Norwegian and Greenland Seas”*””*. Here 
a zone almost barren of benthic foraminifera and dominated by 
Elphidium is found in sediments deposited during oxygen- 
isotope stages 4-2. The migration of deep-water species into the 
Norwegian Sea close to 13 kyr ago is explained by a new influx. 
of better oxygenated deepwater into the Norwegian Sea after a 
long period of isolation from the North Atlantic’*. Because of 
the open connection between the Norway Basin and.the Arctic” 
Ocean, these events should also leave their imprints in the » 
benthic record from the Arctic Ocean. We suggest that the 
benthic record published for core T3-67-11' might be easier to 
explain by shortening the time scale dramatically. The transition 
recorded at 180-150 cm depth in the core might have taken place 
around 13 kyr ago and the lower part of the core is perhaps not 
older than oxygen-isotope stage 4 (~ 72 kyr ago). 

If we assume that the palaeomagnetic time frame is correct, 
then Elphidium excavatum must have been the dominant species. 
on the shallow shelves bordering the Arctic Ocean in the late 
Pliocene or earlier. Little information exists concerning the. . 


< benthic foraminifera on the shelf areas bordering the Afetic. 

















sewhere, it is not as dominant as in late Quaternary faunas. 
Such species as Elphidiella hannai, Cibicides grossa, Cassidulina 
-“teretis, Elphidium oregonense and Polymorphiniid—texulariid 
~ containing assemblages’*-*’ are common elements in shallow- 
‘water assemblages of the late Pliocene and early Quaternary, 
these are not recorded in short cores from the deeper parts of 
“the Arctic Ocean. This might possibly be explained by environ- 
mental factors, but elsewhere late Quaternary sediments at high 
lattitudes are dominated by Elphidium excavatum f. clavata****, 
We conclude that the biostratigraphy does not provide con- 
clusive evidence about the age of the sediments in the Arctic 
sean cores, and that there are a certain features that indicate 
te Quaternary rather than a Pliocene age for the lower 
_ portions. of the cores. 
C Theextent of isoleucine epimerization measured in planktonic 
v foraminifera from Arctic Ocean core T3-67-11 cannot be recon- 
-i eiled with the proposed palacomagnetic time scale. The alle/Ile 
ratio i in a sample from 260-cm depth in the core suggests an age 
younger than 300 kyr, whereas the palacomagnetic scale pro- 
“posed. an age of 3Myr. We conclude that the published 
a palaeomagnetic data are insufficient to exclude alternative age 
rpretations and that the micropalaeontology is equally, if 
more compatible with a late Quaternary age for the entire 
core. The possibility that Arctic Ocean sedimentation rates are 
„an order of magnitude or more greater than previously 
visioned adds: new interest to cores from this region. A 
“rigorous study of. palacomagnetism, amino acid ratios and 
_ stable-isotope variations in conjunction with biostratigraphical 
-and sedimentological investigations is required.to resolve these 
‘discrepancies. 
co We thank Lamont-Doherty Geologic Observatory (LDGO) 
for making the Arctic Basin cores available; R. Capo (deceased) 
and F. W. McCoy, Core Curators, for supplying core samples. 
z Curatorial services were supported by LDGO grants NSF 
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Y. Herman who supplied the foraminifer from the Arctic 
cores for amino acid analyses to test the palaeomagnetic- 
. hronology of these cores. Dr W. Ruddiman (LDGO) 
a supplied the North Atlantic samples from core K-707-8. Amino 
_. acid analyses were performed at the Amino Acid Geochronology 
Laboratory, University of Colorado, with financial support from 
NSF. grant DPP-782600. H.P.S. prepared and analysed the 
‘samples with support from the Royal Norwegian Council for 
Scientific and Industrial Research (NTNF). Solveig Helland 
and Tove Thorsnes typed the manuscript. 
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The insulin-like growth factors (IGF) I and. II are single- h 
serum proteins of 70 and.67 amino acids, respectively, whi 
synthesized by the liver and possibly other tissues’ . They 
probably uired for normal fetal and postnatal growth 
development” "'. They also stimulate the growth of cultu € 
possibly by controlling the progression through the G, pha 
the cell cycle”. In contrast to IGF-II whose concentra 
not vary during postnatal development, the serum levels of IG 
increase several-fold.to adult levels during puberty’®. The serur 
concentration of IGF-I is a sensitive monitor of growth hormo 
levels and is decreased in. individuals with growth hormone 
deficiency and elevated in those with growth hormone-secretir 
tumours”'"*, As a first step in studying the biosynthesis of the: 
proteins and elucidating their role(s) in normal development 
in tumorigenesis, we have isolated and sequenced cDNAs prepa: 
from adult human liver mRNA which encode the precursors 
IGF-I and -II. We report here the sequence of a cDNA encod 
a 180-amino acid protein which is the precursor to IGF-I. 
IGF-specific clones were isolated from an adult human 
cDNA library’ by hybridization with a P-labeled. et 
degenerate 23-base oligonucleotide. probe 


(5'-GASTGETGLTTECGNAGLT olory” 


whose sequence was derived from a region that is identica 
human IGF-I (amino acids 46-53) and IGF-II (amino acid 
45--52)'*. For eight of ~9,000 colonies hybridized with t 
probe, analysis of the sizes of the PstI fragments indicated thai 
four were different. The nucleotide sequences of the inserts 0: 
these four were determined and the predicted amino. a 
sequence in each reading frame compared with that of IG 
and IGF-II. The inserts in plasmid phigf 1 and phigf 2 encod 
IGF-I and -II, respectively. The proteins encoded by the othe 
plasmids were not IGF-like; one encoded ay-macroglobil 
The identity of the fourth clone is unknown. 

The plasmid phigf 1 contained an insert of ~660 bas 
(bp) which extended from the second nucleotide of the cod 
for amino acid —15 of the signal peptide of the IGF-I precurs 
to the poly (A) tract. The sequence was identical to that reporte: 
by Jansen et al.'° for another cDNA, which included the entir 
signal peptide and 80 bases of 5’-untransulated region, excep! 
that it lacked the two guanosine residues present in the poly 
tract of their sequence. 5 

The sequence of human preproIGF-II mRNA was deduce 
from the sequence of the insert in plasmid phigf 2 (Fig. 1) 
Translation of the mRNA from the first Met codon predicts the 
sequence of a 180-amino acid protein in which the 67-amin 
acid sequence of IGF-II begins 25 residues from the start. (Fi 
1). Including the opal termination codon, the coding. region 
543 bases long. The 5’-untranslated region comprises at leas 
250-bases and the 3’-untranslated region over 253 bases. 

























\GGGGCCGAAGAN UGUGUGOGACGAGGUGGAUUCCAGCE! 


CCC 


~ CCCAGCAGGCCAGAG, eCAGUCCUGAGGUGACCUGCUGUGGCCUGUGECCASGCGACCCCAGCGCUCCCAGAACUGAGSCUGCCAGCCAGCCCCAGCCUCAGECCCAACUGCGAGGC 238 


“AGAGAGACACCA 












10 





40 


“Met Gly Ile Pro Met Gly Lys Ser Met Leu Val Leu 
AUG GOA AUC CCA AUG GOG AAG UGG AUG CUG GUG CUU 


Arg Pro Ser Glu Thr Leu Cys Gly Gly Glu Leu Val Asp Thr Leu Gin 
CGC CCC AGU GAG ACC CUG UGC GGC OGG GAG CUG GUG GAC ACC CUC CAG UUC GUC UGU GGG GAC COC GGC UUC UAC UUC AGC AGG CCC GCA 


Ser Arg Val Ser Arg Arg Ser Arg Gly Ile Val Glu Glu Cys Cys Phe 
AGC CGU GUG AGC COGU CGC AGC COU GGC AUC GUU GAG GAG UGC UGU VUC 


>10 5 qet 1 
Leu Thr Phe Leu Ala Phe Ala Ser Cys Cys Ile AlalAla ‘Tyr 











CUC ACC UUC YUG GCC UUC GCC UCG UGC UGC 
20 30 
Phe Val Cys Gly Asp Arg Gly Phe Tyr Phe Ser Arg Pro Ala 
418 
50 60 
Arg Ser Cys Asp Leu Ala Leu Leu Glu Tar Tyr Cys Ala Thr 
CGC AGC UGU GAC CUG GCC CUC CUG GAG ACG UAC UGU GCU ACC 508 









70 










Pro Ala Lys Ser 


CCC GCC. AAG 
100 


Asp Thr Trp Lys Gln Ser Thr Gln Arg Leu Arg Arg Gly Leu Pro Ala 
GAC ACC UGG AAG CAG UCC ACC CAG CGC CUG COC AGG GGC CUG CCU GCC 


130 


Glu Ala Phe Arg Glu Ala Lys Arg His Arg Pro Leu Ile Ala Leu Pro 
GAG GCG UUC AGG GAG GCC AAA CGU CAC CGU CCC CUG AUU GCU CUA CCC 


156 
Ser Asn Arg Lys OP 


Val Ser Thr Pro Pro Thr Val Leu Pro 
UCC GAG] AGG GAC GUG UCG ACC CCU CCG ACC GUG CUU CCG GAC AAC UUC CCC AGA UAC CCC GUG GGC AAG UUC UUC CAA UAU 598 





80 90 
Asp Asn Phe Pro Arg Tyr Pro Val Gly Lys Phe Phe Gin Tyr 


110 120 
Leu Leu Arg Ala Arg Arg Gly His Val Leu Ala Lys Glu Leu 
CUC CUG COU GCC CGC CGG GOGU CAC GUG CUC GCC AAG GAG CUC 688 


140 150 
Thr Gin Asp Pro Ala His Gly Gly Ala Pro Pro Glu Met Ala 
ACC CAA GAC CCC GCC CAC GGG GGC GCC CCC CCA GAG AUG GCC 778 





AGC AAU COG AAG UGA GCAAAACUGCCGCAAGUCUCCAGCCCOGCGCE ACC AUCCUGCAGCCUCCUCCUGACE ACGGACGUUUCC ALICAGGUUCCAUCCCGARAAUCUCUCGGUUCCA 895 


CGUCCCCCUGGGGCUUCUCCUGACCCAGUCCCCGUGCCCCOCCUCCOCGAAAC AGGCU ACUCUCCUCGGCCCCCUCC AUCGGGCUGAGGAAGCACAGCAGCAUCUUCAAACAUGUACAAA 1,015 


AUCGAUUGGCUUUAAAC ACCUUCACAUACCU 


1,046 


“Fig.1 Sequence of human preprolGF-I] mRNA and protein. The predicted amino acid sequence of preprolGF-I is numbered by designating 
‘the first amino acid of IGF-II as 1. The region corresponding to IGF-II is boxed and pairs of basic amino acids are underlined. The B-domain 
of IGF-II comprises residues 1-32, the C-domain comprises residues 33—40, the A-domain residues 41-61, the D-domain residues 62-67, and 
the. carboxy-terminal E-domain residues 68~156. The number of the nucleotide at the end of each line is indicated. 

Methods: 9,000 transformants from the adult human liver cDNA library of Woods et ai.'* were grown in 96-well microtitre dishes. Colonies... 








ae) 


were transferred to Whatman 541 paper, grown, amplified with chloramphenicol and lysed as described elsewhere”. Colonies containing IGF 
equénces were identified by hybridization with a 256-fold degenerate 23-base oligonucleotide which had been labelled with Ly? PIA P an 
T4 polynucleotide kinase™”. Oligonucleotides were made on an Applied Biosystems DNA Synthesizer (Model 380A) and: puri 
“electrophoresis in an 8 M urea, 20% polyacrylamide gel. The filters were hybridized in 5 xSSC (SSC =0.15M NaCl, 0.015 M sodium ci 
50 mM sodium phospate pH 7.0, 0.2% SDS, 2x Denhardt’s™*, 200 pg ml”! sonicated and denatured salmon sperm DNA and 10° cpm. mi 
321P labelled oligonucleotide pool at 30°C. After 16h they were washed in 5x SSC, 0.1% SDS at 42°C for i h. Hybridizing colinies were 


identified by autoradiography. The inserts in the plasmids phigf 1, 2, 4 and 5 were sequenced. The sequence of the inset in phigf 2 presented 





here was determined on both strands and across all restriction sites used to initiate sequence determinations, by the procedures of Maxam 


and Gilbert” and Sanger et al.**. 


act. No other clones encoding preprolGF-II mRNA were 
vealed when the insert in phigf 2 was used as a probe to 
screen the original 9,000 colonies and 6,000 more. Attempts 
determine the size of human preproIGF-II] mRNA by 

hybridization to a Northern blot'’ of human adult liver poly(A) * 

NA have been inconclusive, presumably because of its low 
undance (<1/10,000 mRNA molecules). 

As IGF-II is.a secreted protein, we believe that the 24-residue 
inoterminal extension is the signal peptide. Analysis of the 
rophilicity of preproIGF-I1 as described by Hopp and 
ods'® indicates that the putative signal peptide has a hydro- 
obic core of 14 residues (amino acids —15 to —2) and a profile 

arto that of other signal peptides. Interestingly, about 25% 

' the purified human IGF-II molecules lack Ala 1 (ref. 2), 
igeesting that cleavage of the Ala —1—Ala | peptide bond by 

eptidase is preferred but that the Ala |—Tyr 2 bond is also 
ed. As ~50% of the rat IGF-II molecules also lack Ala 1 
9), this feature is not restricted to the human protein. A 
ilar: hydropathic analysis of the preproIGF-I sequence 
orted by Jansen et al.'® suggests that the 25-amino acid 
gment adjacent to the amino-terminus of IGF-I is also a signal 
eptide and that translation is not initiated at the in-frame Met 
odon 69 bases upstream. Thus, human preproIGF-I probably 
mprises 130 amino acids. 
tudies of the biosynthesis of rat IGF-II in a rat liver cell line 
ave revealed several molecules which may be precursors to rat 
| sal including rat preproIGF-II whose size, molecular 
eight (M,) = 21,600, is similar to that reported here for the 
man precursor, M,= 20,143. 
Human prolGF-II has an 89-amino acid carboxyterminal 
ension, the E-domain, and proteolytic processing at Arg 68 
ired to produce mature IGF-II. Proteolytic processing at 
wie basic residues has been reported to occur in the generation 

















of other proteins including IGF-I'°, epidermal growth factor? 
and growth hormone-releasing factor’, However, processing — 
occurs more often at pairs of basic amino acids”, of which there 
are five in proIGF-H (Figs 1, 2) including one site within IGF-II 
that is not cleaved. It is unknown whether proteolysis occurs at 
the pairs of basic residues or at single basic amino acids within 
the E-domain, thus generating carboxy-terminal ‘heterogeneity. 
Processing at such sites could explain the various size classes: 
of IGF-IJ-like molecules secreted by cultured rat liver cells! 
The function of the carboxy-terminal E-domain of proIGF-I 
or -Il is unknown. Although the organization and sequences of 
the IGF moieties are similar, possessing 62% sequence identity’, © 
the carboxyterminal segments are of different lengths (Fig. 2) 
and show no amino acid sequence similarity. Steiner’ has 
proposed that secretory protein precursors must maintain a 
minimum overall peptide chain length in order to be efficiently.’ 
transferred into the endoplasmic reticulum during biosynthesis 
and it is possible that the carboxy-terminal segment of th IGF 
precursor is required for this process. The carboxy-terminal 
peptide could also confer unique physiological. properties on 
the precursor or function as a separate entity. However, if the. 
E-domain or proIGF-I and -II has a physiological function, the’. 
absence of sequence similarity suggests that it will probably be 
unique to each protein. oe 
The IGFs insulin and relaxin are members of the insulin. 
superfamily”®?; their different structures are shown schemati- 
cally in Fig. 2. The B-subunit of nerve growth factor and:even. 
the serine proteases may be more distantly related members of 
this family?°°°. These proteins possess significant. similarity. 
within the regions corresponding to the A and B.chains: of 
insulin **°"", The sequences and sizes of the C-peptide region 
or domain are very. different. In addition, the C-peptide of. 
proinsulin and-prorelaxin is excised during processing of, the 
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Processing 
sites 


n Fie 2- Schematic representations of the structures of the precur- 
„sors to’human insulin, IGF-I, IGF-II and relaxin. The regions of 
each precursor are indicated and their sizes are given in paren- 
‘theses. The stippled segments correspond to the homologous B- 
A-chain regions or domains. Proteolytic processing sites and 
its of basic amino acids. are indicated by solid and open boxes, 
ectively. The sequences of these sites are indicated by the 
etter code (K, lysine; L, leucine; P, proline; R, arginine; S, 
ine}. The peptide bonds cleaved on processing of prorelaxin 
“| are indicated by arrowheads. The structure of preproinsulin is from 

E Bell et al’®; preprolGF-I, from ref. 16 and this report; preprolGF- 
Il, this report; and preprorelaxin, ref. 31. 















eclitsor but the C-domain is not removed from IGF-I or -Il 
e IGFs have acquired two additional domains, D and E, 
uring their evolution. 
The characterization of cDNAs encoding preprolGF-I and 
facilitate an analysis of the role(s) of these proteins in 
growth and development and in oncogenesis, The 
INAs can be used as probes to identify tissues and cells which 
ynthesize preprolGF-I and -H mRNA and to measure changes 
inmRNA levels during development. The synthesis of prolGF-I 
and -H in heterologous cells will provide material to determine 
whether these molecules have physiological roles other than 
their being precursors of IGF-I or -I 
We thank Drs S. Humphries and D. Woods for providing the 
adult. human liver cDNA library, N. Fong for technical assist- 
«cance, Dr P. J. Barr for preparing some of the oligonucleotide 
“probes; and Dr L. S. Cousens for his help in the early part of 
o this study. 
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The insulin gene family’ , comprised of insulin, relaxin, i insuli 
like growth factors I and IH (IGF-I and IGF-I) and possibly 
B-subunit of 7S nerve growth factor’, represents a grou 
structurally related polypeptides whose. biological functions ha 
diverged. The IGFs, or somatomedins, constitute a-class 
peptides that have a key role in pre-adolescent mammalian g 
(see ref. 4 for review). IGF-I expression is regulated by gr 
hormone™® and mediates postnatal growth, while IGF-I] ap 
to be induced by placental lactogen during prenatal developm 
The primary structures of both human IGFs have been de 4 
and are closely. related’. A polypeptide highly homologo 
human IGF-H is secreted by the rat liver cell line, 
As this polypeptide, termed multiplication stimulating 
(MSA), differs from human IGF-II by only five amino acid 
residues, MSA probably represents the rat IGF-I protein’', Usi 
molecular cloning techniques, we have isolated cDNA and chi 
somal genes coding for the MSA and human IGF-II precui 
respectively. Our data, presented here, indicate that both M 
and human IGF-II are synthesized initially as larger precurs: 
molecules. The deduced preprohormones both have. molecu! 
weights (MWs) of 20,100 and contain C-terminal propept 
89 amino acid residues, which we have named E-peptides 
organization of the IGF-II precursor gene is discussed in rel 
to that of other insulin gene family members. 
To isolate cDNA clones coding for the IGF-II precur: 
used an approach similar to that of Gray et al.’ for t 
of mouse EGF precursor cDNA. As a first step, buffalo tat 
cells (BRL-3A) were used as the mRNA source for the elc 
of MSA cDNA. We assumed that the nucleotide sequenc 
MSA and IGF-II mRNA would be sufficiently cons: tved 
allow the use of an MSA cDNA hybridization probe 
subsequent isolation of IGF-II DNA sequences. As des Ti 
in Fig. 1, we first cloned and characterized a specifically. prim 
MSA cDNA fragment (pMSAI07), which was subsequ 
used as a probe for the isolation of additional MSA cDN, 
clones from oligo(dT) and specifically primed BRL cDNA 
libraries". The 1,735-base pair (bp) nucleotide sequence:déri 
from clones pMSA-107, pMSA-19G3, pMSA-52H9 and p 
dT9 is shown in Fig. 2a. 
Translation of the sequence into amino acid sequence 
mation reveals an open reading frame of 392 residues { 
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ig. 1 Cloning of the MSA-specific Alul fragment. The arrow 
indicates the 107-bp specifically primed Alul fragment. 

ethods: The synthetic primer pool’ {3 
ASCAGQCACTC ETC-5’) (480 pmol) complementary to sequences 
between amino acids 44 and 48 of buffalo rat liver cell MSA was 
diolabelled. using T4 polynucleotide kinase and [y-7?P]-ATP 
>5,000Cimmol™') to a specific activity of ~0.5* 
] p mópmol t and subsequently used as a primer for the syn- 
sis of otherwise. unlabelled single-stranded cDNA. The P- 
labelled primers were ethanol-precipitated with 20 wg poly(A)? 
RNA which had. been isolated from a line of normal buffalo rat 
iver.cells; BRL-3A, clone BRL-T (a gift from G. Todaro), by the 
guanidine thiocyanate-CsCi procedure”, followed by oligo(dT)- 
‘cellulose chromatography. The pellet was dissolved in 30 yl of 
00 mM KCT and the mixture annealed by incubating for 5 min at 
90,°68, 42 and 37°C, followed by the addition of all four deoxy- 
ligonucleotides (500 a.M} and reverse transcriptase for first strand 
NA synthesis. The second strand was synthesized under stan- 
ard Conditions’. After treatment with pancreatic ribonuclease A, 
henol—chloroform. extraction and ethanol precipitation, the 
NA was fractionated on a 6% polyacrylamide gel. The gel was 
cut into 0.5-cm slices and the cDNA eluted by crushing and soaking 
“the gel slice in 500mM ammonium acetate, 10 mM Mg acetate, 
mM EDTA, 0.1% SDS at 37 °C overnight. The eluate was ethanol- 
recipitated and one-sixth of each fraction digested in parallel 
‘ith restriction endonucleases Haelll or Alul. Computer-assisted 
alysis of the MSA amino acid sequence allowed us to calculate 
sizes of all. possible MSA cDNA fragments which could be 
erated by our labelled primer after cleavage with the two 
striction enzymes (30, 40 and 107 bp for Alul and 40, 45, 53, 134 
id 142 bp for Hael). The digestion products were analysed on 
n 8% polyacrylamide gel, 1.2mm thick and 40cm long. *?P- 
led pBR322 Hael fragments were used as size markers. The 
I digest. generated a fragment of the expected size (107 bp) and 
ie same cDNA fractions (200-405 bp) yielded a 53-bp Haelll 
ment (not shown).also of the expected size. This result strongly 
iggested that these fragments were derived from MSA cDNA. 
e concentrated on the cloning of the 107-bp Alul fragment 
¢ se of its larger size. The remainder of the cDNA fractions 
i the size. range 200-405 bp were pooled, cut with Alul and 
tionated as above. The gel was exposed to X-ray film for 3 
without drying at -70 °C with an intensifying screen (Cronex 
ightning Plus). The !07-bp fragment was clertrophoreucally 
extracted (0.5 ng) and cloned into the PstI site of pBR322 by a 
standard G/C tailing. procedure. 212 clones were obtained and 
i quently Séreened using the *’P-labelled primer pool (see 
ve) as hybridization probe. Of the two resulting positives, one 
puniesety sequenced by the Maxam-Gilbert method’. Clone 


AGA GCTGCTT- 3°, and ending at the Send with nucleo- 
Cand T, which comprise the 3’ half of the Alul recognition 
; sequence. 





open reading frame are probably part of the 3'-untranslated 
region of MSA mRNA. The high G +C content of this part of 
the sequence is the probable reason for. the lack of in-frame 
termination codons, which usually occur just upstréam from an- 
initiator methionine codon. Three potential initiation. codons 
are found at positions ~16, —24 and —35 upstream- from the ` 
amino-terminal residue of mature MSA (Ala, position 1; Fig. 
2a). Downstream from the carboxy-terminal glutamic acid 
residue'' (position 67), the open reading frame extends for ` 
another 89 codons. This C-terminal extension is presumably a 
propeptide, which we have designated E-peptide. The calculated 
molecular weights of the three possible preproMSA sequences | 
are 21,100 (Met —35), 20,100 (Met ~24) and 19,300 (Met —16),.. 
In vitro translation experiments reported previously had sug- 
gested a 21,600-MW MSA precursor'’, which would make Met 
-35 a strong candidate for the initiator position. Met —24, 
however, is followed by a stretch of amino acids bearing features 
common to signal peptides, necessary for the translocation of 
secreted polypeptides into the lumen of the endoplasmic 
reticulum. Signal sequences range in size from 15 to 30 amino 
acids and usually contain a central hydrophobic stretch of amino 
acids flanked by polar and charged residues. Examination of 
the amino acid sequence preceding the amino-terminus of MSA 
with regard to these structural criteria suggests Met —24 as the 
initiator methionine. The fact that this is precisely the length of 
the homologous preproinsulin signal peptide'*’°? supports this 
tentative assignment. The calculated MW of preproMSA begin- 
ning at Met ~24 is also in reasonably good agreement with the 
value determined by in vitro translation analysis. Should. Met. 
~35 be the true amino-terminus of preproMSA, this protein. < 
would contain the longest signal peptide described to date... °°" 
The 540 nucleotide-long sequence coding for the putative 
180-amino acid preproMSA polypeptide is flanked by 137 
nucleotides of 3’- and 1,059 of presumably 5’-untranslated 
sequences. Neither untranslated region appears to be complete. 
Due to difficulties which we believe were caused by the extremely 












high G +C content in the 5’ region (> 70%) and possibly a... 


similar structural barrier in the 3’ sequence of MSA mRNA, we © 
did not succeed in cloning the entire mRNA complement. 

To obtain detailed information regarding the organization of 
the human IGF-II chromosomal gene, MSA cDNA probes: were 
used to screen a fetal liver A DNA library'®'’, We obtained two 
recombinant A clones that contained overlapping fragments of 
human DNA, together representing about 25 kilobases (kb) of 
chromosomal DNA (AIGF-H/E and AIGF-II/3; Fig. 2b). 
Characterization of these clones by physical mapping, Southern 
blot hybridization'® and DNA sequence analysis’? allowed us 
to establish the intron/exon topography and nucleotide 
sequence of the entire coding portion of the IGF-II gene, and 
large parts of its transcribed, but presumably untranslated, 
sequences (Fig. 2b). IGF-II gene sequences matching our MSA 
cDNA sequence are interrupted by three introns. ‘We have 
recently isolated and characterized a human IGF-I cDNA clone 
(data not shown) from a fetal liver cDNA library which enabled. 
the designation of 3’ sequences further downstream as untr nsa 
lated sequences, Joining of the four exon sequences at splice 
donor and acceptor sites yields a 2,066-bp nucleotide sequence, 
The open reading frame containing the known 67-residue amino 
acid sequence of IGF-II’ is 272 codons long. As inthe MSA 
sequence, few Met codons are found in this open reading Matte Me 
because of its low A+T content. 

Upstream from residue —1 (alanine) of IGF-I], ATG badane 
are found at positions —16, —20 and —24; two of these (—16 
and —24) are conserved between MSA and IGF-I} sequences. < 
Comparison of MSA and IGF-II putative pre-sequences further 
supports the assignment of Met ~24 as the initiator methionine, 
for the same reasons described earlier (Fig. 3). Only four amino 
acids in their putative signal sequences (16% ) are not conserved 
between rat and human IGF-I. Despite these differences. the 
overall characteristics common to signal peptides are 
unchanged”. These amino acid changes were all caused -ky 
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Fig.2° Nucleotide and deduced 
“amino acid sequences of cloned 
`“ MSA and IGF-II DNA, a, Schematic 
lustration of MSA cDNA and over- 
‘lapping’ cloned DNA fragments. 
iñes extending from the boxed 
ions designate putative untrans- 
ted sequences, from. 5’ (left) to 3’ 
(right),Putative coding regions are 
boxed, starting with an ATG (codon 
4), followed by, a hatched box 
ide), a shaded box (mature 
and an open box (C-terminal 
:ptide). The positions of overlap- 
DNA clones are indicated. 
quares at the 3’ ends indicate 
se clones were derived from 
ific priming. experiments. using 
élotide pool. A (see Fig. 1) 
single 16-mer (b):. 


GACAAGCCTGGCGCCG-S'. 


one pMSA-dT9 was isolated from 
an oligo(dT)-primed cDNA library 
‘eventhough it lacks a poly(A) tail. 
_ Putative coding sequences are trans- 
“dated in single- (+35 to’ -25) and 
_-triple-letter code, Ala +} being the 
N-terminus of mature MSA. The 
locations. of protein. domains are 
indicated by arrows. Brackets 
delineate the mature ‘polypeptide. 
The IGF-I chromosomal gene. 
ematic physical map of human 
‘DNA cloned in A Charon 4A (AIGF- 
W/E and AIGF-II/3): R= EcoRI, 
H= Hindili, B= BamHI: A arms 
-are shown as zigzag lines. Solid boxes 
nate sequenced IGF-I] gene 














































tide sequence below, Putative 
sequences are translated and 
ino acid residues. are numbered 








Intron positions are indicated 
aps and lower-case letters. Poly- 
peptide domains are designated as 
: in a. 





ight of 20,140. 





-base mutations, which is reflected in the high nucleotide position 33 of MSA instead of the reported glycine. This reduces 
ce conservation of 92%. The putative IGF-II precursor the number of differences between MSA and IGF-II to only 
at Met —24 is 180 amino acids long and has a molecular four (~6% ). At the carboxy-terminus of IGF-II, the open read- 


DNA-derived amino acid sequence homology between propeptide (E-peptide; see Figs 2b, 3) of the same.length as 
and IGF-II is even higher than that reported by Marquardt — propeptide in proMSA (89 amino acids). The two. E-peptid 
4) A’ serine, encoded by an AGC triplet, is present at a display only 19 differences (21% : Fig. 3).. The IGF-I precu 
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Ble o ec TEGCCCACaCCCEECCECEC TesacececcascaccrecareveseerescRe 
COCEGCGTCGACGCCG TECOCCAGC TCGCTECTAAC TCCCGTGCAGGGCGCCGTCGGCGGEECCTCACTCCGTCGSGCCTECEGATCTCCCCACCGCC TCC TCE TETATETACETS AAC 
CCCCATTCCTGCTT CGGCAGAGGAGGCEGTCCCCACCECAGGCAGTCCGGCTTGCAGGTCGCE GECGTTGTCATCCECCOCECTCCRCCTCCCAGCCE TCL cesacececascccegcag ; 
ETCC TCTCTTTICGCTECAGTCCCGAGCAGCEGCOGCGCCECCACGOL TGACCCCCCCACAAGAAGCCGGGGCTTACGACGGC TGAGGGCTECETCEGCC! CTARCCOAGCTEGGTA 
Tesceasargacse CTCCATTCCTCCEECETCAACACCGTCL TEGATCCTTCGAAGTTGCATCCTITCCICTGCTTAGAGTGCGCE cceecreecécactcecrracceaccacctt ri 
CTAGGCTCECCTCLIGECCCCTC! eccatrecrecresccteasac cccTcecctrcacctccéccorctaccrrcBccTACCCAAGTGGATTAATTATACECYTYCratrteTctceer 
ecrarceye TECCGCTETGAGCCTACCCECCTETEECTETCCTCTCTOCCTCTCTECCTCTCTETSGTCCECCCCCTTTCACGTTCACTCTGTCTCTCTCACTATCTCTGCCCCCCARCT 























ATCCTIGATACAACAGCTGACCTCATTICCCGATACC TTTCECCCCCCCGARAATACAGTA reresccoscc COAGEEE TAAGATACCCTAAAGAAGCAGAAGAGACGCECCCCTCCCCA Coe 
TCAAAAKAAGCCATCTCCCCGTICTGTOCCGTCGCACAT TCGGCC TC TECGACTTGGACAGAGCBECGL TGGCAGAGGAGTGCCESGCAGAAGGGCCTICECCCGCTGTT COOTTTG i 


3S -30 et -10 i ny ee 
M G SV A GF Q y P MetGl yl laProValGlyL ysSermetLeuVa lL eul ed! leSerteuAlaPheAl at euCystys TIBA a 
MIESEARCASESAGRTSESCOSCASCETCSCOSECTTCLAGGTACCAATGOGGATECCAGTRGGEAAGTOSATSTTGSTGCTTCTCATCTCTTTGECCTTCGCCTTSTECTACATCECT 
be pre-pepti Sore 
=i ; 10 20 30 nis 
Eire uThrLeuGysGlyG1y6 hut euVa lAspThrLeuG nPhevale: ysSerAspArag yPhet yrPheSérar gProSerSerArga }aAsnArgar: 


R q rgArgse 
CTTACCRCCRCAGCGAGACTC TGTBCGGAGGEGAGC TTGTTGACACGCTICAGTTTGTCTETICGGACCECGEL TTC TACTTCABCAGECCT TCAAGCCOTGCCAACCKT Cee AGE 
Be chain : t C~ peptide. 
“80 60 ‘ 


70 i 5 
GlyllevalGtuGluCysC ysPheArgierCysAspl cud Yat euleuG luThrTyrCysé l aThrProAl at ysSerG? rgAspva Ser ThrSerG Isa 1 ava lLeuProa spa 
GGCATCOTEGAAGAGTGLTGCT TCCGLAGCTGCGACTTGGCCC TCC TSGAGACATACTG TOC CACEOCEREGAAG CTA CETOTCTACCTCTCAGECCRTACTICCGGAL 
be A- chain rD- peptide peptide va an A iSi 
90 100 110 : “2g 
PheProArgtyrfroValGlyt ysPhePhel ysPheAsp Thr TrpargdinSerd lag] yar gleuargargG] yi euProA lal euLeuArad laArgArdGl yArgMett euAtal: 
TICCCCAGATACC ECG TGGGCAAGTICTTCAAATTCGACACCTGGAGACAGTCCOCGGGACGCCTELGCAGAGGCCTACE TGCCCTCCTECGTECCCECCOGEGTCGCATECT ICCC) 

































130 140 150 156 
GluyLeuG tua laPheArgGiuAlaLysårghisärgřrolenl leValLeuProProl ysAspProatatisG ]yG1 yA laSerSerg luMet SerSerAsnhisGint nd 
GAGCTCGAAGUGT TCAGAGAGGCCAAGCGLCACCGTCCCE TGATCOTGTTACCACCEAAAGACLOCGCE CACGGGGGAGCCTCTTCGGAGATGTCCAGCAACCATCAGTGAACCAAATTA 5 
TGTGGTAATICTGCAATGTAGTACCATCAG IC TRTGACE TCC TCTTGAGCAGGGACAGCTCCATCATETC CCACACTAAGGTEICTCTGCTECACTTCCCTICC TAGGTAAGCARTCTAC 2 


CACT ~~ - ~~ r 









ah R RoR D> BARo 
rp a hi nIGF-E/E 


BH 8 8 BHH 8 H 













H aIGF-1/3 


$ tC CTGBCCCACGCE TECCCGCEC TCTECCTACCAGCGCE TCA TCOGGCARGGCEGCCCCGCE TCGACGCCGCCEGCTECCTCGCTGCTGACTCOCE TCCCOSECGLCETCERCORG 







GTCECECTCCGLCGGECCTSLGGATTCCCLECLOCE TEETCTECATCTACCTCAACTCCEC ECATECECECTTCOCCCGAGGABECRGTTCCCCCCGCAGGCAGTCCGGCTCECAGEEC 








COOGEE TTBTEACECCCEECECGCTCCEECTCCASCEL TCCCECOGECSOECAGLCTCEGGCCECTCCCE TT TCCECGETECGTCCCOGAGCESCCCCEGTGCCECCACCECCTETCCC 
CTCCCGAGGECCCGGBCTCGCGACEGCAGAGGGETC: COTCRGCCCARACCGAGCTOGECECCCECGGTECEGETECAGCCTCCACTCCGECCCCOAGTCACCECC TCCCOCGGCEECTCGA 
CGTGBCGCCET TCOLTCCRCTTCTCTGTGCTCOCCECRCCOCTE TT GGCETCTEGCCCOGECCCECERTETITCTCCCGCAACCTTCOCTTCGCTCOCTCECGTCCCCCECAGCTCCTAG i 





COTECGACTCRETCCECCCE TCACGCCEGEECTCTCGCETTCGCOGAACCARAGTOGATTAATTACACEC TTTCTGTTVCTCTOCETECTOTICTCTCCCGCTGTECGCCTGCCCOCETC i 
TCGCTETCCTCTCTECCOETCGCEC TE TCT TCOGLOCCLCCCTTTCACGTICACTCTGTCTCTCCCACTATCTCTOCCCCCCTCTATCLTTGATACAACAGCTGACCTCATTICOCGATA © 









ECTTTTCCRCCECGRAAAGTACAACATE TGGCOCGCECCAGCCCGAAGACAGCCCGTCCTCOCTGRACAATCAGACGAATTCT COCCCCCCCECCARAAAAAAGCCATCCOCCCEC TeTG:? 







CCECGTCGCACATTCGGCCCCCGCGACTEGGCCAGAGCGGEGETGGCAGAGGAGTGTC CGGCAGGAGGGCCAACGCCCGCTGTTCGGTETGCGACACGCAGCAGGGAGGTGGGCGGCÁGE : 












~24 -20 ~10 =) 
m MetGlyl }eProMetG] yt ysSerMetLeuValLeuLeuThrPheLeyA taPhealaSerCysCys Led Ta", 
CEGCCELE AGACACCAATGGGAATCCCAATGGGGARGTCGATGC TGGTGLT TCTCACCTTCTTGGCCTTCGCCTCGTECTSCATTGCT 
bee pre- peptide : 





GTCECCEGCTICCAGgt aagcggcg— 


1 10 
neas luThrLeuCysG1y6 lyGluLeuValAspThrLeuG InPheValCysGlyAspargGlyPheTyrPhese 


SC aC OE CAGTGAGACCC TG TGCGBEGGGGAGE TGGTOGACACCC TCCAGTTCGTCTSTASGEACCGCGGC TICTACTTCAGt aagtagca 
~ chain 






AlaSerArqva sagrargarg 
GCAAGCCGTGTGAGECETCE: GGA 
be C-peptide A-ch D E 


00 
ThrProProthrVa tl euPro 





80 w 90 o 
ASpASNPheProArgIyrProVa IG tyi ysPhePheGI nTyrAspThr Trot ys61 nSerThro inArgley 
ACCECTCCBACCTSCTICCEgt gagggtce~--r—mercctcec agGACAACTICCCCAGATACCCCGTGGGCABGTTCT TCCAATATGACACCTGGAAGCAGTCCACCCAGCGCETS, : 


110 120 130 t 140 9 
ArgArgGl yLeuProAlaLeuLeuArgA l aArgArgGlyHisYalLeuA lal ysG]ul euG 1ua laPheargG1uAl al ysArghisArgProLeul lea laLeuProThrGl naspPro 
CGCABGEGCCTECCTGCCCTCCTSCGTECCEGCCGEGGICACGTGCTCGCCAAGGAGCTE! GAGGCGTTCAGGGAGGCCAAACGTCACEGTCCCCTGATTGCTCTACCCACCCAAGACCEE 


150 156 
AlaHisGlyGlyAlaProProGluMetalaSerAsnargl ysind p s 
GCCCACGGGGGCGCCCCCCCAGAGATGGCCAGCAATCGĞAAGTGAGCAAAACTGCCOCAAGTCTGCAGCCCGGCGCCACCATCCTGCAGCCTCCTCCTGACCACGGACGTTTCCATCAGG 












TYCCATCCCGAAAATCTCTCGGTTCCACETCCCCTGGGGE TTCTCCTGACCCAGTCCECGTGCCCCGCE TCCCCGAAACAGGL TACTCTCCTCGGCCCCCTCCATCGGGCTGAGGAAGEA: 
CAGCAGCATCTTCAAACATGTACAAAATCGATTGGCTT TAAACACCCTTICACATACCCTCCCCCCAAATTATCCCCAATTATCCCCACACATAAAAAATCAAAACATTAAACTRACCCCC 

















TTECCCECEECECACAACAACCCTCTTAAAAC TAATTGGCT TTT TAGAAACACCCCACAAAAGC TCAGAAATTGGCTT TAAAAAAAAC AACCACCAAAAAAAATCAATTGGC~~3' : 2067. 


‘ing frame extends for another 267 nucleotides, coding fo: 







































peptide 


140 150 


“AGF I LIALPTQBDPAHGGAPPEMASNRK 


MSA LINLPPKDPAHGGASSEMSSNHQ 


o has a C-terminal propeptide?', which is 35 amino acids 
g and shows minimal homology with the E-peptide domains 
IGF-I and: MSA. This homology is restricted to sequences 
nking the cleavage site from the mature growth factor (R-S-V 
opposed to. R-D-V in MSA and IGF-II; see Fig. 3). The 
boxyl-terminal sequence extensions of MSA IGF-I! and 
IGF-I may possess biological activity as has been shown for 
yro-Calcitonin”? . This possibility is supported by the high degree 
f sequence conservation (79%) in this domain between MSA 
IGF-II. Remarkably, even the long 5‘-untrarislated nucleo- 
de Sequences of MSA cDNA and the IGF-II gene are highly 
ynserved {~80% ) when sequences are aligned to compensate 
or insertions or deletions. This may also indicate some func- 
onal importance of this region of rat and human IGF-II 
iRNAs. 

“When comparing the IGF-II prepeptide sequence with those 
gf other insulin gene family members (Fig. 3) one finds that 
residue —12 (Leu) and alanine (~1) at the signal peptidase 
eavage site are conserved in all members. IGF-IT (Met —24) 
* prepeptides are of identical length (24 amino 
cids) and aes of IGF-I?! and relaxin” are each 25 residues 
mg: Thirteen residues (54% ) of the proinsulin prepeptide are 
onserved in at least one of the other members, residues ~4, ~5 
nd ~6 being the most variable ones (Fig. 3). 

“Interestingly, three of the four chromosomal genes of this 
ne family that have been at least partially characterized 
in, relaxin”, IGF-I4 and IGF-II) contain intervening 
ences which interrupt 5’-untranslated sequences shortly 
re the initiation codon, further substantiating a common 
lutionary origin (see Fig. 4). The intron interrupting the 
terminal propeptide of IGF-II (at position 78), however, is 
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: 7L. 80 90 100 
IGF-I fa]s[e a QauTOMPKTQKEVHLRINASRGSAGNHKNY[R)M 


8 110 120 130 
IGF-I E a A EE ARMM UNT EDEKR REAR ENED 
MSA RofstsgaviPoDFPRYPVGK]FFKFOTWROSAG 


LRRGLPALLRARRGRMLAKELEAFREAKREURP 


Fig:3 Comparison of the prepeptide and E-peptide domains of insulin gene family precursor proteins. The previously unknown amino acid 
sequences of MSA and IGF-II precursor domains are aligned. Shaded residues match those of the insulin prepeptide. Boxes indicate identities - 
between other members of the insulin gene family. The arrow indicates signal peptidase cleavage sites. Underlining indicates residue differences 
between MSA and IGF-II. 


not present in the preproinsulin and relaxin genes and has not 
yet been demonstrated for the IGF-I gene. The third intervening 
sequence, which is located at similar positions in the insulin 
and relaxin genes”’ close to the amino-terminus of the C-peptide, 
is found in IGF-I and IGF-II genes interrupting a sequence (at 
position 26 of IGF-I and 29 of IGF-II) which has been desig- 
nated as the carboxy-terminus of the B-chain. The rather low 
level of sequence homology with the B-chain of insulin in this 
area seems to favour a redefinition of the C-terminus of IGF-I 
and IGF-II B-chains to positions 23 and 28 of IGF-I and IGF-II, 
respectively, which would place the intron at the junction 
between the B and C domains, and further support the ancestral 
relationship with insülin’ and relaxin” genes, The difference 
in length between IGF-I and IGF-I C-peptide domains. is. 
caused by a 12-bp insertion or deletion between Ala ~32 and 
Ser —33 of IGF-II. 

The BRL cell line that was used as a source of. mRNA has 
been reported to secrete polypeptides of 16,300, 8,700 and. 
7,100 MW which are immunologically related to MSA". These 
related polypeptides may represent processing intermediates of 
preproMSA, translation products of variant mRNAs transcribed 
from the same or rearranged gene or products of related but,as 
yet unknwon genes. Aside from the obvious endopeptidase 
cleavage sites at the amino- and carboxy-termini of rat‘ and 
human IGF-II, Arg-Arg dipeptides are present in the E- 
peptides—these are known to be potential cleavage: sites for 
polyprotein precursors. Determination of terminal amino acid 
sequences will be necessary to identify these IGF-I- relat 
polypeptides. 

We thank Dr G. Todaro for donating BRL-3A cells, I. “Figari 
and Dr M. Palladino for help in growing cells, C. H. Berman’ 











Fig. 4 Intron-exon organization of 
insulin-related chromosomal’ genes... 
Open boxes designate domains: that 
are present in mature polypeptides.. 
and cross-hatched boxes: those’ that 
are absent. Numbers.-within boxes.’ 
and on forks indicate the length in. 
nucleotides of coding sequencesand —_ 
introns, respectively. Numbers on 
lines indicate the lengths of untrans- 
lated regions. 
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> Many of the actions previously attributed to pituitary-derived 
growth hormone are mediated by polypeptide growth factors'~*. 
~ These include the insulin-like growth factors.1 and H (IGF-I and 

7 IGF-ID** , which are members of the insulin family of proteins’. 

. We report here the chromosomal mapping of the human genes for 
` IGF-I and IGF-II. IGF-II maps to the short arm of chromosome 
11, which also contains the gene for insulin" and the proto-oncogene 
c-Ha-rasi (ref. 9). IGF-I maps to chromosome 12, which is 

_ evolutionarily related to chromosome 11 and carries the gene for 
-the proto-oncogene c-Ki-ras2 (refs 10, 44). We have also localized 
“the human gene for an unrelated polypeptide hormone, epidermal 
“growth factor, to chromosome 4q, in the same region as another 
specialized growth factor, T-cell growth factor'', We speculate 
that these map assignments reflect the existence of gene families 

: involved in growth control. 

“ss IGF-I and IGF-II are structurally very similar. IGF-I contains 
70 amino acids and is identical to somatomedin C. IGF-II is 
about the same size as IGF-I (67 amino acid residues) and may 
be identical to somatomedin A*. IGF-I has recently been demon- 

. strated to stimulate a tyrosine-specific protein kinase in a manner 
similar to that of many other mitogens'*'* and some 

: oncogenes'*'*. Epidermal growth factor (EGF), which is unre- 
lated to the insulin- like growth factors, is produced by the 
“salivary gland as a single chain polypeptide hormone 53 amino 
acids long'®. The physiological function of EGF is not com- 

_ pletely understood, but the peptide is known to stimulate epider- 

nal growth and keratinization in many tissues.'®'? Human EGF 

€ identical to B-urogastrone, a gastric antisecretory hor- 
ne found in human urine'® 
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Fig.1 Hybridization of a, human EGF and IGF-I and b, humar 
probes to human, rodent and hybrid DNA. a, Human:contt 
(lane 5) produced a single EcoRI band each with both IGF-I 
probes while Chinese hamster DNA (lane 4) generated a weak. band 
with IGF-I (slightly smaller than. the human band) and: no crost 
hybridization with EGF. Chinese hamster/human hybrids in lanes’ 8. 
l1 and 12 hybridized with both probes, while hybrids in lanes 2 and 
were positive for IGF-I but negative for EGF. Hybrids in lanes 1, 6,9 
and 10 were negative for both human fragments, but the Chinese hamst 
IGF-I fragment was visible on the autoradiograms. All lanes :recei ed 
10 ug DNA except lane 5 which received 5 yg. b, Regional mapp: 
IGF-II on human chromosome 11. Hybrids in lanes 1-4 were derived 
from Chinese hamster cells (lane 5) and a human donor witha t(i i 
(pll; p12) translocation”? (lane 9). The hybrid in-lane 4 had retained 
both translocation chromosomes in the absence of the normal 1b 
the hybrids in lanes 2 and 3 had retained only the derivative 15:¢ 
some with the short arm of chromosome 11. All three hybri 
positive for IGF-II. The hybrid in lane | had retained the recipr 
product of the translocation with the long arm of chromosome: Il. and 
was negative. The mouse/human hybrid in lane 7 contained’ reg ion 
pll >pi5 of human chromosome 11 rearranged with chromosome: 
and maintained under hypoxanthine—aminopterin-thymidine selection 
pressure’, The hybrid in lane 8 is a derivative that has lost this human 
chromosome and does not have the human IGF-II restriction fragm 
Both mouse 3T3 (lane 6) and hamster (lané 5) cross-hybridized ‘witt 
the human IGF-II probe. All lanes were loaded with 6 ug DNA, except 
for lane 3 which received only 3 ug. 
Methods: Samples in a were cleaved to completion with EcoRI (Ne 
England Biolabs) and those in b with BamHI (International Biotec! 
nologies, Inc.). The genomic fragments were **P-labelled by nick-tr 
lation”, Probes were hybridized under stringent conditions (6 
and 5 x SSC for EGF and IGF-I; 68°C and 4xSSC for IGF-I) 


We have used human genomic DNA fragments 
homologous to the IGF-I, IGF-II and EGF genes ; 
Southern blotting experiments. Genomic DNA was extracted, 
as described previously’, from 26 human/rodent somatic cell 
hybrid clones that contained subsets of human chromosomes 
defined by chromosome analysis, enzyme marker and. DNA 
marker studies. The hybrids were derived from six different 
hybrid series with Chinese hamster or mouse 373 fibroblasts as 
the rodent parents. The human cells, either fibroblasts: or 
leukocytes, were all heterozygous for defined chromosomal Te- 
arrangements? 

The IGF-I probe was a 3.1-kilobase (kb) subclone containing 
the 5’ exon of the IGF-I sequence from phage ACh4A/IGF- 
1/A'*.-When hybridized to EcoRI-cleaved genomic DNA, th 
probe produced a single band of ~6.5 kb (Fig. 1a; lan 
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ross-hybridizing Chinese hamster band, slightly smaller in size 
nd weaker in intensity than the human band, was easily distin- 
uished (Fig. la, lane 1). The presence or absence of the human 
and correlated with human chromosome 12 in all 21 hybrid 
lones studied. For all other human chromosomes there were 
etween 4 and.14 discordancies between the presence or absence 
é. human fragment and the human chromosome (Table 1). 
jo human band was detected in a hybrid clone that contained 
_ chromosome 12 with deletion of the distal long arm region 
Fig. -la, lane 6), which suggests that the gene for IGF-I is 
ycalized on that part of the chromosome (region 12q22 > qter; 
ee Fig. 2).- 

The IGF-II probe, a 4.3-kb subclone containing the first two 
xons of the human IGF-II sequence'’, produced a single dark 
and of ~17kb when hybridized to BamHI-digested human 
nomic DNA (Fig. Ib, lane 9), Rodent DNA produced major 
ands much smaller than the human band (~5.4 kb for Chinese 
amster and ~6 kb for mouse; Fig. 1b, lanes 5 and 6). These 
ross-hybridizing bands served as internal controls in hybrids 
t were negative for the human sequence. In 17 hybrids 
udied, the human band was present only when human chromo- 
ome 11. was ptesent and was not detected in the absence of 
hromosome 11. All other human chromosomes were excluded 
y four or more discordant hybrids (Table 1). 

-The gene for IGF-H was regionally localized on chromosome 
1 using hybrid clones containing defined parts of chromosome 
1 (Fig: 16), The positive hybridization signal for human IGF-I] 
related with the presence of the short arm of chromosome 
ig. 1b, lanes 2, 3, 4 and 7). The signal was absent when 
the long arm was present (Fig. 1b, lane 1). These results 
est that the gene for human IGF-I resides in region | 1p15—> 
11, the same region to which we have previously assigned 
human loci for insulin and c-Ha-ras| (refs 9, 47) (see Fig. 2). 
o map the human EGF gene, we used a 1.5-kb genomic 
coRI fragment that contains about 50% of the EGF coding 
ion’ subcloned in pBR325 (A.U., in preparation). When 
ybridized to EcoRI-cleaved genomic DNA, the EGF probe 
enerated a single band 1.5kb in size, corresponding to the 
aman EGF gene sequence (Fig. 1a, lane 5). No cross-hybridiz- 
tion with the Chinese hamster DNA was detected under these 
onditions (Fig. Ta, lane 4). After the fragment sizes for IGF-II 
nd EGF had been established individually, both probes were 
hybridized simultaneously to the same filters (Fig. 1a). There 
iscordancy between the two growth factor genes, with 
ie hybrids containing only one or the other band. The human 
band was. only present when human.chromosome 4 had 
retained (Fig. Ta; lanes 3, 8, 11 and-12) and was absent 














Fig. 2 Localizations of the human genes for growth factors reported here (heavy brackets). Light brackets indicate the locations of other 
growth-related genes as they coincide with the regional assignments reported here. i 


when chromosome 4 was absent (Fig. 1, lanes 1, 2, 6, 7, 9 and 
10). The fact that the EGF-negative hybrids in lanes 2 and 7 
were positive for IGF-I on the same filters served as internal 
controls. There was no discordancy between chromosome 4. and 
the human EGF band in 22 informative hybrids (Table 1). All 
other human chromosomes were discordant in 4-14 hybrids. 

Two Chinese hamster/human clones containing only portions 
of chromosome 4 provided regional mapping information: Both 
hybrids, containing either region 4q21 > qter or 4cen > qter (Fig. 

3), were positive for the human EGF gene sequence (Fig. la, 
lanes 3 and 11). These results allow us to assign the human gene 
for EGF to the distal portion of the long arm of chromosome 
4 (bands 4q21 > qter) (see Fig. 2). 

The only other growth factor genes previously mapped. to 
human chromosomes are platelet-derived growth factor (PDGF; 
chromosome 22), localized as a result of its demonstrated 
homology to the proto-oncogene c-sis (ref. 24), the B-subunit 
of nerve growth factor to band 1p22 (ref. 25) and T-cell growth 
factor (also called interleukin-2) to chromosome: 4q''. Our 
assignments of the genes for EGF, IGF-I and IGF-I to human 
chromosomes (Fig. 2) therefore double the number of known: 
human growth factor map locations. 

We have assigned IGF-II to the same region (1ipll apts) 
that contains the insulin locus. Divergence of insulin-like growth 
factors and proinsulin from a common ancestor has been sug- 
gested on the basis of their considerable sequence homology”” 
It remains to be seen whether the genes are as close to each 
other as are the members of the B-globin gene cluster: 

The mapping of the structurally related growth factor genes 
IGF-I and IGF-II to human chromosomes 11 and. 12.a 
the existing evidence that these two chromosomes ma 
evolutionarily related, as suggested by the similarit rt 
banding patterns. Chromosome I! contains genes for insulin, 
lactate dehydrogenase A and c-Ha-ras1 on the short, arm, and 
chromosome 12 carries the gene for lactate dehydrogenase B 
on the short arm and c-Ki-ras2, which has not been regionally 
mapped. There i is conflicting evidence that assigns ¢-Ki-ras2 to 
the short arm** or to the long arm**. Our assignments of IGF-I 
to chromosome 12, and of IGF-II to chromosome. 11, thus add 
two more structurally related genes to. these complementary 
groups of loci. It has been suggested that the human chromo- 
somes I! and 12 were derived from a common ancestor by an 
early tetraploidization event”*. The positioning of JGF-I on 
the short arm of chromosome 11, and the tentative localization. 
of IGF-I on the long arm of chromosome 12, suggests the 






-possibility thata pericentric inversion. or intrachromosomal shift 


has altered the gene organization on chromosome 12 compared 
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{ nly i intact human chromosomes present in at least 20% of cells were included. Data on rearranged chromosomes ¢ or chromosom 


ss than 20% of cells were excluded. 


tht i the short arm/ long arm ratio difference and the banding 

patterns support this hypothesis (Fig. 2). It will be of interest 

to determine whether this possible evolutionary rearrangement 
involves the c-Ki-ras2 locus. 


9 parative mapping studies, summarized in ref. 27, have. 


the mouse genes that are homologous to c-Ha-ras1, 

tate ‘dehydrogenase A and the B-globin cluster (all 

n human 1 1p) to the centre région of mouse chromo- 

dicating evolutionary conservation of this linkage 

contrast, the région containing the active c-Ki-ras2, 
dehydrogenase B; tridse phosphate isomerase and gly- 
ceraldehyde phosphate dehydrogenase genes, localized on 
- human chromosome: 12, ison mouse chromosonie 6 (ref. 27). 
We predict that the mouse homologues of IGF-I and IGF-H, 
new: members of these conserved syntenic groups, will be 


“The physical proximity of the proto- oncogene ¢-Ha-ras} and 
the growth factor gene IGF-IT on human chromosome 1, and 


gene family, N-ras, to the same Sand onthe short arm 
f chromosome | (1p22)2529-48, The gene for relaxin (also related 
ulin) has not yet been assigned to a chromosome. The 
instances of synteny, or physical closeness, of a member 
Ol ras gene family and an insulin family member that we 
ha e observed may have functional and/or evolutionary signific- 
For example, activation of the c-Ha-rasl gene might 
influence IGF-II expression, in a similar way to the cooperation 
: een’ erb-A and erb-B*°, to produce a fully transformed 
phenotype. IGF-I interacts with PDGF in the stimulation of 
.. competent BALB/c 3T3 cells and human fibroblasts to initiate 
DNA. synthesis’. 
“The gene for EGF maps to the same region of chromosome 
the gene for T-cell growth factor, a specialized growth 


ma lines’! _ Possibly EGF and T-cell growth factor form the 


ofa gene family coding for peptides with similar func-. 


e nucleotide sequence of the EGF receptor is similar, 


tof the viral oncogéne v-erb-B*', which encodes a gly- 


related to tyrosine-sf ecific protein kinases’*..The gene 
e human EGF receptor"? 


and the human gene sequence. 


homologous to v-erb-B** have been independently assi 
chromosome 7. The EGF receptor is therefore noten 
the same chromosome as its ligand, as has been dem 
for the transferrin receptor and transferrin", and for the 
density lipoprotein receptor and apolipoprotein E 

The mapping of three important human growth fact 
EGF, IGF-I and IGF-II, to defined regions of human 
somes 4, 12 and II has raised interesting speculati 
regard to the evolution of gene families involved in 
control, and of human and mammalian chromosomes. 
ments can now be designed to: look for functional and evoluti 
ary relationships between proto- oncogenes: and’ these | 
factors. i 


Fig. 3 Regional mapping of the gene for EGF on chromos 
4. Interspecies translocation chromosomes from Chinese hamste 
(CH)/human somatic cell hybrids, G-banded after trypsin treat 
ment (GTG)*' or stained with alkaline Giemsa (G11)? which 
distinguishes human (light) from rodent (dark) chromatin: a; 
tromeric fusion of the short arm of CH X-chromosome with t ie : 
long arm of human chromosome 4 in the hybrid shown:in lan 
of Fig. la. b, Translocation of the distal long arm of. human 
chromosome 4 (region 4q21—>4qter) onto the short.arm.of CH 
chromosome 2 in the hybrid shown in lane 3 of Fig. la”. As both 
-of these hybrids. were’ positive for human EGF, the gene can 
localized to the region 4q2}-> qter. 
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: insulin-like growth factors IGF-I and IGF-II are required for 
wth and development". Both are single-chain proteins (of 70 
67 amino: acids s respectively) derived from precursors by pro- 
eolytic processing~* - IGF-I may be particularly important in 
oting normal stature’ and IGF-II may be a fetal growth 
OF ione”. The IGF proteins are probably synthesized by many 
nal tissues’ and by some tumours'’. The secretion of growth 
tumours and tumour-derived cell lines. suggests that 
cas autocrine. regulators of cell- proliferation'’. 

hus of the possible role of these protein i in granth disorders 





determined their chromosomal Toca . Using somatic cell 
hybrids’? and cloned cDNA probes” for these proteins, we have 
assigned the genes for IGF-I and IGF-II to human chromosomes 
12 and 11, respectively. We present evidence that the’ IGF-IL gene. 
is located on the short arm of chromosome 11 with a ras proto- . 
oncogene and the insulin structural gene, and also. suggest the 
existence of a fragment length polymorphism using the IGF-I 

probe. 

Cells from seven unrelated human and three mouse cell lines: 
were fused and somatic cell hybrids selected and maintained as 
described previously’*. On the same cell passage, cell hybrids 
were analysed for human chromosome-specific enzyme 
markers”, karyotyped by Giemsa-trypsin staining" and DNA 
was isolated for Southern filter hybridization’. The sequences 
coding for the IGFs were purified from an adult human liver 
cDNA library’®. The probes used were the plasmids phigfl and 
phigf2 (ref. 6) which encode preprolGF-I and preprolGF-Il, 
respectively. Sequencing confirmed the presence of plasmids 
containing either a 660-base pair (bp) insert coding for IGF-I 
or a 1,046-bp insert coding for IGF-II (ref. 6). DNA (10 pg) 
was cut with the appropriate restriction endonuclease, then the 
DNA fragments were separated by electrophoresis on 0.8% 
agarose gels and transferred to nitrocellulose'’, The cDNA 
probes were nick-translated using **P-labelled dNTPs and 
hybridization and autoradiography were done as described pre- 
viously” 

The human insulin-like growth factor 1 gene (IGF-I) was 
mapped by correlating the presence of the gene with a specific 
human chromosome in a human-mouse hybrid cell panel. 
Human chromosomes in the hybrid cells were determined by. 
karyotyping and by the analysis of human chromosome-specific. 
isozyme markers'*'*, The phigfl probe hybridized to three — 
EcoRI fragments of 8.0, 6.6 and 4.3 kilobases (kb) from human ` 
DNA (Fig. la, lane 7) and three fragments of 6.7, 2.1 and 1.9 kb 
from mouse (Fig. la, lane 8). The isolation and characterization 
of human IGF-I and IGF-II indicates that they are single-copy 
genes (N. Fong and G.I.B., unpublished). The presence of 
human bands which hybridize with phigfl correlated only with: 
the presence of human chromosome 12 in an analysis of 31° 
hybrids (Table 1, Fig. 1a). No other chromosome or chromo- 
some-specific isozyme marker co-segregated with phigfl (Table 
1). Figure la shows hybridization to DNA from hybrids contain- 
ing human chromosome 12 (lanes 1-3); lanes 4-6 show hybridiz- 
ation to DNA from hybrids lacking this chromosome. The results 
demonstrate that the gene coding for human IGF-I is localized. 
on chromosome 12. Analysis of human IGF-I in DNA from. 13 
unrelated individuals revealed a restriction fragment length 
polymorphism (RFLP) after digestion with Poull (Fig. 1b) or 
Hindill (data not shown). Hybridization of phigfl to Poull-.. 
digested DNA yielded three bands of 8.2, 5.0 and 2.8 kb (Fig. 
1b, lanes 1-3). The heterozygous pattern yielded an additional 
band of 5.4 kb (Fig. 1b, lanes 4 and 5). Preliminary data indicate 
that the polymorphic Poul] and Hindlll sites are linked. 

Human IGF-II was mapped in the same manner as IGF-I]. 
using the phigf2 probe. After a HindIII digest of cellular DNA, : 
phigf2 hybridized to three bands of 17, 8.5 and 4.9 kb if the 
human (Fig. Ic, lane 7) and a single band of 11 kb inthe mouse 
(Fig. Ic, lane 8). Hybridization of the phigf2 probe with DNA 
from 31 cell hybrids revealed that the human bands correlated | 
with the presence of human chromosome 11 (Tablé.1, Fig. 1c). 
No other chromosome or isozyme marker co-segregated with 
phigf2. Figure 1c shows a filter containing DNA from chromo- 
some |1-positive (lanes 1-6) and negative (lanes 2-5) hybrids. 

The localization of IGF-II on chromosome 11 was accom- 
plished using somatic cell hybrids retaining different regions of 
chromosome I 1. The cell hybrid XER7 (Table 1) lacked.a normal 
chromosome 11 and 90% of the cells retained the recombinant 
chromosome which included the I1pll—ligter region’: As. 
human IGF-II was absent from this hybrid, it must tie-in the 
lipli-lpter region. Hybrid EXR5CSAz (Table 1) retained the 
llql3~ligter region but not an intact chromosome]! (refs18) 
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"Table 1 Segregation of cloned IGF DNA with human chromosomes i in somatic cell hybrids 
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EXR-5CSAz + ~ + =- + i ee t ollt HHHH 
:%: Discordancyt IGF-I 35 35 35 32 32 35 35 39 45 35 45 0 32 39 29 45 45 29 39 26 
% Discordancyt IGF-II 2 32 












-Chr mosome-specific enzyme markers also were determined on the same cell passage for these hybrids, confirming the chromosomie ‘anal 
fi )} or absence (—) of a human chromosome is indicated. Human female parental cells were used, eliminating the Y chromosome: IGF- 
were determined by scoring the presence (+) or absence (—) of the DNA fragments containing the respective gene sequences, 
* Wel defined human translocation chromosomes are retained in some hybrids; these are referenced in the text’? 
rdant hybrids are those that have either both retained or lost IGF-I or IGF-II and a specific human chromosome. Discordant hybrid 
are those that either retained the genes but not a specific chromosome, or the reverse. % Discordancy indicates the degree of discordant Segregatio 
arker and a chromosome. Lack of discordancy demonstrates chromosome assignment. 
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ig. L -Southern hybridization of cDNA probes of phigf1 and phigf2 to restriction digests of DNA from human, mouse and’somatic cell hybrids. 
lengths. of the DNA bands are shown at the right of each figurë as determined by size markers. a, Hybridization of IGF-I to cell hybri 
_. DNA digested with EcoRI. Lanes 1-3, hybrids positive for chromosome 12; lanes 4-6, hybrids negative for chromosome 12; lane 7, HeLa 
ls; lane.8, mouse LMTK™ cells. b, Hybridization of IGF-I to leukocyte DNA digested with Poull from five individuals. Lanes 1-3, norma 
riction pattern; lanes 4, 5, heterozygous pattern with an additional band at 5.4 kb. A similar heterozygous pattern was seen in these an 
viduals using HindIII, c, Hybridization of IGF-II to cell hybrid DNA digested with HindHI. Lanes:| and 6, hybrids positive for chromoso! 
H; lanes. 2-5, hybrids negative for chromosome H täne: 7, HeLa cells; lane 8, mouse. LMTK™ cells: ` 
























e Mpter-lipl s ‘region. Grastoetlitty, the Poors related 
nsulin gene is.also localized on the short arm of human chromo- 
me II at-pl5 (ref. 19). 
part from the insulin and IGF-I genes, the short arm of 
hromosome 11 also encodes the c-Ha-ras! oncogene and the 
ate dehydrogenase A (LDHA) gene’. The short arm of 
hromosome 12 encodes the structurally related genes c-Ki-ras2 
d the lactate dehydrogenase B (LDHB) genes’”. In the mouse 
hese genes are in conserved groups on chromosomes 7 and 6, 
espectively”’. These comparative gene mapping data suggest 
n apparent common ancestry for these sites. 
Deficiencies in IGFs are linked to shortness of stature in 
jumans’, while their excess is associated with acromegalia’’. 
amination of the structure of these genes in individuals of 
hort stature could indicate the role of IGFs in the aetiology of 
warfism. The recent observations of homologies between the 
equences of the B-subunit of platelet-derived growth factor and 
he protein encoded by the oncogene v-sis’’, and the tyrosine 
inase domain of the epidermal growth factor receptor and the 
v-erb-B gene product™ indicate that cellular transformation 
ould result from abnormal expression of a growth factor or its 
‘eceptor. Moreover, the synthesis of growth factors by some 
umours suggests that they may function as autocrine regulators 
tumour growth''. To date, neither IGF-I and IGF-II nor their 
eceptors have been implicated in the transformation process, 
Ithough the IGF-I receptor, like the EGF receptor and several 
cogenes, has an associated tyrosine kinase activity’*. The 
ignment of the IGF genes to human chromosomes 11 and 
2 suggests that tumours or hereditary syndromes containing 
‘eatrangements and amplification of regions of these chromo- 
omes should be evaluated for abnormal expression of these 
rowth factors, For example, duplication of the p13 to pter 
egion of chromosome 11 has been demonstrated in the Beck- 
ith-Wiedemann syndrome”, which results in larger birth size, 
lacroglossia and hyperplastic visceromegaly. The features may 
ult from overproduction of IGF-II. The fine structure physical 
ipping of these genes will allow an assessment of the relation- 
ps of IGFs to proto-oncogenes, and to structurally defective 
¢s, on the short arms of chromosomes || and 12. The screening 
families for the polymorphisms associated with IGF-I will 
llow us to search for a relation between hereditary defects and 
his gene, and for close linkage relationships with other genes 
n-this chromosome. 
This research was supported by NIH (GM 20454, HD 05196) 
d ACS (CD-62) grants. We thank R. Eddy, L. Haley, M 
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Although there is good evidence that growing axons can be guided | 
by specific cues during the development of the vertebrate peripheral 
nervous system’, little is known about the cellular mechanisms 
involved. We describe here an example where axons make a clear 
choice between two neighbouring groups of cells. Zinc iodide- 
osmium tetroxide staining of chick embryos reveals. that motor 
and sensory axons grow from the neural tube region through the 
anterior (rostral) half of each successive somite. 180° antero-~ 
posterior rotation of a portion of the neural tube relative to the 
somites does not alter this relationship, showing that neural. seg- 
mentation is not intrinsic to the neural tube. Furthermore, if the 
somitic mesoderm is rotated 180° about an antero-posterior axis, 
before somite segmentation, axons grow through the posterior 
(original anterior) half of each somite. Some difference therefore 
exists between anterior and posterior cells of the somite, undis- 
turbed by rotation, which determines the position of axon out- 
growth. It is widespread among the various vertebrate classes. 

In the chick embryo, the outgrowth of both motor and sensory 
axons occurs in an antero-posterior (rostro-caudal) sequence, 
those opposite the wing bud appearing between stages 16 and 
17 (ref. 2) of embryonic development. By this stage the somite, . 
whose cells growth cones first encounter, has developed into: 
the outer dermatome—myotome (respectively prospective dermis © 
and skeletal muscle) and inner sclerotome (prospective vertebral 
column). Motor axons leave the neural tube and grow laterally 
through the sclerotome towards the myotome (Fig. 1a); sensory 
axons appear when the dorsal root ganglion cells, within the 
sclerotome, send processes both peripherally (to join the motor 
axons) and centrally towards the dorsal portion of the neural: 
tube. As originally described by Tello’, and visible in our whole- 
mount preparations, motor axons precede sensory axons when 
growing laterally through the sclerotome. 

From the start, motor axons grow exclusively through ‘the 
anterior half of their respective somite (Fig. 1b). Because growth 
cones and their filopodia are visible with the zinc iodide—osmium 
tetroxide stain (Fig. Ic), any axons present in the posterior half 
are unlikely to have been missed because of their failure to stain. 
In each of 73 somites examined from 10 stage-17 embryos, motor 
axonal growth was confined to the anterior half of the somite. 
In the case of sensory axons, however, processes can be seen 
occasionally to extend a short distance within the posterior 
half-somite; 6 such processes were seen in the 73 somites 
examined. These posterior processes have not been observed 
during later stages of development, and it is likely that they 
represent outgrowths from neural crest cells residing in the 
posterior half-sclerotome which later migrate or degenerate. All” 
motor axons, therefore, and the great majority of sensory axons,’ 
grow within the anterior half-somite, specifically its sclerotome: 
portion. 

Several questions arise from this observation. First, is the. 
segmented growth of motor axons determined by some intrinsic 
property of the neural tube, or is it, as the segmented growth. 
of sensory axons suggests, determined by the somite? This 
question was answered by rotating the neural tube. relative: to 
the somitic mesoderm so the neural tube previously opposite 
the anterior half of the somite became positioned opposite the. 
posterior half. Despite such displacement, in each of 11 such” 
experiments axonal growth remained confined to the anterior 
half of the somite (Fig. 2). The neural tube is not, therefore; 
intrinsically segmented with respect to motor axon outgrowth: 
(see also refs 4, 5). 

To test whether segmentation instead. arises from some 
property of the somites, the.somitic mesoderm was rotated . 
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Fig. 1. a, Transverse section of a late stage-16 chick embryo, at the level of the wing somites, stained with toluidine blue. The embryo was — 
fixed by immersion in buffered 2.5% glutaraldehyde, plastic-embedded and sectioned at 2 um. By the stage of motor axon outgrowth (arrow), 
ii the somite has developed into dermatome-myotome (D, M) and sclerotome (S). NT, neural tube; NC, notochord, Scale bar, 100 um. b, Late 
.stage=16 embryo, wing region, stained with zinc iodide~osmium tetroxide. The staining procedure was a modification of the method described 
"© by Akert and Sandri”, The embryos were pinned out on Sylgard dishes and bisected along the antero-posterior axis into left and right häls 
They were then immersed in a freshly prepared mixture of 6 ml Znl,/1.75 ml of 2% OsO,, to which had been added a small drop of 
“concentrated KI, solution. The Znl, solution was made by combining 5 g iodine with 15 g powdered zinc in 200 ml water. They were: the 
incubated at 55°C for 100-105 min, washed with distilled water, dehydrated in alcohols, cleared in xylene and whole-mounted in Permount. 
Motor axons are seen in the anterior (right in the figure) halves of two somites, having emerged from the neural tube (arrows). The somite. 
borders are enclosed by asterisks. Sensory axons were visible in another (more dorsal) plane of focus. Scale bar, 50 um. c Whole mount-of 
a stage-21 embryo, wing region, stained with zinc iodide-osmium tetroxide. The end of a spinal nerve is shown, to demonstrate growth cones |. 
and their filopodia (arrows). Scale bar, 20 um. ` 


-antefo-posteriorly through 180°, leaving the neural tube undis- 
türbed: Strips of segmental plate mesoderm, three to four pros- 
pective somites in length, were removed from donor embryos 
and implanted in host embryos, opposite the wing bud, after 
‘rotation (Fig. 3). Eight such operations were performed, in six 
of which the medio-lateral axis was also reversed. In all eight 
cases, axonal growth was now confined to the posterior (original 
anterior) halves of the grafted somites. Both anterior and pos- 
terior to the graft, axonal growth was, as expected, through the 
anterior halves of the host somites. In five control experiments 
where the segmental plate mesoderm was removed and replaced 
with the normal orientation, and in two where only the medio- 
- lateral axis of the segmental plate was reversed, axons were 
“positioned as in unoperated embryos. These experiments show 
that neural segmentation results from the somites. They also 
“show that the anterior—posterior difference must be determined 
at or before somite segmentation from the segmental plate, and 
that the embryonic axis is unable to regulate for its positional 
disturbance. Furthermore, rotation about the medio-lateral axis 
is without effect on the segmentation of neural outgrowth. 

_ What properties of the somite might restrict axonal growth 
to it anterior half? As axons first encounter sclerotome cells 
(Fig. la), there is presumably a difference between those cells 
.4n the. anterior half-sclerotome and those in the posterior half- 
sclerotome; anterior cells permit axonal growth and/or posterior 
cells inhibit it. One possibility would be that motor axons emerge 
~ simultaneously opposite both sclerotome halves, but can only 

grow out through anterior sclerotome. We might then expect to 
see axons in the posterior region growing along the surface of 
the neural tube towards the anterior half-sclerotome. However, 
-we-do not (Fig. 4a). The first axons emerge only from neural 
tube opposite the anterior half-sclerotomes; later axons, though, 
do emerge opposite the posterior half-sclerotomes and then turn 
a towards the anterior half-sclerotome on either side (Fig. 45). 
c motor axons grow laterally from their cell bodies so as 
= e the neural tube at the same antero-posterior level as 
that at which they arise®. Therefore, and contrary to Tello’s 
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Fig. 2 Neural tube rotation: 11 host embryos were incubated at 
38°C to stage 11-13. Donor embryos were incubated to the same 
developmental stage and then pinned out in Sylgard dishes contai 
ing 0.1% trypsin (Difco) in calcium- and magnesium-free Tyrod 
solution at room temperature. Within 3 min the neural tube coiild 
be removed, free of ectoderm, endoderm and notochord. Lengt 
of neural tube opposite two, three or four somites were cut from 
the presumptive wing region and their dorsal—anterior portio: 
marked with carmine particles. Neural tube of the same length 
and position was removed from host embryos in ovo with: finé 
tungsten needles, leaving the notochord and somites intact. The 
donor grafts were then implanted in the host embryos, after 180° 
reversal about the antero-posterior axis. In this way, neural tube 
previously opposite an anterior half-somite came to lie opposite 
the posterior half. After 2 days’ further incubation in ovo, the 
embryos were stained and examined as described for Fig. 1b. In 
the example shown, the junction between donor and host neural 
tube is arrowed: axons (large asterisks) grow through anterior: 
(right) halves of somites from both donor (left) and host: 
(right) neural tubes. Small asterisks enclose somite bor lers. 

Scale*bar, 50 pm. 





» Fig.3 Rotation of somitic mesoderm; technique as Fig. 2 legend. Lengths of segmental plate mesoderm, two to four prospective somites in 

length, were cut from the wing region of donor embryos and marked with carmine at one end. Similar lengths of segmental plate mesoderm 
were removed, together with overlying ectoderm, from the wing region of the same or opposite side of host embryos, leaving neural tube and 
. endoderm intact, The grafts were then implanted in the hosts after 180° reversal about the antero-posterior axis or both antero-posterior and 
< medio-lateral axes. Following 2 days’ further incubation in ovo, the embryos were examined as for Fig. 1b. In the photomontage the neural 
~ tube is inferior. The dashed line separates the host region (left, posterior) from the graft region (right, anterior). Arrows mark the somite 
borders. In the graft region axons are now immediately anterior to the somite borders. Scale bar, 50 um. 





Fig: 4 a, Whole mount of neural tube and sclerotome of a late stage-16 embryo, wing region, stained with zinc iodide-osmium tetroxide. 
‘After staining, the neural tube was bisected along its long axis and most of the somitic mesoderm cut off laterally. The medial portions of 
two sclerotomes are left adjacent to the neural tube. Motor axons leave the ventral surface of the neural tube (arrows) and grow (initially 
dorsolaterally) in the anterior half of each sclerotome. No axons are seen near the surface of the neural tube opposite the posterior half of 
-the sclerotome (asterisk), the same being true for adjacent planes of focus. Scale bar, 50 pm. b, Longitudinal section of a stage-21 embryo, 
"prepared as for Fig. la, stained with toluidine blue. Neural tube inferior (asterisks); anterior to the tight. Axons emerging opposite posterior 
half-sclerotome (arrows) are seen, directed either anteriorly or posteriorly towards, respectively, the anterior half of the same somite or the 
anterior half of the adjacent (posterior) somite. The myotome (M) is seen straddling the intersegmental blood vessels (ISV). Scale bat, 50 um. 
































escription’, the extension of motor axons occurs in a discon- 
uous punctuated manner along the neural tube, being first 
rom cell bodies opposite the anterior half-sclerotomes. Only 
ater do cells opposite the posterior half-sclerotomes extend 
ons; and these axons presumably fasciculate on the previous 
pioneer’ outgrowths, after penetrating the basal lamina sur- 
nding the neural tube. If axon extension is initiated as a 
onsequence of some influence of the anterior half-sclerotome 
Is, this influence is presumably not an absolute requirement 
“axon extension, for prior destruction of the somitic 
soderm, at least at the stage of somite segmentation, does 
t prevent axon outgrowth’. 
Since Remak’s’ original observations on the development of 
the vertebrate column, there have been many further descriptive 
tudies (see refs 8-10 for reviews). It has often been noted that 
he sclerotome subdivides into anterior and posterior regions 
f, respectively, lesser and greater cell densities, a difference 
hich arises after the first axonal outgrowths (unpublished 
servations). Remak also saw that the spinal nerve and gang- 
ion. develop in the anterior half-sclerotome. Von Ebner’! 
described a relatively cell-free space or fissure between anterior 
nd posterior sclerotome halves in both snake and chick 
mbryos,.a feature which has been variously confirmed" or 
uted as a fixation artefact”. We confirm its existence in the 
hick embryo, finding it visible in the presence or absence of 
fixafion. Axons have never been seen to cross this boundary 


between anterior and posterior sclerotome halves, so it is likely 
that the fissure also represents the boundary between anterior 
and posterior portions of sclerotome with respect to axon 
growth. 

Detwiler’s* classical experiments on neural segmentation in 
the axolotl showed that neural segmentation in this species 
results from mesodermal segmentation. Could, then, an antero- 
posterior subdivision of the sclerotome determine neural seg- 
mentation in all vertebrates? Certainly anterior~posterior 
sclerotome cell density differences have been described jn all 
vertebrate classes’”””'*"'’, and the spinal nerve is seen in the 
anterior half-sclerotome. What is critical, however, isthė timing 
of appearance of the sclerotome changes in relation to axon 
outgrowth. In the case of teleost” and elasmobranch!” fishes, 
and anuran amphibia*°?', where studied, the first motor axons. 
grow out at a stage when there may be few or no sclerotome™ 
cells intervening between neural tube and myotome; In these: 
conditions the myotome cells alone may determine segmenta- 
tion, Nevertheless, sclerotome cells have been described in- 
association with axons'??!, and such myotomal determination 
of neural segmentation does not easily explain the coincident 
segmentation of sensory axons. Furthermore, in at least oné 
elasmobranch fish, Scyllium catulus, there is a sclerotome-filléd © 
space, several ceil diameters wide, between neural tube and 
myotomie at the stage that ventral root axons first appear (ref. 
22 and our own unpublished observations). Like S. catulustand™: 
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k, in apodan amphibia‘ 
, motor and sensory axons probably first grow out 
‘at a stage when: sclerotome cells have accumulated between 
neural tube and myotome (Fig. la). Therefore, it is presumably 
towards this population of cells that we should look for an 
explanation of neural segmentation in these vertebrates. The 
experiments described here have shown that both motor and 
sensory axons preferentially associate with cells of the anterior 
. half-sclerotome. How anterior and posterior cells differ in terms 
of cell lineage and molecular properties remains to be deter- 
mined. 
We thank Bert Williams for procuring the eggs, and John 
-Bashford and Roger Liles for help with photography. This work 
„was supported by grants from the MRC (R.J.K,) and SERC, 
(€. D.S.). 
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_ antigen composed of 
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Protective immune responses against the asexual stages of the 
human malaria parasite, Plasmodium falciparum, are most prob- 
~ ably directed against exposed antigenic determinants on the surface 
of the free merozoite’ or the infected red blood cell*, and 
i therefore antigens in these locations are candidates for testing as 
-components of a defined molecular vaccine. To facilitate the search 
< for such antigens, we recently developed a method for the 
“expression. of P. falciparum proteins in Escherichia coli as fused 
polypeptides“ . Many clones producing antigens were detected by 
screening with immune human sera 6&7, We show here that antibodies 
against the fused polypeptide expressed by one such clone react 
with a P. falciparum protein that is synthesized late in schizogony 
and is later present on the surface of the ring-infected erythrocyte. 
<: The protein is composed of repeating subunits of 8, 4 and 3 amino 
cids and ‘is present in all isolates of P. falciparum examined. 
< The construction of a cDNA library of P. falciparum in the 
ector A stl 1-Amp3 has been described previously". cDNA was 
tted into the unique EcoRI site near the C-terminus of 
-galactosidase, resulting i in expression of fused polypeptides 
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E. coli, Clones expressing fused polypeptides that torres pond immunoprecipitation of biosynthetically-labelled asynchron 
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Fig. 1 
a, One-dimensional SDS-polyacrylamide gels of immunoprecip’ 
tates b, ¢, Hybridization of stage-specific P. falciparum cDNA to 
antigen-positive clonés. 

Methods: a, Parasites of the FC27 (ref. 18) line were grown in 
asynchronous culture in vitro according to the method of Tra 


Identification of the native protein corresponding to Agl 


and Jensen'®. At a parasitaemia of ~3% the parasites were trangfe 
red to a methionine-free medium supplemented’ with Y! 
methionine for 18 h. Parasites were collected by centrifugation: and 
lysed in 0.5% Triton X-100, 150mM NaCl, 10mM EDTA and 
5mM Tris pH 8. Aliquots of labelled parasite lysate were reacted 
with various sera. Formalin-fixed Staphylococcus aureus was u 
as a solid-phase reagent. Immunoprecipitates were prepared an 
analysed by one-dimensional’ SDS-polyacrylamide gel. elec 
trophoresis as described previously”. Gels were. fluor 
graphed. The antisera were prepared by injecting mice wi 
lysates?! of Agi3 or five independent antigen-positive clon 
(Ag24,28,32,46,47) producing fragments of the same molecule”. 
These clones were identified by cross-hybridization with the Agi3 
cDNA® and by positive signal on the colony immunoassay. with 
anti-Agi3 antibodies’. All sera recognized a 155K MW molecule 
but some also recognized a 210K MW molecule. Lane 1, anti-Ag28; 
lane 2, anti-Agl3: lane 3, anti-Ag24; lane 4, anti-Ag46; lane 3, 
anti-Ag47,; lane 6, anti-Ag32; lane 7, anti-A Amp3 vector. b, ¢, 
Parasites of the FC27 line'® were synchronized twice by treatment 
with 5% sorbitol according to the method of Lambros and Vander: 
berg” as modified by Freeman and Holder”. The parasites were 
cultured in vitro’? for one cycle of growth and merozoites collected 
according to the method of Freeman and Holder**. The merozoite 
preparation was stained with 10% Giemsa and examined ünder 
light microscopy and the degree of contamination by other life | 
cycle forms was less than | infected cell per 1,000-merozoites, In 
a separate synchronization experiment parasites. were collected at 
the transition point between mature trophozoites and early. 
schizonts. No schizonts with greater than four nuclei were seen by 
light microscopy and trophozoites constituted over 75% of the” 
parasites present, The parasite preparations were solubilized -in 
6 M guanidine hydrochloride in 0.4 M sodium acetate pH 5:2 and 
RNA was prepared as described elsewhere”. Aliquots of total RN, 
from the two preparations were transcribed into labelled cDN 
and 3x10°c.p.m. per ml of each were hybridized to prepared 
nitrocellulose filters**. The nitrocellulose filter was a replica of an 
array of antigen-positive clones including Agl3 sequence 
(arrowed), In b the array was reacted with cDNA prepared fi 
the trophozoite plus early schizont preparation while in c thé 
was reacted with cDNA from free merozoites. The Agl3 sequ 

are strongly recognized by the merozoite cDNA preparatio 





to natural antigens were detected by an in situ immunoass: 
using immune human sera. One clone, designated Agi3, | 
duced a large fused polypeptide with a molecular weight (MW) 
of 156,000 (156 K) which was presumably composed of 116 
of B- galactosidase sequence and 40K of P. falciparum sequence 
Immunoblot analyses using anti-B-galactosidase antibodies an 
anti-P. falciparum antibodies confirmed that the fused polype| 
tide contained antigenic determinants recognized’ by both sera” 
Mice and rabbits were immunized with lysates of induced:ba 
teria or with the fused polypeptide purified as described pr 
viously’. 

The P. falciparum antigen corresponding to the Ag13 fragme 
was identified as an acidic protein of 155K -M 
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examined for fluorescein fluores- 
cence only (a) or for fluorescein and 
ropidium fluorescence (b). c Com- 
‘bined fluorescein’ and propidium 
‘fluorescence of two ‘ting-infected 
erythrocytes. The fluorescence inthe 
centre of the erythrocyte results from 
“the reaction of propidium iodide 
with the parasite nucleus. 
“Methods: These blood films were 
prepared from asynchronous cul- 
tures of the FC27. isolate of P. fab 
čiparum and fixed by immersion in 
90% acetone, 10% methanol. The 
arasites were then reacted for 
30 min at room temperature with a 
1:50 dilution of serum from mice 
immunized with Agl3. After washing 
in mouse -tonicity phosphate- 
buffered saline, Huorescein-conju- 
ted sheep anti-mouse IgG anti- 
serum was added. Slides were. 
ashed in mouse tonicity phosphate- 
buffered saline and briefly reacted 
ith 0.00005% propidium iodide for 













ght. The same field was viewed under UV (dj or visible 
antigen on the surface of an infected erythrocyte. 


light Ce). 


tuluures of the FCQ27/PNG(FC27) isolate of P falciparum (Fig: 
L Some. antisera, especially from animals that had received 

tiple boosts with PAT contained antibodies directed 
i st a second protein of faith (Fig. 1 a, lanes 3, 5). Immuno- 


ltures indicated that the 210K MW pe was detectable 
inthe schizont while the 155K MW protein predominated 
e ae stage (data not shown). It is not clear whether this 
a precursor—product relationship between the two 
eins or that they are antigenically cross-reactive distinct gene 


< The location of the 155K protein was determined by indirect 
mmunofluorescence studies against both fixed and unfixed 
larasitized cells of the FC27 isolate. When anti-Ag13 antibodies 
were reacted with fixed cells, fluorescence was associated with 
a small proportion of the erythrocytes (Fig. 2a). Fluorescence 
vas visible aver the whole surface of these erythrocytes or as a 
around the cell (Fig. 2a, c). Double staining with propidium 
odide showed that the fluorescent erythrocytes contained a 
ingle parasite nucleus, that is, they were infected with ring 
rms (Fig. 2b). All cells infected with ring forms appeared to 
ve this. antigen but mature trophozoites showed minimal 
i ence. However, fully mature schizonts were also reactive 
the fluorescence was localized to the parasite and not on 
erythrocyte surface. Small fluorescent bodies of a size con- 
t With merozoites were also seen. Fluorescence of ring- 
ected erythrocytes was seen when unfixed cells were used 
, 2d, f) demonstrating that this antigen is located on the 
rface of the erythrocyte. In some cases the fluorescence was 
tuniformly distributed over the cell surface (Fig. 2/). Because 
location, this antigen has been named the ring-infected 
ythrocyte. surface antigen (RESA). Fluorescence studies on 
four isolates from Papua New Guinea (FC27, MAD143, 
[ADI47 and MAD71), a Thai isolate (K1) and Ghanaian 
solate (NF7) showed the presence of a protein immunologically 
s-reactive with RESA on the surface of ring-infected eryth- 
cy ësiofallisolates (data not shown) and the stage specificity 
fluerescence and the molecular anh of RESA distinguish 
om the merozoite surface polypeptide of 195K MW (ref. 3). 
1E l ationship of RESA to glycophorin-binding molecules" 
of te same approximate molecular weight (that is [SSK ang 
























































sualization of parasite nuclei, The slides were immersed in glycerol and examined under UV light. Non-fixed cells were also examined. In 
altro cultures of FC27 were reacted with rabbit antibodies to the purified fused polypeptide from Ag!3 for 30 min at 4°C. After washing in 
phosphate-buffered saline, fluorescein- conjugated goat anti-rabbit [eG antiserum was added. The cells were washed and examined under UV 
The fluorescein staining cell is non-pigmented. f, Apparent capping of the 


210K} has not been established. However, an antigen which 
may be equivalent has been detected on fixed ring-infected 
erythrocytes by immunofluorescence using immune human 
sera 

RNA extracted from cultures of asynchronous asexual blood 
stages contains RESA mRNA in low abundance, as labelled 
cDNA hybridizes to Agl3 very weakly (data not shown). This» 
is also true for RNA extracted from trophozoite and early 
schizont stages (Fig. 1b). However, RESA mRNA is greatly 
enriched in merozoites relative to other stages of the asexual 
cycle (Fig. Le). 

The single cDNA insert of the clone Agl3 was purified and 
sequenced by the dideoxy method'’. The cDNA was 979 base 
pairs (bp) long and hybridization studies confirmed that it was 
derived from clone Agi3 (data not shown). The nucleotide 
sequence and derived amino acid sequence of a portion of the 
cDNA are shown in Fig. 3. The sequence contains a highly 
ordered region, composed of five exact repeats of a 24-bp 
sequence encoding a strongly acidic octapeptide, Glu-Glu-Asn- 
Val-Glu-His-Asp-Ala. Immediately 3’ to this the glutamic acid, 
asparagine and valine codons are arranged in repeating 12-bp 
units interspersed at irregular intervals by a related 9-bp unit. 
The 12-bp unit, of which there are at least 25 exact repeats. in 
the Agi3 cDNA, corresponds to half of the 24-bp repeat, All. 
codons are exactly conserved except for third position’ variqtion | 
in the valine codon, but this does not alter the encoded amino 
acid. Repetitive subunit structures, but of constant unit: length, i 
have been described ites in the $-antigen of P. falciparum” 
and the surface coat of the Plasmodium knowlesi sporozoite 
The Agi3 Sequence appears to be conserved between isolates 
{see below), in direct contrast to the S- -antigen sequence, wW ich 
was demonstrated to vary between isolates”. 

The genomic organization of the gene encoding RE 
studied in three P. falciparum isolates, FC27 from Papua New: 
Guinea, KI from Thailand and NF7 from Ghana. DNA from 
each isolate was digested with restriction enzymes, size-fraction-. 
ated and transferred to nitrocellulose. The filters were probed | 
with ’P-labelled Agl3 DNA (Fig. 4). At moderate stringency 
(2 xstandard saline citrate, 65 °C) the probe hybridized ta. DNA 
in all tracks, with several bands of hybridization in each track 
(Fig. 4a). The genomic organization appeared largely to* be. 
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Fig. 3 Nucleotide sequence and predicted amino acid sequence 
“of the Agl3 cDNA. The dideoxy chain termination method’? was 
used for sequence determination. The Agi3 EcoRI cDNA fragment 
2: was subcloned into M13 mp9 (ref. 27) in both orientations and 
vee sequenced. The sequence shown starts 73 nucleotides 3° to the 
; EcoRI site in the cDNA, but only the repetitive portion of the 

5 : sequence is shown. 












conserved in all three isolates. For example, there are common 
at 26, 11.8 and 6.4 kilobases (kb) in the EcoRI digests, 
unique bands in K1 of 7.5 and 9.8 kb. There was no 
i tion to DNA from a human fibroblast line prepared 
obed in similar conditions, demonstrating that RESA is 
a ‘product of P. falciparum (data not shown). When the P. 
: “falciparum DNA was probed at high stringency (0.2 x standard 
< saline citrate, 65°C), only one band of hybridization was seen 
-in each track (Fig. 4b) and this was identical for all isolates. 
“This suggests that DNA sequences partially homologous to 
¿RESA occur in the genome. Whether these represent 
udogenes or functional genes that have diverged in sequence 
not Known. 
: e data here show that this 155K MW antigen is located on 
the. surface of the ring-infected erythrocyte, and is also present 
‘in mature schizonts. The light microscopic studies cannot 
inequivocally locate RESA on the surface of the merozite. 
ver, a plausible model is that this protein is synthesized 
n schizogony in the developing merozoite and after schizont 
pture. is carried to an uninfected erythrocyte where it is either 
pped from the merozoite or actively secreted during invasion, 
ning for some time on the erythrocyte surface. De novo 
esis of a 155K protein by the ring parasite, with subsequent 
ft to the.erythrocyte membrane, seems unlikely in view 
r failure to detect RESA on parasites within the ring- 
i feared. erythrocytes, and also our failure to detect specific 
yhes of proteins of this molecular weight by ring para- 


























he ‘exposed location of RESA on the surface of the infected 
hrocyte presumably makes it vulnerable to immune attack. 
RESA antibodies are found in some sera from immune 
humans—indeed this was the basis for the initial detection of 
Jone Agi3 (ref, 5) An immune response:to the RESA could 
interfere with merozoite. invasion or prematurely lyse recently 
ed cells, a previously unsuspected. effector mechanism 








ing against malarial infection. This antigen may therefore 





by Agl3 cDNA under moderate and high stringency. EcoRI digest 
of FC27 DNA (lanes 1); K1 DNA (lanes 2); and NF7 DNA( 
3).. Hind lL digest of FC27 DNA (lanes 4) KI DNA (lanes 5) i 
and NF7 DNA (lanes. 6). P. falciparum parasites. from’ in vitro: 
culture were collected and concentrated by lysis in 0.15% saponi 
solution’. The cell pellets were dissolved in 6 M guanidine hydr 
chloride, 0.4 M sodium acetate pH 5.2. The DNA was twice bande: 
in CsCl gradients then dialysed against 10 mM Tris pH’ 8). 
EDTA. Aliquots of 3 pg were incubated with. either EcoRI 
Hind! and the digestion. products electrophoresed in : 
agarose gel, The DNA:was transferred to nitrocellulose’ 
filters baked in vacuo then prehybridized in 5 xSSC, 50 
mamide, 50 pg mi! salmon sperm DNA, 10 pg ml”? Poly( 
| x Denhardt’s solution. Purified Ag16 cDNA was labelled b 
translation and hybridized to the filters at 10° c.pami<per m 
42°C. The filters were washed in 2x SSC (a) or 0.2 xSSC ®) é 
65 °C.and autoradiographed. 








have a role in protective vaccination. However, not all portio 
of the molecule may be equally immunogenic. We postul 
that the extreme variability of repeat sequences in, S; antl 
was a mechanism to thwart strain-specific immunity”: "s. In ; 
trast, the apparently conserved repetitive structures of the RE 
may have a different role in immune evasion. Haptens. den 
packed on an antigenic molecule can mask an immune: resp 
to a different hapten on that same molecule!” 
“intramolecular competition’ may enable. the immunodom 
repeat units of the RESA effectively to inhibit responses to oth 
regions of the molecule. Consistent with this is the demonstra 
by Southern analysis that repeat units (Fig. 3) are confined 
the 3° end of the RESA, entirely within the Ag!3. cDNA, 
the remaining portion of the molecule (~80%) contain: 
homologous sequences (data not shown). Expression of 
tive and non-repetitive segments of RESA in E. coli will. 
this hypothesis to be tested directly. 

We thank G. F, Mitchell for helpful discussions, K. 
A. Edwards, J. Thomas, M: Horsfield and Sheevaun | 
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‘usion of myeloma cells and B lymphocytes to form hybridomas 
ich produce monoclonal antibodies has been a major advance'~ 
ut the poor efficiency and randomness of viral or polyethylene 
col fusion téchniques generally gives poor yields of specific, 
igh affinity antibodies. High voltage electrical fields with dielec- 
phoresis to ensure cell alignment can fuse a limited number of 
sls under direct microscopic examination*”, but it is not possible 
dentify B-cells destined to secrete relevant antibodies. However, 
elis express, on their surface, antigen receptor immuno- 
ülins of the same antigenic specificity as the secreted anti- 
ies. Binding of antigen to surface immunoglobulins stimulates 
roliferation and differentiation of B-cells into plasma cells. Here 
report the use of the selective, high affinity interaction of antigen 
ith surface immunoglobulins on B-cells to facilitate a close 
nce to myeloma cells. The antigen, covalently conjugated 
din, binds to. the surface immunoglobulins on B-cells. This 
l—antigen—avidin complex binds to biotin covalently attached 
he surface of myeloma cells. An intense electric field across a 
‘cell suspension then produces selective fusion of cells in 
ct, that is, of myeloma cells with B-cells which make the 
priate antibody. We have used. this technique with several 
s, and all resultant hybridomas secrete appropriate anti- 
with very high affinity. 
gen is linked to avidin via a small cross-linking molecule, 
-difluoro-2,4-dinitrobenzene (DFDNB). In this procedure it 
ssential that.an adequate number of antigenic sites remain 
to interact with the B-cells. Also, non-productive conjuga- 
between avidin molecules or between antigen molecules 
be minimized. Finally, it is necessary to preserve at least 
biotin binding site on the avidin molecule. Therefore, the 
igen-avidin conjugate is prepared using an immobilized, 
binding analogue of biotin, iminobiotin (Fig. la). 
din is mixed with a large excess of iminobiotin coupled to 
in order to minimize avidin-avidin cross-linking. 
din is then washed away. The bound. avidin is 
-fold.excess of DFDNB, which provides a large 
i es for antigen on the avidin molecules. 
wing washing to remove unbound DFDNB, anti- 
5 dded to ‘the activated avidin paund to iminobiotin- 








The antigen—avidin complex i As 
pH 4 buffer. The conjugate now hasat least one active biotin 
binding site. 

The antigen—avidin conjugate is reacted with B-cells obtained. ; 
from mice that have been immunized with the appropriate. 
antigen. This reaction is conducted at 4°C to prevent capping. 
and internalization of the conjugate. The B-cells are then washed 
to remove unbound conjugate. Myeloma cells are reacted with. 
an N-hydroxysuccinimide derivative of D-biotin. This procedure’ 
is gentle and myeloma cell viability is preserved. The myeloma 
cells are washed to remove unreacted biotin. The myeloma and 
B-cells are then incubated together at 4°C to permit adhesion 
of the biotinylated myeloma cells with those B-cells having 
antigen-avidin conjugate bound to their surface immunoglo- 
bulins (Fig. 1b). A wide range of cell type ratios can be used. 

The cells are suspended in sucrose and then exposed. to -a 
transient electric field generated by a high voltage pulse gen- 
erator (Cober Electronics). To avoid severely damaging the cells, 
isosmotic sucrose is used because of its low electrical conduct- 
ance. A cell suspension is used in order to minimize random 
fusion of cells. To establish that the avidin-biotin conjugate is 
required for efficient cell fusion, we attempted 30 fusions using 
immunized or non-immunized mice under our standard experi- 
mental conditions but omitted the avidin-biotin conjugate pro- 
cedure. Under these conditions the fusion frequency of cells is 
less than 107°. Typically, 0.15 ml of a suspension containing 
about 10’ myeloma cells and 10” B-cells is exposed to four 5 us 
pulses at 4kV per cm. The instrument used to fuse cells has 
been described previously'”''. Following fusion, cells are plated 
at about 10° cells per well into plates seeded with about- 10 
murine peritoneal macrophages per well. The medium contains 
aminopterin, which selects for hybrids'*. Wells with growing 
colonies are screened for antibody production. 

In our initial studies, monoclonal antibodies were raised 
against rat lung angiotensin-converting-enzyme (ACE). We used 
two different immunization procedures in separate studies of 
antibody formation to ACE. In the first study (fusion A), a C57. 
BL/6 mouse received an intraperitoneal (i.p.) injection of crude 
rat lung membranes followed by a second injection four weeks 
later. After another two weeks, 2g of pure rat lung ACE. 
(prepared by a modified method'*) was injected intra- 
peritoneally. Three days later the spleen was removed and the 
cells were fused. In a second experiment (fusion B), a C57 BL/6 
mouse received two i.p. injections of pure ACE (2 wg) five days 
apart. Three days after the second immunization the spleen cells 
were fused. 

Half of the cells from fusion A were plated into 72 wells. A 
total of 31 wells produced growing hybrids after 6 weeks, and 
all wells gave evidence of antibody formation against ACE (Fig. 
2). Half of the cells from fusion B were plated into 144 wells. 
Eleven wells showed cell growth and again all of these wells 
produced antibodies to ACE (Fig. 2). Examination of) wells 
containing growing hybrids from fusion A and fusion B revealed 
only a single growing colony in each well. We cloned the 
hybridomas twice by limiting dilution'* z e 

Subclass specific antisera were used to deterth the. 
immunoglobulin subtypes of 31 monoclonal antibodies. A spec- 
trum of subtypes was generated: two were IgM, one was IgGl, 
one was IgG3, and the rest were either IgG2a or 1gG2b. One 
antibody had A light chains, the remainder reacted with anti-« 
antiserum. Gel electrophoresis of six purified monoclonal anti- 
bodies revealed in all cases, a single light chain of mi 
weight 20,000-25,000. For three of the antibodies, the pe 
chain appeared as'a doublet. These were all of the y2b subtype. a 
These results confirm the diversity found in the subclass typing 
experiments, and indicate that the antibodies examined were 
not derived from the same B-cell. 

Monoclonal antibodies normally have lower antigen binding 
affinities than polyclonal antibodies raised against the same 
antigen. Since fusion of myeloma cells and lymphocytes in our 
study depended ‘on antigen-antibody recognition, we reasoned: 
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‘Scheme for obtaining specific cell-cell adhesion: a 
paration of antigen-avidin conjugate. b, Biotinylation 
f myeloma cells and specific adhesion to B-cells. 
ethods: a, Iminobiotin=Sepharose (0.1 mi gel containing 
L pmol iminobiotin), previously reacted with DFDNB and 
“glycine, is incubated with avidin (10 nmol) for 2h at 20°C. 
The resin is washed with 10 ml 0.1M Na borate buffer 
=o (pH8.5) and Í pmol of DFDNB dissolved in 10 pl 
<io methanol, then washed off after 10 min at 20°C. Pure anti- 
-gen (1 yg) is reacted with the activated immobilized avidin 
(>for 12-heat 4°C. After removal of unbound antigen, glycine 
(0.1. pmol) is added to block the remaining reactive sites. 
The antigen-avidin conjugate is eluted from the resin with 
“0.2'ml'50 mM citrate-phosphate (pH 4). b, 107-10° Myeloma 
















“saline, resuspended in 5 ml buffered saline and incubated 
‘with N-hydroxysuccinimide (NHS) linked to biotin ($x 
J“? mol dissolved in 50 yl dimethylformamide) for 1 h at 
o4°C, Cells are extensively washed with cold Dulbecco's 

modified Eagles medium (DMEM) containing 
deoxyribonuclease I (DNase 1) (50g ml!) to remove 
unbound biotin. Spleen cells from an immunized mouse are 
incubated with the antigen—avidin conjugate in 5 ml DMEM 
‘or 4h at 4°C. Spleen cells are washed with cold DMEM 
ontaining DNase I to remove excess conjugate, mixed with 
inylated myeloma cells and centrifuged at 200 g for 5 
n. The pellet.is then incubated for 3 h at 4°C and washed 
“DMEM containing biotin (10°° mol ml7') and 
ase L. The excess biotin is added to terminate the cross- 
inking process and prevent the formation. of multicellular 
ggregates. Cells. are ‘finally resuspended in isosmotic 
ucrose containing 2 mM NaK phosphate (pH 7.2) adjusted 
0 290 mosmol and fused by four exposures to 4kV em” rl 

for 5 ws at 30°C. 


















that hybridomas should produce high affinity antibodies even 
with spleen cells obtained during a primary response. Accord- 
< ingly, we evaluated the affinity of our monoclonal antibodies 
for ACE. Their affinities (defined by the concentration of anti- 
body required to bind 50% of added '**I-labelled ACE) ranged 
7EM to. 107° M. This high affinity was confirmed in 
| kinetic experiments with antibodies A4 and A24, which bound 
to '**I-labelled ACE with half lives of about 13 min; the reaction 
-- Was. completed. in 30min at 35°C. Dissociation rates were 
obtained by incubating antibody bound to Staphylococcus aureus 
-cells with excess '**I-labelled ACE to equilibrium, removal of 
_ free '?*I-labelled ACE and addition of unlabelled ACE in 1,000- 
fold excess over bound '**I-labelled ACE. The half life for 
_ dissociation at 35°C was ~3 h for antibody A24 and about 8 h 
-for antibody A4. 
"The specificity of the anti-ACE antibodies was established 
by a Western blot analysis (Fig. 3). Crude rat lung extract 
: (containing ACE) was subjected to SDS-gel electrophoresis and 
transferred to a nitrocellulose membrane. Strips of the mem- 
rane were reacted with the various anti-ACE monoclonal anti- 
ï dies and then stained with peroxidase conjugated to rabbit 
2 i-mouse antibody. In all cases the anti-ACE antibodies reac- 
| “with only a single band which corresponded to authentic 
'E: As ACE concentration in the rat lung extract was less 
than 0.1% of total protein, this experiment demonstrates the 
“high specificity of all the monoclonal antibodies examined. 
“To assess the general applicability of this technique, we have 
„also used it to develop monoclonal antibodies against 
enkephalin convertase, an enkephalin-forming carboxy- 
peptidase’, and against the nine-amino acid peptide, 
© bradykinin. A mouse received an i.p. injection of 2g of 
phalin convertase mixed with complete Freund’s adjuvant 
wed five days later by another injection of 2pg of 
halin convertase alone. Three days later its spleen cells 
inked to avidin—-enkephalin convertase and fused with 
ted myeloma cells. Four wells. containing growing cells 
tained out of a total of 72 wells..All four wells had 
ibody activity against enkephalin convertase, as. measured 
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Fig. 2 Screening for anti-ACE activity. Supernatants. (0.2 m 
from wells with growing hybridomas (31 from fusion A’and 

from fusion B) were incubated with '’*I-labelled ACE (2 pg coi 
sisting of about 50,000 c.p.m.) in buffer containing 50 mM 
HCI, 0.2 M NaCl, 0.1% (w/v) Triton X-100 (pH 7.7) for 2 
35°C. Rabbit anti-mouse IgG (2 yg) was added and incubat 
l h at 37°C followed by addition of S. aureus cells (2.5 mg 
incubation for ih at 37°C. The suspension was poured” 
Whatman GF/B filters, washed with 10 ml of buffer, and t 
radioactivity determined. Positive controls consisted of a. 
antiserum'®, provided by Dr R. L. Soffer, raised against ACE an 
diluted as follows into normal goat serum: 3,000-fold (a), 10,000 
fold (b), 30,000-fold (c), and 100,000-fold (d). Negative contro 
were normal mouse serum diluted from 1,000 to 100,000: (not 
shown) and a mouse IgG2a monoclonal antibody produced against 
a toxin from Russell viper venom (g). In either case, the amoun 
of bound radioactivity was typically 300 c.p.m. with less. than 5% 
standard deviation. Colonies developed between 15 days to 4 weeks 
after the fusion. Data shown here representgthe. anti-ACE activity 
in confluent wells. After 8 weeks, all wells containing growing cells, 
when assayed with 10 pg of ias), labelled ACE, had- antibod 
activities at least five-fold greater than the negative control. Som 
clones had longer doubling times, up to 20-30.h. However, an 
body concentrations were usually 1-5 pgm!’ when cells were 

confluent. : 













 Fig.3 Specificity: of monoclonal antibodies staining crude rat 
lung extract transferred onto a nitrocellulose membrane after SDS- 
polyacrylamide gel electrophoresis. Rat lungs were homogenized, 
extracted (5 mi per g tissue) with 50mM Tris HCI, 0.2M NaCl 
and 1%» (w/v) : 3-[(3-cholamidopropyl)-dimethylammonio]-!- 
ropane-sulphonate (CHAPS) (pH 7.7), and dialysed to remove 
the detergent. The extract was electrophoresed ona 7.5% polyacryl- 
amide gel, then electrophoretically transferred to a nitrocellulose 
membrane which was incubated with 20% calf serum for 1h at 
20°C, and cut into strips. The strips were incubated for 4 h at 20°C 
ith purified antibodies from 6 cloned hybridomas—A4, A6, A23, 
A26, and A28 (lanes 1-6, respectively) and washed 3 times 
$ :20mM Tris HCI, 0.2 M NaCi and 0.1% (v/v) Tween-20 

HE77) A second antibody linked to peroxidase was used to 
sualizé mouse-antibody bound to the strips. A negative control 
{lane 7Y was a, mouse IgG2a monoclonal antibody raised against 
i toxin: in Russell viper venom. The total protein present is 
emonstrated with a strip (lane 8) not incubated in serum but 
stained with 0.02% amido-black in methanol/acetic acid/water 
(50:10:40). 


depletion of soluble enzyme activity with antibody precipi- 
ated by.S. aureus cells (manuscript in preparation). To develop 
bodies to bradykinin, a mouse received an initial injection 
~20 ug of bradykinin conjugated to human albumin mixed 
th omplete Freund’s adjuvant, followed five days later by an 
injection of the bradykinin—albumin conjugate alone. Spleen 
ils were fused three days later using a bradykinin-avidin 
njugate. Seven wells (from a total of 120 wells) contained 
ing cells; and all demonstrated antibody activity to 
nin as determined by radioimmunoassay using 
thionyl-lysyl- bradykinin labelled with '*°1 (Bolton—Hunter) 
ipt in preparation). 
ning of these antibodies involved immunoprecipitation 
aureus cells at 35 °C, in filtration or centrifugation assays. 
ese conditions, immunocomplexes with affinities that 


“complexes with Ky values greater than 10°* M are not 
ectable'*. This indicates that the anti- -bradykinin and anti- 


Toc co aban that hybridomas formed by our technique result 
m antigen-antibody recognition, we performed the following 
eriment. A pure F(ab’), fragment of sheep antibody raised 











resultant hybridomas secreted mouse IgG (data not she wn). No. 
hybridomas were obtained when fusion was performed without” 
a cell cross-linking conjugate. Pe 

Previously, electric field-induced cell fusion, with pronase: 
treatment and dielectrophoresis to promore cell adhesion has not, 
yielded monoclonal antibodies”. In initial experiments, with. 
concanavalin A or pronase to elicit cell adhesion, we obtained: 
fusion frequencies of 107—1077, which is 4,000~5,000 times the . 
frequencies obtained with polyethylene glycol (manuscript in 
preparation). Furthermore, most of the hybridomas produced 
by electrical fusion, like other techniques, secreted mouse. 
immunoglobulins. However, for the production of monoclonal: 
antibodies, the resultant millions of growing colonies would 
pose a vast problem for screening. Accordingly, we deliberately ` 
reduced the frequency, of cell fusion by diluting the cell sus- 
pensions and by avoiding agents which promote nonspecific cell 
adhesion. Instead, antigen-antibody recognition selects a small » 
number of heterokaryons which secrete antibodies with high 
affinity for the antigen. The high affinity antibodies obtained to 
the enzymes ACE and enkephalin convertase and to the peptide, 
bradykinin, confirm the feasibility of this procedure and. also | 
indicate its general applicability. 

The present technique provides a number of advantages over 
existing procedures. Very small amounts of antigen can be used. 
In conventional techniques for producing monoclonal anti- 
bodies, hyperimmunization with large amounts -of antigen is- 
usually attempted before fusion, in order to elicit a secondary 
response with antibodies of reasonably high affinity. In contrast, 
our procedure provides high affinity antibodies of mainly the 
IgG type from a primary response after immunization with 
minute quantities of antigen. This apparently occurs because of 
the selection by the avidin—antigen conjugate, of those few high 
affinity immunoglobulin secreting cells which are stimulated to. 
proliferate during a primary response. The specificity of this cell 
fusion technique provides a great reduction in the number of 
growing hybridomas that must be screened for antibody produc-. 
tion. With the present procedure, using the appropriate antigen- 
avidin conjugate, all hybridomas formed produce desired ‘anti- 
bodies. 
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The basic structural organization of the genes coding for vertebrate 
tetrameric haemoglobins and monomeric myoglobin has been 
‘strictly conserved throughout the past 600-800 million years of 
evolution’. The occurrence of introns both in plant leghaemoglobin 
genes’ and in vertebrate globin genes suggests that an exon- 
intron configuration may have already existed in the ancestral 
"globin gene from which all contemporary genes of the globin gene 





“family evolved’. We report here the first analysis of invertebrate 


~ “globin genes. Four closely linked globin genes have been isolated 


` from a genomic library of the insect Chironomus thummi thummi, 


amd characterized. Genes A and B, which are transcribed from 
< opposite DNA strands, encode haemoglobin III (ref. 7), while 
< genes C and D code for haemoglobin IV (ref. 8) and are also 
» transcribed from different DNA strands. Surprisingly all four 
: -globin genes lack any intervening sequences, The genes have all 
-the characteristics of productive globin genes and are expressed 
in vivo. The 5' end of the C. t. thummi globin genes encodes an 
rminal signal peptide which is not present in mature 
joglobins. This is ‘consistent with the observation that these 
emoglobins represent secretory proteins, synthesized in the lar- 
al fat body and subsequently secreted into the haemolymph””’. 
The aquatic larval stage of the midge C. t. thummi (Diptera) 
possesses at least 12 different haemoglobins which are found 
free in the haemolymph. The amino acid sequences of the 
individual haemoglobins have been determined’*!'~*. Five are 
monomers (components I, IA, HI, HIA, IV), six are homodimers 
(components IIB, VI, VHA, VHB, VHI, IX) while component 
=X has both monomeric and dimeric properties. The monomeric 
~~ haemoglobins resemble myoglobin while the homodimeric 
haemoglobins emerged later in evolution”! and can be regarded 
288 intermediates between monomeric and tetrameric haemog- 





È To obtain a hybridization probe specific for larval globin 
a sequences, *?p.jabelled cDNA was prepared from larval 8-14S 
poly(A)” RNA enriched for globin mRNA (see legend to Fig. 
<: Tjen addition, double-stranded cDNA was prepared from 

“8-148 poly(A)" RNA and cloned”? in pBR322 as previously 
described*’. Two independent cDNA clones were identified, by 
DNA sequencing, as coding for haemoglobin IH (ref. 7) (data 
oc notshown). The genomic library used in this study was prepared 
i by. cloning partial EcoRI digests of C. t. thummi chromosomal 
DNA in the A vector Charon 4A (H. Baumlein, unpublished 


“awork). Approximately 280,000 recombinant phage of the 


genomic library were screened”! for clones containing globin 

‘gene sequences. From 94 independently derived positive recom- 
-binant phage, 22 clones showing the strongest hybridization 
‘signals were plaque-purified and further investigated with 


«| Fespect to their DNA restriction pattern and coding potential, 


- ‘A detailed restriction map was established for one selected clone, 


| €ttG-1 (Fig. 1). The 15.5-kilobase (kb) CttG-1 insert DNA 


consists of seven HindIII restriction fragments, three of which 
hybridize to labelled cDNA prepared from larval 8-14S 
poly(A)* RNA as well as to cloned globin III-specific cDNA. 
"These are the 0.7-kb EcoRI-—HindIll fragment adjacent to the 
» cleft phage arm (marked A in Fig. Ic), the 3.7-kb HindIII 
- fragment (B, C) and the 0.945-kb HindIII fragment ( D), respec- 
«tively. Fine restriction mapping of the 3.7-kb HindIII fragment 
“revealed the presence of two separate globin gene sequences 
- (B,C). Due to the similar amino acid sequences of haemoglobin 
-< HI and haemoglobin IV (83% homology)*, genomic sequences 
‘hybridizing to globin II-specific cDNA are expected to code 
ither haemoglobin: IH or haemoglobin IV. 
è have determined the entire nucleotide sequence of the 
5-kb “Hindlil (CD). fragment (Fig. 2) according to the 


-sequencing strategy out ined i in Fig. F The deduced ami 


sequence corresponds exactly with that reported» for haem 
globin IV*. Inspection of the gene sequence (Fig. 2) reveals thi 
the conserved exon-intron configuration of vertebrate glo 
genes or of plant leghaemoglobin genes does not exist ir 
insect globin gene. The C. t. thummi globin IV gene lacks ini 
and thus represents a unique exception among all produc 
globin genes analysed so far. This globin gene has otherwise a 
the characteristics normally attributed to functional genes. cod 
ing for proteins. The coding region of the gene is flanked b 
46 base pair (bp) 5’ noncoding region and a 81-bp 3’ noncod 
region. Regulatory sequences present in most eukaryotic ge 
are also conserved in the C. r. thummi globin IV gene. In: 

3’ noncoding region, the T residue of the AATAAA seque 
precedes the polyadenylation site by 22 nucleotides, wi 
the 5’ flanking region the TATA box’ is located 30 bp 
capping site (Fig: 2). The absence of the CCAAT box” 
position —70 to ~80 is not unexpected as this sequence is : 
not present in the 5’ flanking region of adult duck. a- globi 
genes™® or the seal myoglobin gene’. 

At the 5’ end of the C. t. thummi globin IV gene: ther 
region coding for an amino-terminal signal peptide. Thi 
characteristic of secretory proteins™”?. The aminoacid seque: 
of the mature C. t. thummi globin IV starts with the 
Leu-Thr-Ala (ref. 8), However, the only initiation codon 
in the region spanning the cap site to codon 1 of the 
globin is located 45-43 bp 5’ to codon 1 (Fig: 2) and allow: 
in-phase reading of the adjacent signal peptide and the. 
globin. We therefore assume that the primary translation prod 
of C. t thummi globin IV is a preglobin which: carries 
amino-terminal extension of 14 amino acids, 13 of which 
hydrophobic. It is not clear whether the AUG triplet represent 
a translated initiation codon as, for instance, in the cas 
preconalbumin and pretransferrin®>, The hydrophobic lead 
peptide is probably responsible for the vectorial transp 
globin IV across the endoplasmatic reticulum®'”*. These d 
are consistent with earlier studies suggesting. that fal t thur 
haemoglobins are synthesized in the larval fat body and ‘suk 
sequently secreted into the haemolymph as free molecul 
Moreover, there is indirect evidence that C. t. thumni gl 
are synthesized as preglobins’®, 

In many eukaryotic genes coding for secretory protei 
sequences specifying the signal peptide and the mature prot 
are separated by an intron”. It is interesting that in the 
thummi globin IV gene neither the signal peptide nor the mat 
globin is encoded by separate exons. 

We have also determined the complete DNA sequence 
three other globin genes (designated A, B, C in Fig. 1), includ 
at least 50 nucleotides of their respective 5’ and 3" flank 
regions. These results are not presented here because sequ 
have largely been obtained for one DNA strand only: Gene 
and B both code for haemoglobin II, and are transcribed 
opposite directions, while genes C and D encode haemoglo 
IV and are also transcribed from different DNA strands | 
1). The deduced amino acid sequences are in complete ac 
ance with those previously reported for haemoglobins IH 
IV°. As judged from their DNA sequences and putative 
regions, genes A, B, and C also represent functional gene 
are devoid of introns. In C. t. thummi haemoglobin TIT 
threonine or isoleucine is found at position 57 (ref. 7). We fin 
that gene A codes for threonine at position 57 and gene Bf f 
isoleucine. Thus, the two haemoglobin III components a 
encoded by two non-allelic genes. The derived amino aci 
sequence of the signal peptide is identical in the four distin 
globin genes except for a single replacement (Phe to. Lew 
position —13 of globin gene D. The tandem arrangement 
these four globin genes, which encode two different but close 
related globins, reflects the duplication of an ancestral glo 
gene approximately 40 million years (Myr) ago”! and subsequ 
divergence to globin genes III and IV. ae 

Although the four globin genes investigated have a 
characteristics of normal functional globin genes, it: 











































































ophage CttG-1 and sequencing” 





f; Ka- oe eh ae oe : ae 

trategy to determine. the: primary z Sdi ao mn a kee 
ucture of the- gene. coding for v v v v e 
Pi ARAT ee a * s. bed E oe g€ (eg co = E 

in FV. a, Scale in kilobase pairs S g eg E 7# $ z 


. b, Restriction map of the 15.5- Hos 
kb DNA insert. c Enlarged rep- b. Ets Pe EE | ae Oe ce | RECON CNN COS irs 
resentation of the insert. DNA which / Š 

‘carries the four globin genes. The : 
boxed segments marked A, B, Cand c | A B C D | 
D. represent DNA regions which [a a aaa aaa 
hybridize to cDNA prepared from 
arval 8-148 poly(A)* RNA as well 
as to cloned globin II] cDNA. 
orizontal arrows. indicate the 5’ to 
direction of transcription. d, Fine | 
tructure and sequencing strategy for 

the 0.945-kb HindIII fragment (D) 5° 

‘which carries a C. t thummi globin d 
TV gene. The coding sequence (solid 





Hind III 
me Hind Ir! 
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box) and the 5’ and 3' noncoding l {| | | 
regions (open boxes) are indicated. ~ e a ia m D 
Scale in bp for d, = è os S = 
lethods: Total RNA was isolated 2 a 2 = p 
rom red C.. t. thummi larvae as pre- = AO, Se = 
iously described so, enriched for rrr , ed 
poly(A)” RNA and fractionated by Oe ee 
wcrose gradient centrifugation. i ee pT) 


Aliquots. of the gradient fractions 
were assayed for the presence of 0 200 460 
globin mRNA by translation in a cell- Ee nT ce i Sanne fy 
ee wheat germ system (BRL). S- 
belled C. t: zhummi globins were Ea E 
entified by their similar migration with authentic C. t thummi globins on polyacrylamide gels*'. The slightly different mobilities observed 
uthentic globins and globins synthesized in vitro from globin mRNA indicate that probably all ©. t thummi globins are primarily 
esized as preglobins (data not shown, see Fig. 2). Fractions containing globin mRNA were isolated from the 8-148 region of the sucrose 
ient and used for the preparation of cDNA. dC-elongated double-stranded (ds) cDNA was prepared and cloned in the dG-elongated | 
stl site of pBR322”* as previously described”*. Two independent cDNA clones were identified, by DNA sequencing’, as coding for C t. 
‘hummi globin JE *P.labelled single-stranded cDNA (prepared from 8-145 poly(A)” RNA) and **P-labelled nick-translated globin IH 
ascDNA served as probes for the identification of globin gene sequences within the selected genomic clone, CttG-1™. The restriction map of 
CitG-1 was established by single and double digestions as well as with partial digests of end-labelled DNA fragments** using the 8.7-kb 
coRI-Xhol fragment and the 6.8-kb EcoRI-Xhol fragment, each labelled at the single EcoRI site. The 0.7-kb EcoRI~HindII fragment (AJ; 
the 3.7 kb-HindIll fragment (B, C} and the 0.945-kb Hindlll fragment (D) were subcloned in pBR322 and a detailed restriction map of the 
hybridizing DNA regions obtained. For the determination of the transcriptional orientation of the individual globin genes, a 5.3-kb. EcoRI- 
HindIII fragment carrying the four globin genes (Fig. 1c) was derived from the 8.7-kb EcoRI-Xhol fragment by partial HindIII digestion 
nd subcloned in pBR322. The presence of single Avall restriction sites in each of the four globin genes at codon 44/45 allowed the dire 
termination of the transcriptional orientation by DNA sequence analysis. DNA sequencing was performed according to Maxam and Gilbert™, 
using 5’ end-labelled (open circles) or 3' end-labelled (closed circles) DNA fragments. Arrows (d) indicate the direction and extent of DNA 
equencing. 
ig. 2 DNA sequence of the C. 1. 
thummi globin gene coding for globin 
region D in Fig. 1). The derived 
amino acid sequence, including the 
no-terminal signal peptide, is 
own on. a line above the coding 
uence. Conserved sequences in 
the 5‘ flanking region (TATA box) 














5! CITTATTTATGTGGAAATTTTITTTCCAGAATATCOARCAGAATATC 
-200 i 
ACTAGTATTGAAAAAGAGGTAATTAAATAAGC TCARATTATTATAGAGTTIGTTGACCTTTTC TAATGATTATG TGGTITGAAAACAG TAARAAAAACAAAATAGAR 
~100 -30 ~l 
AATC TCTTTTGATTGCATAACGATGTTTCTTATC TCACAGCTTTTCACAATAATGICTIC TCAAAATTTTTAAGTATAAATGGAGCACARATTTCGATAGTAAATC z 


a + n rn i -it atgnal peptide wd 
in, the 3 noncoding region capping atte lya leu leu ile leu ala Lew oye phe ala ela ala ger ala 
AAA). are underlined. AGTICTTCARTTCGTITCAAAGTTGTAACTICACAAACCAATCAAA ATG AAA CTC CTC ATT CTT GCC TTG TGC TTC GCC GCT GCC TCA Ect 


ds: The $’ and 3’ ends of the — , 10 20 a 

: j i i lau thr ala aep gin ile ser thr val gin eer ser phe ala gly val tye gly aap ala val gly tle teuityr ala 
“ae defined by the capping site TTG ACT GCT GAC CAA ATC AGC ACA GTC CAA TCA YCA TTT GCT GGA GTT ARG GGA GAT GCT GTT GGT ATC CTC TAT GCG 
he poly(A) addition site). were te cr 


nined by ; 30 40 : A SE S 
j termined by S; nuclease protection phe lys ata asp pro ser ile gin ala lys phe thr gin phe ala gly lya asp Len aep ear ile tye giy den ala aap 
previously TTC AAA GCT GAT CCA TCA ATC CAA GCC AAA TTC ACA CAA TTC GCT GGA AAG GAC CTC GAC TCA ATG AAG GGA TCA GOT GAT 
site of the 60 70 eee T 


phe ser ala hia ala asn Lya tle val giy phe phe ser lya tle tle gly asp lau pro aan tle aep gly asp val thre. 
TTC TCA GCT CAT GCC AAC AAA ATT GTC GGA TTC TTC TCA AAG ATC ATC GGA GAC CTT CCA AAC ATT GAT GGA GAT GTC ACC 






ae 100 i 
thr phe val ala ver his thr pro arg gly val thr his asp gin leu aan aan phe arg ala gly phe val se 
ACA TTC GTT GCC TCA CAC ACA CCC CGT GGA GTT ACA CAT GAT CAA TTG AAC AAC TTC CGT GCT GGA TTC GTE A 


410 120 130 
lye ala hie thr aep phe ala g 
& 


ala glu ala aia trp gly ala thr lew asp ala phe phe gly. met vet: ale lye, 
AAG GCT CAC ACC GAC TTC GCT 


ly phe 

GA GCC GAA GCT GCC TGG GGT GEA ACT CTT GAT GCT TTC TTC GGA ATG GTC THO GEC ARG 
aoe polytA) addition aite i 
ATG TAA ATCTTTTAAATATCAATGATATTYATTAGTAGTGCCTTAATT TATGACAAACATGGAAA TAARAAAAAATAICGTTTATOTTTARATITITOUIGITT 








ctrophoresed together with. TATCTTGAATTTCCTATGACTTATTGGARAAAGATTTCAGAACGTIGATTGTACTTGTTTATAGIGAAGCATATAATTCTCAAGC 3° 
Gilbert. chemical cleavage 
of the corresponding DNA 





- fragments. : - ; : ai ae at 






























Fig. 3 Restriction and hybridiz- 
ation analysis of A, cloned and B, 
““wncloned chromosomal C. t. thummi 
°DNA. CttG-1 DNA (20ng) or 
chromosomal DNA isolated from C. 
< t thummi larvae (10 wg) was digested 
“with various restriction enzymes, 
electrophoresed on a 0.8% agarose 
gel, transferred to a nitrocellulose fil- = 
“ter” and hybridized with the nick- 3.7 =» 
translated 0.945-kb HindIII frag- 
. ment (globin gene D in Fig. 1). The 
. filter was washed with 2xSSC at 
“60°C and exposed for 12h without 
intensifying screen (A) or for 48h 
with intensifying screen (B). The 
„danes contained the following DNA 
¿5 digests: a, EcoRI; b, EcoRI + Sall, 
“2 ¢, EeoRI + Hindi; d, Hindtll: e, 
EcoRI +Xhol; f, EcoRI + PstI; g, 0.9 œ 
< EcoRI + Avall; h, EcoRI + Poull. 








argued that they could represent processed pseudogenes, which 
~ are not expressed in vivo. To investigate this question, we deter- 
mined the copy number of each of the four globin genes. 
<= Restricted uncloned chromosomal C. t. thummi DNA, and the 
“cloned DNA insert of the recombinant bacteriophage CttG-1, 
were digested with various restriction enzymes and analysed by 
Southern blot hybridization, using the nick-translated 0.945-kb 
Hindill fragment (globin gene D in Fig. 1). Figure 3 shows 
‘that DNA fragments of the same size hybridize to the globin 
gene probe in both the cloned and uncloned genomic DNA. 
These results indicate that each of the four globin genes is 
~- probably represented only once per haploid genome. Thus, there 
`= appear to be no genes coding for haemoglobins III and IV in 
the C. t. thummi genome other than those carried on the recom- 
. binant phage CttG-1. Further evidence for the conclusion that 
globin gene D is transcribed in vivo stems from S, nuclease 
mapping experiments in which C. t. thummi globin mRNA was 
hybridized to DNA fragments of globin gene D extending from 
the unique Avall site (codon 44/45) to the 5’ HindIII site and 
'3' HindHil site (see Figs 1, 2). Figure 4 shows S, nuclease 
`- protection for the entire transcription unit of globin gene D. S, 
nuclease-protected DNA-RNA hybrids terminating within the 
coding region of globin gene D are also observed, probably due 
“to the interference of cross-hybridizing globin IH mRNA. We 
“have also compared the DNA sequences determined for the 
cloned globin II cDNA (codon 76-136, including 22 nucleo- 
‘tides of the 3’ noncoding region) with the corresponding DNA 
Ba sequences of globin genes A and B. We find identical nucleotide 
sequences for globin gene A and the cloned globin II] cDNA 
` while globin gene B differs from the globin HI cDNA sequence 
i by some silent substitutions in the coding region and a consider- 
-able divergence in the 3’ noncoding region (data not shown). 
Thus, by all criteria available, the four globin genes investigated 
hére represent normal globin genes which are expressed in vivo. 
ouiin Fig: 3, the EcoRI-HindII and HindIll-restricted CttG-1 
“DNA (A; lanes c, d) and genomic DNA (B; lanes c, d) show 
a hybridizing 3.2-kb fragment. This fragment has not been indi- 
ated as containing a globin gene in the CttG-1 restriction map 
: 1) because it did not hybridize to globin cDNA. These 
: results presumably reflect common DNA sequences in the 
ragenic region of the hydridization probe (region D) and the 
jacent: 3.2-kb HindIII fragment. _ 
< thummi haemoglobins are relatively slowly evolving 
-proteins which probably arose before the genus Chironomus 

































































itself evolved*'. The lineage leading to vertebrate an 
globins are thought to have diverged ~ 900-1000 Myrago’” 
of the ancestral monomeric components”', haemoglobin TIT, ha 
been extensively studied by physicochemical methods’*?”, D 
spite considerable amino acid divergence, the basic structura 
organization with respect to protein helices, haem pocket a 
haem contacts is similar in vertebrate and insect haemoglobi 

The unexpected finding of intron-less globin genes’: 
interest with regard to current ideas on the evolutionary origi 
of introns as well as to the correlation between exons and prot 
structural and functional units (see ref. 38 for a recent rev’ 
It is not clear at present whether eukaryotic genes acquired thei 
introns during evolution or whether the split gene organiza’ 
was already present in the common ancestor of prokaryotes a 
eukaryotes. The three-exon/two-intron configuration of vè 
brate globin and myoglobin genes predates the ‘gle 
myoglobin divergence 600-800 Myr ago'”*"°. The presence 
two introns in the vertebrate globin gene family and of th 
introns in plant leghaemoglobin genes, however, suggests tha 
a common ancestral globin gene possessed three introns® th 
third central intron being lost in vertebrates but retained in th 
plant leghaemoglobin. gene. It has been suggested that: 
leghaemoglobin gene became integrated into the so 
genome after horizontal transfer between insects and plant: 
Our finding that the C. t. thummi globin genes lack, int 
makes this possibility unlikely. 

The lack of introns in C. t. thummi globin genes cann 
be explained by convergent evolution of vertebrat 
Chironomus globins, because comparative amino acid’se: 
data indicate that the degree of similarity between C. t: 
globin HHI and human B-globin (16%) is only slightly lo 
than that found between human myoglobin and human -globi 
(23% ) or human myoglobin and lamprey globin (19% ). Conver 
gent evolution of proteins has been observed for catalytic fune 
tions but not so far at the level of amino acid sequence. 
An alternative explanation for the lack of introns inthe C. 


mRNA in germ-line cells may have produced intron-less’¢! 
that subsequently became integrated back into the genome” 


tional control elements, reintegrated genes are likely to be 
processed pseudogenes. If, however, the cDNA lines 
the gene from which it originates, a mechanism known 
conversion (reviewed in refs 45, 46) could remove intron 








"223 


Fig.4 -Globin gene D DNA fragments protected from S, nuclease 
digestion after hybridization with C. t. thummi globin mRNA, A 
482-bp DNA fragment extending from the 5’ HindIII site to the 
unique Avall site (codon 44) was 5’ end-labelled at the Aval site 
and a 463-bp DNA fragment extending from the Avali site (codon 
45) to the 3° HindIII site was 3’ end-labelled at the Avall site (see 
s 1, 2). After hybridization with 8-148 poly(A)* RNA, S$, 
nuclease-protected’ $ DNA-RNA hybrids were analysed on a 
ye acrylamide sequencing gel using ` ` P-labelled DNA fragments 

; size markers. Lane a, Alul-digested pBR322; lane b, Haelll- 
digested pBR322; lane c $,-nuclease-protected DNA fragment 
xtending from codon 45 to the poly(A) addition site (360 bp); 
ne d,S,-nuclease-protected DNA fragment extending from codon 
bye 44 to the capping site (223 bp). 


structural gene without affecting the transcriptional control 
‘ments. The elimination of one of the two introns from the 
preproinsulin gene*”** may be the result of an incomplete 
conversion event. The frequency of gene conversion in 
other than those from fungi or yeast”, is not yet clear. 
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Since the discovery of Z-DNA by X-ray analysis of the alternated. 
hexanucleotide d(C-G), crystals'?, numerous studies have shown. 
that fragments of natural DNAs can adopt the Z conformation, 
the topological constraints being a major factor stabilizing this 
conformation*"*, Immunochemical assays using antibodies to. Z- 
DNA provide strong evidence for the presence of Z fragme À 
chromosomes''~'’, The biological role of Z-DNA is not yet known, 
but it might be involved in gene regulation. Proteins which bind 
specifically to Z-DNA have been isolated'* and interactions 
between Z-DNA and several cellular proteins'*** have been 
studied. The ability of DNA repair enzymes to maintain the 
genome’s integrity is of major importance to the cell. On'alkylation 
of DNA by chemical carcinogens such as dimethyl sulphate, methyl 
methanesulphgnate, methylnitrosourea or methylnitrosoguanidine, 
the main target is the N” of the guanosine residue, yielding 
7-methylguanine (m’G)**?". In alkaline conditions, the imidazole 
ring of m’G opens up, yielding the ring-opened form 2 .6-diamino-4-__ Š 
oxo-5-methylformamidopyrimidine (rom’G)*; this lesion: is a 
block to DNA replication”, It occurs in vivo” and is enzymatically 
removed by a DNA glycosylase”. Here we report that the lesion 
is not excised when present in DNA in the left-handed Z confor- 
mation. we 
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: Activity of E.coli formamidopyrimidine-DNA glycosylase 
ng as a substrate poly(dG-dC)- poly(dG-dC) (a) or poly(dG- 
dC) poly(dG-brdC) (b) containing *H-methyl formamido- 
ytimnidine residues. Open symbols, non-preheated substrates with 
AA) or without (O) added MgCl,. Solid symbols, preheated sub- 
strates with (A) or without (@) added MgCl. 
co Methods: Poly(dGC- dGC)- poly(dGC-dGC) (PL Biochemicals; 
9250 pg in 03M Na cacodylate-0.1M perchloric acid buffer, 
- pH 7S) was alkylated with 5 mCi of di H]methyl sulphate 
7 Ciimmol”!; NEN) äs described previously’ > With this treat- 
nt the polynucleotide contains exclusively m’G-(97%) and mG 
Ye) as modified bases***’. 3-Methylcytosine and/or O*-methyl- 
uanine are not detected (less than 0.1% )?9-32.38.49 T midazole ring 
gof m’G_was achieved by-alkaline treatment (Na,H PO,- 
pH 1f 4, 48h) as described”. In these conditions m’G 
sare quantitatively transformed into 2,6—diamino-4-oxo-5- 
N-methylformamidopyrimidine (rom’G) as checked by HPLC 
_ chromatography after acid hydrolysis? 57°, This substrate 
zis abbreviated as rom’G-poly[d(GC)] and its specific activity is 
6,730 cpm. nmol. Poly(dG- m°dC)- poly(dG-m'dC) (PL- 
a Biochemicals) and poly(dG- brdC)- po ly(dG- br°dC), prepared as 
“described previously. and containing *H-methyl rom’G, were 
<modified using the same protocol; they are abbreviated as rom’G- 
= poly(dG- -m°dC) and rom’G-poly(dG-brdC) respectively. Their 
ecific activities were 7,050 and 6,730 c.p.m. nmol” ', respectively. 
he percentage of modified guanosine residues was ~1%. The 
“rom’G-DNA glycosylase was purified from extracts of E. coli HB 
“1100'endo”, involving chromatography on Biogel A (0.5 M) and 
‘DEAE cellulose, after which the enzyme was further purified by 
“fast protein liquid chromatography using mono-Q and mono-S 
lumns (Pharmacia). The enzyme was purified about 6,000- fold 
d was free of detectable 3-methyladenine-DNA glycosylase”, 
, uracil-DNA glycosylase“', 7-methylguanine-DNA glycosylase”’, 
sie apurinic/ apyrimidinic endonuclease and nonspecific DNase a’ 
Details of the purification procedure and properties of the enzyme 
: will be published elsewhere. The activity of rom’G-DNA glycosy- 
jase in the standard assay was measured by the release of ethanol- 
- Soluble rom’G. ftom. rom’G-poly(dGC). Assay mixtures (50 pl) 
` contained 0.38 nmol of 7H-rom’G in rom’G-poly(dGC), 50 mM 
‘NaCl, 5mM HEPES buffer, 1mM Na,EDTA, 10% glycerol 
pH 7.6), without or with MgCl, at 4mM, as indicated. After 
incubation with the enzyme at 37°C, rom’G was separated from 
the remaining substrate by ethanol precipitation as described for 
-methyladenine™ , One unit of enzyme liberates | pmol of ethanol- 
tuble rom’G in 10 min at 37 °C in the above conditions. Ethanol- 
. ble products were identified as rom’G by chromatography on 
: Biogel P-2 (ref. 39) or by HPLC?” using authentic samples of 
rom’G as internal spandards. 












































~soceurs in the Zepolymer, is not due solely to heatin: 
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Fig.2 Activity of £. coli formamidopyrimidine-DNA glycos as 
using as a substrate poly(dG-m'dC) : poly(dG-m°dC). in the 
Z form containing *H-methylformamidopyrimidine residues. The. 
figure shows rom’G released by the enzyme at 25°C from either. 
non-preheated substrate with (A) or without (O) MgCl, (B form 
or substrate preheated without (@) (B form) or with (a) form 
MgCl,. The substrate in the standard incubation mixture de 
in Fig. | was either unheated or heated (50°C for 10 
presence or absence of MgCl,.(4 mM) before enzyme actio 
treatment is required in the presence of.a low concentrati 

divalent cation to induce the BZ transition” 
















































Poly(dG-dC)- poly(dG-dC) was alkylated with at 
sulphate and rom’G-poly(dG-dC) was quantitatively 
by alkaline treatment of the alkylated polymer. Figure | 


coli rom aG- DNA glycosylase. The enzyme activity isin 
by addition of 4mM MgCl, to the incubation mixture, 
heating of the substrate before enzyme. action does. not 
its activity. In the presence of Mg’* and after heating for | 
at 50°C, the modified polymer is in the B: conformati 
judged by circular dichroism (not shown). It has been y 
by chromatographic identification”? that in all these expe 
mental conditions the enzyme releases more than 98% ofr 
(not shown). In the same assay conditions, the enzyme: i 
when the rom’G lesion occurs in poly(dG-br°dC): poly( 
br'dC) (Fig. 16); this is not due to an irreversible. b 
the enzyme | to Z-DNA, as verified by a competitive expe 
using rom’G-poly(dG-dC) (data not shown), “Note 
poly(dG-br°dC) - poly(dG-br°dC) shows the Z confor 
even in the absence of Mg’ (ref. 33). This result suggest 
the enzyme is inactive when the lesion occurs iná polyme 
the Z conformation. 
An experiment using rom’G-poly(dG-dC) in the Z conto 
tion is not possible as the enzyme is inhibited b 
concentrations (>0.3 M NaCl). To measure the 
rom’G from the same polynucleotide in either the Bo 
we used poly(dG-m*dC). This polynucleotide has th 
mation in low salt conditions and the addition of smal 
of divalent cation induces the transition from the B fe 
Z form'®. In 50 mM NaCl, poly(dG-m°'dC) - poly(d 
in the B conformation. If Mg’* ions (4 mM) are adde 
solution is heated at 50°C for 10min, poly(dG-m* 
the Z conformation'”. If Mg** is added without heating to 51 
poly(dG- -m°dC) is stable in the B conformation at 25°C f 
20 min as judged by circular dichroism (data not show: 
means that the B> Z transition of rom’G-poly(dG-m 
not occur in the conditions used for the cal o 
rom’G-DNA glycosylase action. 
Figure 2 shows that the enzyme excises the lesion'in. rom 
poly(dG-m*°dC) when it is in the B conformation, the 
being increased by addition of Mg”*. There is no`releasi 
tom’G when the modified polymer is in the Z conforma 
which confirms the above results obtained for rom’G:poly( 
br°dC). Furthermore, the lack of enzyme activity when the 
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Fig. 3 a, Effect of an increase in concentration of ethidium 
romide oñ- rom 'G-poly(dG- m°dC) in the Z form as measured by 
the activity of E. coli rom’G-DNA glycosylase and the binding of 
jecific rabbit ‘antibodies to Z-DNA. b, Effect of an increase in 
entration..of ethidium bromide on rom’G-DNA glycosylase 
vity when acting on rom’G-poly(dG-dC) (in the B confor- 
ation). 
ethods: rom’G- poly(dG-m5dC) was converted to the Z form by 
ing the-polymer in the presence of MgCl, as described in Fig. 
legend. Aliquots of the polymer in the Z conformation were 
lemented with increasing amounts of ethidium bromide at the 
cated concentrations and heated at 50°C for 10 min to reach 
nformational equilibrium. The determination of the activity 
as-as described in Fig. 1 legend. Part of each aliquot (50 ul) was 
gated with excess rom’G-DNA glycosylase (50 units, A); the 
remainder was used to measure the binding of either specific rabbit 
itibodies.to Z-DNA (MM) or preimmune rabbit antiserum (0). 
iserum to Z-DNA was raised. in rabbits immunized with 
(dG-m*dC) in which 12% of the guanosine residues were 
modified on the N” by chlorodiethylenetriamine platinum(1) 
loride.. This modified polynucleotide i is in the Z conformation 
hysiological conditions**. The antiserum is specific for Z-form 
NA, showing no-cross-reaction with the other forms of DNA, 
d has been verified to have no detectable rom’G-DNA glyco- 
activity (data ‘not shown). For radioimmunoassay, 12 ul of 
either the immune or preimmune serum were added to each sample 
ul). The mixture was incubated at 37°C for 20 min, cooled to 
and centrifuged at 10,000g for 30 min. The radioactivity of 
üpernatant (expressed as rom’G) was determined and is a 
eas re of the amount of the polynucleotide in the B conformation. 





te as when located in the B polymer it is a good substrate 
e enzyme (Fig. la). 
as; been: shown that some intercalating drugs such as 
ium bromide’ (EtBr)’*** or adriamycin® can induce a 
erative transition from the Z form to the B form. Figure 
lows that such a transition can also be induced by adding 
r to rom’G-poly(dG-m*dC) in the Z conformation. This 
ition was followed by using antibodies to Z-DNA. The 
of the i immunoprecipitation curve of the modified poly- 
tide-EtBr complexes is sigmoidal (Fig. 3a). At high EtBr 
ration, the contplexes are no longer recognized by anti- 
Z- DNA. In the same experimental. conditions, pre- 
um fails to precipitate the complexes. In a parallel 
ir g the same substrate, we measured rom’G gly- 
When the polynucleotide i is in the Z confor- 

















m Gi is not excised (Big. 3a), but on induction of the: =:44::Pohl, FM; & Jovin, T. M. molec Biol. 67, 375-396 (1972). 





imhibitión is due to the deus asa similar pattern is observed 
when a modified poly(dG-dC)—EtBr complex {in the B confor- 
mation) is used as the substrate (Fig. 3b). i : 
In considering the biological implication of this lack of repair : 
of lesions present in Z-DNA, two main parameters should be 
discussed: (1) Does alkylation occur to the same extent in DNA i 
in the B or Z conformation? (2) What are the biological implica- 
tions of the persistence of the lesion in the Z-DNA for the cell? 
It has been shown previously that in the reaction of a” 
carcinogen with DNA, the conformation of DNA is an im“ 
portant parameter. For example, the chemical carcinogen N- 
hydroxyaminofluorene reacts with B-DNA but not with Ze 
DNA”. In our in vitro experiments (see Fig. | legend), the | 
degree of alkylation by a low concentration of dimethyl sulphate 
which is biologically relevant is similar for poly(dG- dC) (Be 
form) and poly(dG- br'dC) (Z form), as is the opening of the ` 
imidazole ring of m’G. Dimethyl sulphate reacts equally well 
with the N’ of guanosine residues in B and Z- DNA, as expected 
from the accessibility and the electrostatic potential of this atom 
in DNA?” 
As it has been shown that rom’G occurs in vivo and that this- 
lesion is a block to DNA replication, its persistence ina region: 
of DNA in the Z conformation could be a lethal event for the 
cell. From experiments now underway, we expect to obtain 
further information on the repair of O°-methylguanine (a mis- 
coding lesion) in DNA of either the B or Z configuration. 
This work was supported by the CNRS (LA 147 or CBM), 
Institut National de la Recherche Médicale (U 140),.and. by: 
grants from the Association pour la Recherche sur le Ca Ce 
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pour la Recherche sur le Cancer. 
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AT ONE time, knowledge about simple 
learning in animals was expected to form 
the basis for understanding more complex 
behaviour in all species. That optimistic 
era has passed, and as a result those 
psychologists still trying to understand 
how animals learn are sometimes viewed by 
their colleagues working on more 
glamorous problems as inhabitants of a 
kind of theoretical backwater. But waves 
have been stirring this backwater lately, 
waves that are important not only for 
learning theorists but also for neuro- 
scientists, behavioural ecologists, cognitive 
scientists and anyone else with an interest in 
aspects of behaviour involving learning. 

Mackintosh and Staddon are both well- 
z:known and respected researchers on 
learning, and their books will be widely 
read and referred to by other researchers 
and students in the field. The similarity of 
the two books ends here, however. Their 
content, style and aims could hardly be 
more different. Staddon’s book is an 
attempt, often successful, at a broad and 
far-reaching account of adaptive behav- 
iour in individuals, ranging from taxes in 
plants to information processing in human 
beings. Mackintosh’s is a compact and 
tightly reasoned theory of one historically 
important and well-studied kind of 
learning, the formation of simple 
associations. 

In part, the difference in content 
between the two books reflects a difference 
between two approaches to research on 
learning. ‘‘Skinnerian’’ or ‘‘operant’”’ 
research has been concerned with 
describing the overall, ‘‘molar’’, proper- 
ties of behaviour when animals are 
rewarded for performing a simple response 
such as pecking a disk or pressing a lever. 
This research has focused on behaviour in 
the steady state, after the subjects have 
experienced the same relationship between 
response and reward for many days or 
weeks, rather than on the learning process 
that produces it. 

The second approach is to use animals 
to study the acquisition of associations. 
Pavlov’s dog learning that a bell signalled 
meat powder was acquiring such an associ- 
ation. Part of this tradition is an attempt to 
account for the trial to trial, or 
“‘molecular’’, details of the individual 
animal’s behaviour in learning. This 
approach was given a tremendous stimulus 
in the 1960s by the development of pre- 
parations for studying Pavlovian 
cOnditioning that were easy to use with 





large numbers of subjects. The past 15 
years or so have been a period of active 
research and theory development in 
Pavlovian conditioning. 

Recently these almost independent sub- 
areas have been stirred by two common 
concerns. One is functional and naturalis- 
tic. Stimulated by demonstrations that 
animals can learn either very well or very 
poorly, depending on how close the 
required learning is to learning that might 
be useful to them in the natural environ- 
ment, psychologists have begun to think 
about the possible adaptive function and 
evolutionary basis of behaviour in 
standard laboratory-learning paradigms. 
In some cases these thoughts amount to 
little more than post hoc rationalizations 
for data, the kind of ‘‘just so” stories that 
are the bane of sociobiology. In other 
cases, however, formal optimality 
arguments from economics and foraging 
theory have been applied productively to 
behaviour in learning experiments. 

Considerations of optimality or adapta- 
tion are most directly applicable to the 
products of learning, the behaviour that 
results from experience. It is somewhat 
paradoxical, then, that the interest in learn- 
ing as adaptation has been growing at the 
same time as the conviction among many 
studying animals that their subjects are best 
viewed not as machines that produce 
responses but as cognitive beings. On this 


view, the products of even simple condi- 
tioning experiences result from changes in 
the animal’s representation of the world 
rather than from changes in its stimulus- 
response connections. Pavlov’s dog 
salivated not because the sound of the bell 
had become connected to his salivary reflex 
but because he knew that food would 
follow the sound of the bell. Released from 
his harness, he would have run to look in 
the food dish. 

In terms of these various currents, 
Mackintosh’s book encapsulates a 
cognitive approach to associative learning 
that guides much contemporary work. On- 
ly about half as long as his more general 
The Psychology of Animal Learning 
(Academic Press, 1974), it covers much of 
the same ground as Anthony Dickinson’s 
Contemporary Animal Learning Theory 
(Cambridge University Press, 1980). But 
where Dickinson provides a sketch, 
Mackintosh fills in the details. 

In Mackintosh’s view, animals form 
associations between pairs of events in the 
world (Pavlovian conditioning) or between 
their own behaviour and its consequences 
(operant conditioning) according to a 
single set of rules. The principles of 
association formation are also the same 
whether rewarding or punishing events are 
involved. Likewise, Mackintosh argues, 
the results of learning that valued events 
will occur or that they will be absent 
(excitatory and inhibitory conditioning, 
respectively) can be embraced in a sym- 
metrical way within a single framework. 
This scheme appears so simple and satisfac- 
tory that one might wonder why it needs 
even a smallish book to justify it. 
Historically, however, theories of posi- 
tively rewarded learning, of punishment 
and of avoidance learning have all 
developed somewhat independently of one 
another. It is therefore necessary to go to 





Dog-days of association research — Ivan Pavlov and colleagues at the Military Medical 
Academy, St Petersburg, around the turn of the century. © 









ement of food or postponement 
s electric shock. 
) Sort of integration achieved by 
Mackintosh: is: possible only with a 
Wgnitive view of conditioning. If the im- 
tant result.of learning is achangein how 
animal represents the world, questions 
bout: how learning occurs can be 
eparated from questions about how per- 
ance results from it. And even if the 
of association are the same across 
erent types of events, the laws of 
ormance certainly are not. Pavlovian 
nditioned responses are the result of a 
‘ocess by which the learned signal auto- 
cally elicits behaviour related in some 
y to the event signalled. Signals for food 
cit food-related behaviour, for example. 
it, Mackintosh concludes, no such sim- 
lẹ mechanism can account for operant 
formance. There is no acceptable alter- 
tive to viewing it as the result of a kind of 
‘ocess of inference. When a rat has learn- 
d that pressing a lever will give it food, it 
ill behave as if obeying the instruction, 
$ the lever if you want food”. Thus if 
is not hungry or has learned that the 
kesit ill, it will (in most cases) no 
er press the lever. 
is interpretation of instrumental per- 
rimance sounds a lot like common sense 
ot much like traditional accounts of 
yr its press levers, What is astonishing is 
bust the non-commonsense theories 
been: In much of this book, Mackin- 
1 is reviewing fact and theory in a way 
ich many researchers in the field would 
dunexceptionable. Nevertheless, it is an 
iting book because of the great clarity 
h which Mackintosh delineates issues 
istorically have been surrounded by 
“profoundest muddle and confusion, 
sues for his resolutions of them. 
taddon. takes a different approach to 
tured history of learning theory — 
ppi oach both exasperating and re- 
eshing — and that is simply to present his 
ynthesis. Except for the most essen- 
étailed experimental references and 
mainly historical interest are 
ited to extensive notes at the end of 
ter, so allowing Staddon to in- 
vanced undergraduate text and 
list book within the same covers. 
ny recent books on learning make a 
o the adaptive functions of learning 
| chapter or two on bird song, imprin- 
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raging as. operant behaviour and the 





















ing point is acceptance of explana- 
n terms of adaptive function on an 


nis ying in the face of the tradi- 

mplified by Mackintosh, Staddon 
hat sometimes the best available ex- 
nailon for a behavioural phenomenon is 


















Stentor roeselii drawing a 
cloud of carmine particles 
into the ciliary disk as part 
of its normal feeding pat- 
tern. The illustration 
originally appeared in H.S. 
Jennings's Behavior of the 
Lower Organisms (1906), 
together with a detailed yet 
splendidly written account 
of the reaction of Stentor 
to the irritant. (Reproduced 
from Adaptive Behavior 
and Learning.) 















































a functional one. Even when both causal 
and functional accounts. are available, 
thinking in terms of function may be the 
more powerful means of integrating data 
from a wide range of species and situations. 

In some areas such as foraging, the func- 
tion of behaviour can be discussed in terms 
of a formally defined optimum. However, 
in places Staddon slips into less rigorous 
use of functional arguments. For example, 
grooming in a number of mammals is in- 
fluenced by food reward much less than are 
other activities, such as bar pressing. The 
causal or mechanistic approach to-under- 
standing such differences in reinforce- 
ability would be to ask whether they are due 
to differences in the associability of dif- 
ferent activities with reward. Or perhaps 
the animal does not “know” when it 
grooms the way it knows when it bar 
presses. Perhaps giving food to hungry 
animals suppresses their grooming. At- 
tempts to answer such questions ex- 
perimentally (reviewed by Mackintosh) are 
fraught with difficulties and may well lead 
to different answers for different species, 
different responses or both. Staddon’s 
functional account of these differences is 
simple: “Evolutionary function is a good 
guide to reinforceability”’ (p.443). In other 
words, since grooming does not usually 
function to get food in natural en- 
vironments, we shouldn’t expect to be able 
to reinforce it in the laboratory. In Stad- 
don’s terms, the animal’s Bayesian prior 
estimate that grooming produces food 
should be very low. Given the notorious 
difficulty of establishing adaptive func- 
tion, this may strike some as a non-answer. 
But as other examples in the book show, 
this kind of approach is exactly the way to 
make sense of a lot of otherwise puzzling 
phenomena. 

Anyone using this book for teaching 
purposes will find it includes most of the 
conventional material in a course on 
learning, with an emphasis on operant 
research. But many of the ideas are not 
standard textbook fare. For example, 
behaviour in novel situations is thought of 








a chemical gradient are vividiy sed to 
introduce this principle. Species. differ in 
the extent to which they relyon merely local: 
memory (Staddon’s term’ for a _ simple : 
change in responsiveness with time since an 
event) or more long term, associative, 
memory. An early chapter introduces 
feedback and the language of control 
systems. Within this framework, 
reinforcement schedules, optimal choice 
and mechanisms of adjustment to 
reinforcement schedules are discussed, 
Formal arguments are used here and, as 
elsewhere in the volume, students would 
need a strong quantitative background to 
benefit from the material. 

The chapter on reinforcement schedules 
will be familiar to anyone who has followed 
Staddon’s work, but other ideas are new 
and stimulating. For example Staddon 
argues that the key to a useful comparative. 
psychology is the differing numbers of 
states of the world species can distinguish. 
A cat escaping from a puzzle box differs 
from Stentor escaping from a cloud of 
carmine particles because the cat can 
distinguish the puzzle box from other situa- 
tions. It is adaptive for the cat (but not for: 
Stentor) to remember its experience in a. 
given situation because it can: recognize 
that situation next time. 

As another example, a chapter on 
memory includes the otherwise unpublish- 
ed model of spatial memory developed by 
Dale and Staddon. In what by this point in 
the book will be a familiar style, Staddon 
shows that by looking at spatial memory 
tasks in the right way we can cut across a 
number of situations that are usually 
treated separately (here, maze and operant 
tests of memory) and derive the properties 
of behaviour in each one from a single set 
of principles. In this case the required leap 
is to see the places in a maze as being coded a 
both spatially and temporally and to see the 
various standard memory tasks as requir- 
ing different kinds of discrimination 
among different kinds of memory traces. 

In a book that attempts a broad original 
synthesis of an established body of resear- 
ch, there are bound to be details to quibble 
with. However, if the next generation of 
Students were brought up on.” 
Staddon’s book (along with liberal doseg of 
Mackintosh to sharpen their appreciation — 
for hard-nosed analysis of mechanism) the 
field of animal learning would surely come 
to have a very different look. It would 
merge in a natural way into the study of: 
animal behaviour more generally and: new 
questions about learning would: be asked 
and answered. Whether this .is-a desirable © 
state of affairs is of course a matter of “Opi- 
nion, but anyone who has ever wondered 
what it would be like should read Stad- 
don’s book. Che 
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. NINETEEN physicists contribute their 
accounts of research at the Cavendish 
Laboratory during the 1930s. All of them 
“Were participants in that great era of dis- 

-covery which laid the experimental found- 













erial — the articles by Feather, Chad- 

wick, Cockcroft, Blackett and Oliphant — 
“care reprints which, though covering 
< familiar ground, can well bear repeat per- 
©. formances. Fresh material has been written 
ae by Dee, Walton, de Bruyne, Duncanson, 
Massey, Mott, Dirac, W.B. Lewis, A 
Wilson, Allibone, Goldhaber and Peierls. 
9 An introductory framework and a 
- bibliography are provided by John 
<H ndry, whose growing work as a historian 
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a UCLEAR magnetic resonance (NMR), a 
: branch of spectroscopy in the radio region 
» Of the electromagnetic spectrum, is well 
established as an analytical and structural 
© technique in chemistry and physics. In the 
“past decade it has become important in 
svamedicine also, in providing in vivo 
“anatomical images similar to computed 
tomography (CT) X-ray scans. 
<:> NMR has the merit of producing images 
of similar resolution to CT X-ray scans, but 
with ‘superior tissue and pathological 
contrast, of giving scans not only of 
7 transverse sections, but also of coronal and 
“Sagittal sections, and of doing all this 
“without hazard since no ionizing radiation 
-iş used. Moreover the additional degrees of 
freedom afforded by tissue relaxation 
«times provide extra dimensions of 
diagnostic information. As a consequence 
“of these advantages, NMR scanners are 
-i rapidly; being deployed in hospitals. 
‘Diagnostic radiologists and clinicians 
“generally are having to learn about this new 
technique, which is rather more difficult to 
rehend than earlier modalities. * 
his: book, Stuart Young attempts to 
in from scratch the principles of NMR 
aging to medical doctors and biologists::" 
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ations of nuclear physics, Some of the | 








mendably short, presents a substantial 
canvas, ranging from the background of 
Cambridge society and personalia, to the 
substance of the discoveries themselves. 
The new accounts of the theoretical 
physics from Peierls, Massey, Mott and 
Wilson go far towards redressing the 
often-accepted view that Rutherford’s 
experimental approach always dominated, 
and that his team neglected theoretical 
guidance. Allibone discusses the fruitful 
involvement of the Metropolitan-Vickers 
Company in the engineering work and the 
personnel at the Cavendish. It is a mark of 
the time that then’so little was said of the 
contribution of the Cavendish to the 
profitability of industry; but Allibone 
stresses the widespread subsequent 
application of the high-voltage and high- 
vacuum techniques generated by the 
research. Similarly Wynn-Williams and 
Lewis stress the application of the 
electronics developed primarily for 


without using mathematics or any depth of 
physics. It is a daunting task in which the 
author succeeds rather well with the aid of 
homely analogies from music and sport; 
indeed, the non-American reader may 
learn more about the intricacies of baseball 
from the analogies with NMR than vice 
versa. There are many images illustrating 
the clinical power of NMR, a chapter on 
site planning and also a rather incomplete 
listing of systems available. The physicist 
may complain about some incorrect 
definitions and an error of 2n in the only 
equation, but on the whole the book 
succeeds in providing a straightforward 
and comprehensible entry into the subject 
for the physician. 

NMR imaging is just one of the impor- 
tant aspects of magnetic resonance. M.A. 
Foster’s book is a more substantial work, 
covering a wide range of magnetic 
resonance applications in medicine and 
biology. The first third is concerned with 
electron spin resonance and includes a 
specialist chapter on spin label studies of 
cells. The remainder of the book is devoted 
to NMR spectroscopy in vitro and in vivo, 
and to NMR imaging, the latter covered in 
34 pages in chapters written by Hutchison 
and Smith. One important area which the 
author does not attempt to cover is 
applications of NMR spectroscopy in 
molecular biology, to the structure and 
conformation of proteins, nucleic acids 
and other molecules of biological 
importance. For the rest, the book is clearly 
written at a fairly elementary level and 
should be easily understood by scientists 
from a wide range of disciplines 
encountering magnetic resonance in 
biomedicine forthe firstime. © 
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consequence, the book; though com- 


1g. 
de Bruyné, especially in his 
sketch of G.F.C. Searle. 
Much of the credit for the su 














Rutherford, whose genius and pe 
is a feature of almost all the accou 










providing a background, does. 
endeavour to penetrate beyond | 
simple explanations. But the artic 
selves, and indeed almost all of t 
lections of pre-War Cambridge, | 
the relative stability and. securi 
. society. Surely this is a contribut 
to the dedication needed. for. th 
intellectual achievements brought ou 
albeit not explicitly — especially by 
who came from overseas to bring $o m 
to physics at Cambridge in the 1930s 
The strength of this book is th 
welding of original but) rath 
material into a coherent (and ve: 
presentation: of great research. 
book concentrates on nucléar phys 
early 1930s; -consequently t 
passing mention of: (for 
founding of the low temperature 
school, and of the crystallograph 
the development of which’into: th 
great era of Cavendish researc 
initiated by WiL. Bragg in 1938,- 


R.S. Pease. is the UKAEA’s Progra 
Director for Fusion Research àt-the Ci 
Laboratory, Abingdon, Oxfordshir 


feet ADVERTISEMENT: 


































THEORETICAL 
PREDICTION OF TH 
THERMODYNAM 

BEHAVIOR OF AQUEOU: 
ELECTROLYTES AT 
PRESSURES AN 
TEMPERATURES — 
PARTS I THROUGH IV 


Harold C. Helgeson, 
David H. Kirkham, 
and George C. Flowe 












A 
reprints (585 pages in all) pl 


limited number of b 





Subject Index (39 pages) 











available from the office of the 
American Journal of Scien 
$65.00 per copy prepaic 


American Journal of Science 
Kline Geology Laboratory 
Yale University, Box 6666 

New Haven, CT 06511: 


Circle No.35 on Reader Service Car 


































































lam Hilger: 1984, Pp. 483. £30, $54. 





NE of the compliments paid to Bryce 
Witt in this collection of essays is that 
strength of his work lies in its 
inavoidability”’; by this it is meant that 
development of science cannot escape 
nd, therefore, sooner or later it receives 
ognition’’. Overall the book is a good 
stration of the remark. 
e importance of much of DeWitt’s 
neering work in quantum gravity, 
ich is. at the root of a number of areas of 
rent research, is:only now becoming ap- 
arent to many of us who entered the field 
-alater date. The first four essays in the 
Ok chart the course of some of these ear- 
deas in frankly celebratory style, paying 
ibute to. DeWitt’s role in their formation 
r development. These contributions are 
kind of idiosyncratic personal history 
is naturally absent in journal articles 
textbooks and which can be very 
ctive, even for the reader who is not 
ilar with the cast of characters. In par- 
lar I found the essay by Isham especial- 
teresting as a concise bird’s-eye view of 


he contributions that follow in the first 
d of the book take up the theme of 
antum field theory in curved spacetime. 
ong them are accounts of some appli- 
ons to cosmology and black hole 
ics, as well as a few that address con- 
al. problems of this approach. An 
ple of the latter is Davies’s provoca- 
itled essay ‘‘Particles do not exist”. 
¿articles constituting the remaining 
irds of the book grapple, for the 
part, more directly with quantum 
y proper. There is no discernible 
atic unity here because there is no con- 
ison the correct way to proceed. As a 
, the essays range over a variety of ap- 
hes including Hamiltonian methods 
¢ Wheeler-De Witt equation, renor- 
on. group methods, supergravity, 
wo- and three-dimensional spacetime 
jogues of quantum gravity, with several 
irsions.into higher derivative modifica- 
s of general relativity. 

here is only one contribution devoted 
is perhaps DeWitt’s most fruitful 
; the “background field method”’, 
it is a remarkably good one; this is the 
say by Vilkovisky with the rather unin- 
tive ti tile “The Gospel according to 


Adam Hilger now have their own sales office 
North America, serving the United States, 
and Mexico. Orders should be sent to 
ilger Ltd, PO Box 230, Accord, MA 
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us of the power of this method in applica--] theco 


tions -tò supersymmetric field‘ theories, 
supergravity in particular, although the lat- 
ter subject is represented only briefly. Not 
represented at all is the ‘‘Kaluza-Klein’’ 
approach, currently very popular in its 
conjunction with supergravity, but neither 
of these topics has been influenced greatly 
by Bryce DeWitt. Finally, towards the end 
of the book, there is an essay by Smolin 
reminding us that DeWitt is one of the few 
physicists who have taken more than a 
passing interest in those quasi- 
philosophical problems that bedevil the 
interpretation of quantum mechanics; he is 
a well-known advocate of the bizarre 
‘‘many worlds”’ interpretation, 












“to write stimulating, readable essays, and 
this immediately puts the book in a. 
category above most conference reports 
quantum gravity. Also, discounting con- 
ference reports, I believe that this isthe on- 
ly collection of essays on quantum gravity 
extant, probably because no other figure of | 
comparable stature has yet reached the age. 
of 60. While similar volumes will surely 
follow, this one is likely to remain a 
valuable source for those interested in the 
early years of quantum gravity. a 
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ALTHOUGH biologists have always been 
impressed by the diversity of life, 
biochemists have, on the contrary, 
emphasized its essential unity. All 
organisms use the same metabolites, 
arranged into the same series of metabolic 
reactions, catalysed by similar enzymes 
synthesized by the same kind of genetic 
apparatus. Biochemists have found that 
they can concentrate on a few organisms, 
and have done so to the extent that 
biologists have been known to complain 
that Escherichia coli is the only animal they 
know. 

Nonetheless, life exists not only at 37°C 
at atmospheric pressure in the presence of 
water and oxygen, but also in many other 
habitats that might appear impossibly 
hostile, such as hot springs, frozen deserts 
and the ocean deeps. Even quite familiar 
animals can endure conditions that one 
might suppose to be lethal: the goldfish, for 
example, can survive in the complete 
absence of molecular oxygen for several 
days. 

The pioneer in the field of biochemical 
diversity was Ernest Baldwin, whose little 
book An Introduction to Comparative 
Biochemistry (published by Cambridge 
University Press in 1970, but dating 
originally from 1937) still provides a 
stimulating entry into the subject. Much 
has been learned since his time, and Peter 
Hochachka and George Somero have 
written a much larger book, Biochemical 
Adaptation, with the aim of making bio- 
chemists more aware of the vast range of 
habitats in which life is possible and of 


. Showing how the diversity can nonetheless 


be- rationalized in terms of a sugie 
biochemical theme. 





Birmingham; UK. t 


I believe the authors to have been suc- 
cessful in presenting the range of their 
subject, But I am far from happy with their 
rationalization, which seems to ‘stretch 
theoretical chemistry to breaking point. in 
many instances. The chapter on tem- 
perature adaptation gives prominence to 
entropy~enthalpy compensation, the idea 
that the enthalpies of activation of enzymes 
catalysing the same reaction in different... 
organisms vary linearly with the 
corresponding entropies of -activation. 
Some authors have apparently even found 
a mystic significance in the fact that the 
slopes of ‘‘compensation plots” are often 
close to 310 K (i.e. 37°C). Yet nowhere is 
there any recognition of the fact that the 
numbers plotted can only be obtained by 
extrapolating to absolute zero a trend 
measured over perhaps 5°C to 40°C, an 
extrapolation some eight times the range of 
measurement! Artificial correlation 
between slope and intercept..is thus 
inevitable regardless of whether there is a 
real physical phenomenon. 

Elsewhere in the same chapter, the... 
authors speculate on possible reasons why — 
such enzymes as lactate dehydrogenase 
may be more ‘‘efficient’’ in; some. 
organisms than in others. This may: be a ae 
meaningless question how ever itis — 
formulated; it is certainly meaningless i 
when the ‘‘efficiencies” spana range as 
small as 0.54 to 1.00, when they are define: 
in terms of the rate at substrate saturatio 
and not at a physiological substgate 
concentration, and when they refer to a 
standard temperature that is unphysio- 
logical for some of the enzymes compared. 

In the words of Theodosius: Dobzh-' 
ansky, ‘nothing makes sense in biology 
except in the light of evolution”. Evolution < 
makes only fleeting appearances in: the 
book, but it might have. been more 
convincing as a central theme than an 
appeal to physical chemistry which seems 
premature given our present: state of ©. 
knowledge. cee 
N. re 
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CARROLL. Longman: 1984. Pp.135. Pbk ISBN 
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Biological Oxidations. H. SUND and V. ULLRICH 
(eds). Springer-Verlag: 1983. Pp.313. ISBN 
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coincide with the Third European Congress on Biotechnology, we feature here twenty five new 
‘ products of interest to the biotechnologist, including a new range of purified antibodies 





@ The ChemLab Micromedic reagent 
dispenser is designed to dispense small 
volumes of biological materials. The 
dispenser, is capable of delivering selected 
volumes over a range 1 pl to 9,999 ul in one 
microlitre increments with a repeatability 
«sof 0.5 yl and accuracy of 1%. The liquid 
| to be dispensed is held in a cartridge in the 
: reagent dispenser so that only a minimal 
“amount of the reagent is required to prime 
the. cartridge and there is virtually no 
wastage. 
Circle No. 100 on Reader Service Card. 
© The Genex manual solid phase kit for 
the production of oligonucleotides in- 
cludes all the reagents necessary for the 
synthesis of oligonucleotides, a reaction 
-a vessel, ancillary hardware, assembly in- 
“structions and detailed protocols for syn- 
«<< thesis using phosphotriester chemistry 
= (which have been fully tested). The syn- 
-oothesis kit enables laboratory personnel with 
< limited experience in chemical synthesis to 
produce an oligonucleotide in a day. The 
quantity of HPL grade mononucleotides 
“and reagents supplied with the kit is suffi- 
-cient for 70 couplings, and additional reac- 
tion vessels and hardware are available to 
expand the system for several simultaneous 
syntheses. Genex recommend using only 
the Genex HPL grade dinucleotides, since 
- the time that is required for synthesis can be 
halved without reaction efficiency being 
“impaired. 
“Circle No. 101 on Reader Service Card. 
@ A new fact sheet form Schleicher and 
Schuell describes the S&S Mini-Collodion 
Membrane designed for quick, efficient, 
and ‘simultaneous concentration and 
dialysis of protein and nucleic acids in 
small sample quantities. Features of the 
„new membrane include a microtapered col- 
lection tip that yields high sample 
‘recoveries of up to 98% with concentra- 
tions down to 10 ul. The Mini-Collodion 
Mempbrane has a volume of 2 ml and 
molecular weight cut-off at 25,000. 
‘Simultaneous concentration and dialysis is 
achieved simply by using the membrane in 
conjunction with an easy-to-assemble S&S 
all-glass apparatus although the membrane 
can also be used without the specialized ap- 
paratus for dialysis. The new membrane re- 
‘quirés minimal physical manipulation en- 
suring virtually no sample loss, and rigid 
“design allows the membrane to be washed 
and. reused. Shorter sample preparation 
` times are-achieved because of the greater 
“surface area-to-volume ratio than that of 
standard 8 ml S&S collodion mem- 
: ‘ane. ifs fog 
Cirele No. 102 on Reader Service Card. 
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@ A complete selection of solid supports 
and nucleosides for oligunocleotide syn- 
thesis is available from J. T. Baker 
Research Products. To ensure easy hand- 
ling and high yields of the desired oligonuc- 
leotide chain, Baker’s supports are silica- 
based, witha large particle size (40 um) and 
variety of pore sizes (60A, 250A, 650A) 
available. Baker performs its own bonding 
and derivatization to provide stable forms 
of succinoyl-aminopropyl (SAP) silica gels 
and DMT, N-protected nucleoside-deriva- 
tized-SAP-silica gels. In addition, the ac- 
tual analytical values for nucleoside 
loading (in umol per g) or amine loading (in 
meq per g) are provided on the label of 
every bottle to facilitate economical and 
successful use. A variety of high purity 
nucleosides is also supplied by Baker 
Research Products; included are 
nucleosides, N-protected nucleosides and 
5'.DMT-protected nucleosides. These 
products are suitable for use in either phos- 
photriester or phosphoramidite synthetic 
methods after further derivatization, and 
are completely compatible with the Baker 
solid supports. 
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Fact-sheet on Schleicher and Schuell Mini- Collodion Membrane (top left), nti-Leu 5b from 
Dickinson (top right), aselection of nucleosides from J T Baker (bottom left) and Genex soli 


kit (bottom right) 





° Neuropeptide Y (NPY), is curren 
available in synthetic pure form from 
Bachem UK. The pure lyophilized form 
available from Bachem UK (as are 
PHI, VIP, pancreatic polypeptide. and 
large range of other important pep 
with full technical support including a fi 
quality-control service (using HPLC FAI : 
MS and NMR techniques). 
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®© Anti-Leu-5b, a new and potent co 
plement-fixing monoclonal antibo 
which binds to the sheep erythrocy 
receptor, is now available from the Be 
Dickinson Monoclonal Center. This: 
tibody (Clone $5.2) reacts with: 95-100 
of E+ cells in peripheral blood, 83% 
peripheral blood lymphocytes, 96-99% 
thymocytes, and a subset of NK cells 
not with B cells or monocytes. The teag 
has been successfully used to enumera' 
deplete T cells in peripheral blood, and.t 
identify T cells in tissues. Anti-Leu-Sb i 
available in both purified and FITC con 
jugated forms for use in direct cytotoxicity 
indirect immunoperoxidase, and directi in 
munofluorescence procedures. 2 
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® Just introduced by Vector Laboratories 
is a series of Vectastain ABC kits utilizing 
glucose oxidase as the enzyme label. Based 
on the principle of the preformed 
avidin/biotinylated enzyme complex, the 
Vectastain ABC-GO system offers a 
second marker for double immuno- 
histochemical staining. This highly 
sensitive detection system has the added 
feature that, unlike peroxidase, glucose 
oxidase is absent in mammalian tissues and 
requires no hydrogen peroxide treatment 
to block endogenous enzyme activities. 
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è An Immunofixation Electrophoresis 
(IFE) assay kit has been introduced in the 
Paragon Electrophoresis product line by 
Beckman Instruments, Inc. simplifying 
immunofixation electrophoresis in clinical 
research, The new paragon IFE test pro- 
vides a fast, sensitive and easy to read 
method for diagnostic identification of 
monoclonal gammapathies, immuno- 
globulin deficiencies and other immuno- 
globulin anomalies; IFE is a procedure 
combining protein electrophoresis and 
immunoprecipitation. Paragon IFE is only 
one of nine electrophoresis assay kits now 
available from Beckman, Others are Acid 


The new 900 Micropressure system from World Precision Instruments 


@ Monoclonal anti-human kappa (Clone 
TB28), a new antibody from. Becton 
Dickinson, is specific for the kappa light 
chains of. all classes of human im- 
munoglobulins and Bence Jones kappa 
does not react with lambda light chains, 
giving superior results in tissue staining of 
frozen sections. Anti-kappa reacts with 50 
to 70% of normal B lymphocytes and with 
Ig? leukaemic cells, and can be used to 
study the clonality of B cells in tissues by 
indirect immunoperoxidase techniques 
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© Fibroblast growth factor (FGF) and ex 
tracellular matrix (ECM) coated culture 
dishes facilitate in vitro cultivation of cells 
with fastidious nutritional requirements 
and provide a means to develop new cell 
lines. The dishes are now available from 
Associated Biolabs. ECM is a naturally 
produced basement membrane-like 
substance which, unlike reconstituted 
matrixes, has its various components in 
their native configuration and proportion. 
Cells plated on ECM exhibit higher plating 
and cloning efficiencies, have longer life- 
spans, reach a higher saturation density 
and have lower requirements for serum and 
added growth factors. They also respond 
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controls for SPE (normal and abnormal), 
LD, CK and Hemoglobin, and complete 
test processing equipment-power supply, 
incubator, dryer, wet processor, gel 
frames, applicators and pipet tips. 
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@ New from Sera-lab are: catalogue no 

MAS 100 mouse IgG, antibody recogniz- 
ing a determinant on the alpha chain of rat 
Ia antigen, homologue of mouse la-E pro- 
duct (Clone OX 17); MAS 101 mouse IgG, 
antibody recognizing a monomorphic 
determinant of rat class I MHC antigens 
(Clone OX 18) and; MAS 102, mouse IgG 
antibody against high molecular weight 
form of rat leukocyte-common antigen 
(Clone OX 22). These products are 
available in supernatant and ascites form. 
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accelerates cell proliferation, increases the 
colony-forming and plating efficiency by 
allowing cells to proliferate at clonal]. cell 
densities and permits expression of dif- 
ferentiated characteristics. FGF comesas a 
purified, water soluble powder. 
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@ The model 900 Micropressure system: 
from World Precision Instruments: cis 
designed to measure hydrostatic pressure 
in limited volume biological compartments 
such as small vessels and cells. The sensing 
element of the system is a fluid-filling glass 
microelectrode with a tip diameter range of 
2to 5 microns. The system includes micro- 
eleetrode holder, preamplifier, . power 
amplifier, hydraulic servosystem, pressure 
transducer, and digital pressure readout. 
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surement and anirol modules making 

e package are mounted they can easily 

unplugged. from the rack and used as 

e units, a feature made possible 

ich module has. its own power 

digital readout. The modules 

wide range of parameters including 
oxygen, carbon dioxide, massflow, 

€ weight and redox as well as basics 
emperature and agitation speed. 

of use and safety are two features well 
ed by the new package. For example, 

emperature module is equipped with 
afety cut-outs which ate overheating, 


d ime of A When thismodule 
ene in PETT with the pareari 


> functionalized magnetic par 
ticles from Advanced Magnetics Inc. are 
pplied either as an amine terminated 
particles suitable for the attachment of 
Jologically active molecules, or with 
pecific binding proteins covalently linked 
he particle. Specific binders available 
lude protein. A, goat anti-rabbit IgG, 
goat anti-mouse Isc, and.charcoal. When 
conjunction “with BioMag’s 
agnetic eparator Or magnetic test tube 
se products enable the investigator 
to make separations rapidly, conveniently, 
safely without the columns, cen- 
ifuges, and filters now used in conven- 
nal solid phase separation systems. 
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© Batch-to-batch variation and other 
“problems related to cell growth in the 
“presence of serum can be overcome by the 
use of a new serum-free supplement, 
marketed by LKB Instruments, Inc., of 
‘Gaithersburg, Maryland. Ultroser G is a 
true fetal calf serum (FCS) substitute for in 
vitro multi-purpose cell culture. It contains 
main groups of substances, all of them 
essential for eukaryotic cell growth. These 
groùps are growth and adhesion factors, 
mifteral trace elements, vitamins, hor- 
mones, and binding proteins. The op- 
timum concentration of each constituent 
has been determined according to the needs 
of a number of cell types. Constancy of 
„composition, both qualitative and quan- 
tative, ensures excellent batch-to-batch 
reproducibility. All components of the 
mixture — water and buffer elements in- 
are selected and assayed under 
us conditions, thereby ensuring the 
ality of the final product, and the 
ind adhesion factors are prepared 
w extraction techniques including 
ton by affinity. chromatography. 
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Rack-maunted instrumentation package for laboratory fermenters from Bioengineering 
easily unplugged measurement and control modules : 


® Continuous culture of clean monoclo- 
nal antibodies in a serum-free medium is 
possible with the Techne CS-100 Cytostat. 
The Cytostat keeps hybridomas producing 
monoclonal antibodies, interleukins, 
growth factors and so on at exponential 
growth rates by continuously extracting 
cell products while adding medium at arate 
that matches the growth rate of the cells. It 
is an integrated unit with 4x 1000ml 
culture flasks with heavy stainless steel caps 
and floating stirrers, a constant temper- 
ature water bath, an absorption-type 
refrigerator, 4 peristaltic pumps and 
sterilizable tubing all connected and ready 
for use. The system. is mounted on a sturdy 
stainless steel laboratory cart with wheels 
which can be locked when necessary and 
control panels between each of the two 
pairs of peristaltic pumps provide mains 
power switches for the pumps, water bath, 
refrigerator and magnetic stirrers with elec- 
tronic speed control. The absorption-type 
refrigerator, included with the Cytostat, 
has a convenient top lid and is built on hori- 
zontal slides so that it can be rolled out to 
gain access to the flasks containing the 
medium. Also supplied with the Cytostat is 
a syringe unit to enable simple withdrawal 
of cell culture medium for sampling pur- 
poses. 
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© Opti-MEM I, manufactured by 
Hybridoma Sciences Inc., is a low serum 
cell culture medium specially suited to the 
growth of hybridoma cells and the purifica- 
tion and production of monoclonal anti- 
bodies. Distribution inthe United States is 
through Gibco Laboratories. 
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disposable polystyrene. l 
plates and inoculum trays designed 
compatible with virtually all manual ar 
automated 96-channel reagent dis 
systems are now available from. 
Biotechnology. MIC plate well capa 
0.3 ul; well diameter is 6.4mm. Each we 
clearly numbered and lettered fo 
reference, and an extended rim 
each well prevents interchange of re 

An extra thick base rim.with non 
faces facilitates handling and sta 
oculum tray 200ml capacity an 
100ml calibration permit time-saving 
dilution, High 12mm walls anda'w 
with an anti-sloshing edge ease Hal dl 
Plates and trays are radiation ste 
eliminate ethylene residue; each lo 
tested, for sterility and packaged i 
tities of five in plastic tubs sealed to) 


| tain sterility. Cluster plate sealer: ar 


available. ; 
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© A new autoradiography. grade 
diphenyloxazole (PPO) from: Bi 
nology Supplies has been. design 
assure optimum enhancement: i 


| fluorography. Specially controlled 


tested, PPO is now available for. 

and polyacrylamide gel band visualizatic 
using the classical Bonner and 
enhancement procedures. Optim 
resolution, sensitivity and costs. are assur 
for publication quality when ‘auto 


tocols. Material is available for immed 
shipment, conveniently packaged ‘to yiel 
1, 2 or 4 litres of autoradiography fluid, o1 
in the 5 kilogram economy pac 
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nitrocellulose or -other 






has been added to 
BioNuclear’s product range. 
‘The: EBU-1000 features over 92 inches of 
“platinum wire mounted in adjustable elec- 
trode panels. This design ensures even cur- 
rent distribution across the gel for uniform 
transfer of macromolecules. The transfer 
chamber is constructed to accommodate 
fo three gels simultaneously, each with 
iensions as large as 15 x 21.5 cm. An 
ional. cooling tube is available for con- 
ent regulation of temperature. The 
emis easily disassembled for cleaning 
rage. 
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SeaPrep agarose, developed for effi- 
culture and recovery of viable cells or 
ones, is now available from the Bio- 
Products Department of Marine Colloids 
ivision, FMC Corporation. This 
ltrasoft’ agarose can be used in 
ybridoma cloning, protoplast cloning, 
and ‘improved viral plaque assay tech- 
ques.. Its low gelling and melting 
temperatures allow SeaPrep agarose to be 
safely with heat labile materials, and 
e high gel clarity simplifies identification 
id recovery of individual cells and clones; 
low. melting temperature facilitates 
sfer to liquid culture media. 
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© The new Tago radial immunodiffusion 
(RID) systems are intended for the 
quantitation of the individual IgG 
subclasses of monoclonal antibodies in 
mouse hybridoma ascites. Also available is 
an RID system for mouse IgM. These 
Diffu-Gen assays, based on gel immuno- 
precipitation, are specific, reproducible, 
and simple to perform. Each agarose plate 
has 12 application wells and contains an 
antiserum specific for the H chain deter- 
minants of IgG,, IgG3,, IgG», IgG,, or 
IgM. Subclass cross-reactivity has been 
minimized by affinity chromatography 
adsorption. The actual range of the RID 
plates allows the quantitation of mono- 
clonal antibodies between approximately 5 
and 100 mg di! . Samples of ascites are used 
at dilutions up to 1:10. Samples of cell 
culture supernatants may be detected, but 
not accurately quantitated, if lower than 5 
meg di, 
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® Triton Biosciences Inc. announced the 
introduction of affinity purified antibodies 
to an oncogene protein and a transforming 
growth factor. Each antibody is generated 
against a synthetic peptide corresponding 
to an amino acid sequence in the native pro- 
tein. These antibodies are purified by af- 
finity chromatography, thus reducing non- 
specific reactions for clearer, faster results. 
Western blot and immunoprecipitation 
analyses are used to verify their reactivity 
and specificity. These two new antibody 
products will not only be useful in cancer 
research, but they may also be used to 
elucidate the mechanisms in the regulation 
of normal cell growth and differentiation. 
Anti-ras "p21 antibody is the first in a 
series of oncogene analysis products that 
Triton is producing. Antibodies to on- 
cogene proteins may be used in semi- 
quantitative studies that will help clarify 
changes in oncogene expression. Ultimate- 
ly, these antibodies could be used in simple 
diagnostic tests to detect human malignan- 
cies. 
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Tissue Culture Services can be used either 4 
in enzyme immunoassays or in other assays j 
where optical determinations are involved. 
The NJ-2000 is microprocessor controlled: 
and can be programmed to read and 
analyse various parameters as required. 
With the addition of an optional. 
autoloader to the basic unit, the NJ-20007 
has the capacity to read up to T35 
microplates in sequence, and it can be | 
connected to various data processing 
systems via a computer interface (RS 232C 
or GP-1B). 
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© The American Type Culture Collection 
now offers two cell culture feeder popula- 
tions for use in research and hybridoma 
isolation. MRC-5 is a human diploid lung 
cell line, and STO a mouse embryonic 
fibroblast cell line. The cells are gamma ir- 
radiated to inhibit cell division and: are 
cryopreserved. Feeder cells are used to.sup- 
port the growth of fastidious cell popula- 
tions such as primary cells, hybridomas 
and cells with low colony forming efficien- 
cy. They retain their metabolic properties 
for one to two weeks, and can support the 
growth of other cells by conditioning the 
culture medium or through direct cell con- 
tact. The MCR-S and STO feeder cells are 
available as frozen suspensions. Each am- 
pule contains a sufficient cell population 
for seeding feeder layers to as much as 
225cm? of culture vessel surface. Instruc- 
tions are provided for thawing, recovering 
and proper seeding of the feeder cells. 
Feeder layers prepared from these two celf” 
lines have been in use at ATCC for the past 
several years to maintain various primary 
epithelia and to support growth-of certain 
hybridomas and other cell lines. ' 
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